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Keysight Offers End-to-End Solutions Across Workflows and Markets
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1. IC Design Workflow with PathwWave ADS (MMIC PA Design)

2. Rectenna Design with PathWave EMPro and ADS
a) Patch Antenna Design with EMPro

b) Rectifier Circuit with ADS
c) Integration of Patch Antenna and Rectifier Circuit in ADS

3. General Introduction of EMI/EMC simulation with EMPro

4. Conclusion
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|IC Design Workflow with PathWave ADS
(MMIC PA Design)



Keysight PathWave Advanced Design System (ADS)

Premier RF & Microwave Design Software

f— — S
['#1 aavances Desgn Sysem 201101 Mand : T AZMAIC_ P FET1 [LTEMMCPA_IK Demokie Nostimewv1. apout, A0 T, MoA2
|

» Industry and Technology Leader Serving: = NEa X7t te

YEHS D HHX 92

0 W &
ype=M1

mE

RFIC/MMIC

* Module Design

MYSTURP BUSIESS, ! s AD\LTEAINIC PA 5, ek

B 94 Jowtpul Cartour’ Pt wme Date} )

* RF Board Design ST e
e WA 7 TAPERRE S LTE_TDD DL TXEVM.dsn

74 4P9¥9 LLI RCNHTHO=O0A

b %\ e - (RIS TRRTS M

2

B AHAAAZZR BB O)FOORR G ¢

« Silicon RFIC Design

- ~

YYYYTYY

UE@J
22 £
. .. ) G O°
« High Speed Digital Design IN® | 55
o= %
oA 7,

AV KEYSIGHT



Keysight Pathwave MMIC Solutions

From Transistors to MMIC’s to Modules

v’ Seamless integrated EM/Circuit Co-Simulation

e v’ Best-in-Class Non-Linear Stability Analysis / Winslow Probes

RF circuit simulators v’ Fast & Accurate “Design & Simulation with Modulation/EVM”
v Wireless Verification Testbenches (VTB) and Modulated Sources

v’ Create Robust MMIC Designs with best-in-class tools
v/ Statistical Design Tools (including DOE)
v Non-Linear X-parameters modeling

v’ Cloud HPC

Best-in-class

v Integrated Planar and 3D EM/Circuit

Co-Simulation with RFPro v" Full Front-to-Back ADS PDKs

Y Near ?nd Ifar F_'EId F.’Iot.s Integrated Planar and 3D Foundry Design Kits.and v DRC / LVS with MMIC toolbar support
(AR OREI TS T ELLLY EV/Circuit Co-Simulation — — Models from all major ¥ GaAs. GaN. InP. HEMT. PHEMT. etc
v’ Cloud HPC with RFPro S 4 Foundries ’ , INF, ’ , etc.

v’ Design Kits from all major Foundries

v New Front-to-Back mm-Wave DemoKit
with Electrothermal capability

v’ Electrothermal effect at chip and v’ Layout / Electrothermal Simulation
package/module levels e : v’ Integrated Planar and 3D EM/Circuit Co-

v’ Layout Thermal Floor-Planning Simulation BRIl Sne DESig Ae Simulation with RFPro

v Many foundry PDK’s are v’ ADS Desktop and Third-Party DRC & LVS
Electrothermally enabled v/ Multi-technology/Smart Mount for Packaging

and Module Assembly and Simulation
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A Platform for Technology Assembly

. Package AND IC Layout “Layout vs. Layout”

Interoperable, -4> [ Layout,
OA-based designs | Verification

package designs Assembly Thermal

Native IC and ‘ Technology ‘ EM,
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Integrated Solution For Pre- And Post-Layout Analysis
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Schematic and Simulation
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Demonstration: MMIC PA/Switch on Laminate Board

Design Flow DC Analysis of FET

Optimization of Circuits for
Stability/Impedance Matching

Using of PDK Components

o
o, ¢ ©
Ouses I e Design Synchronization
o i o
(o) Substrate Definition

Smart Mount on Laminate Board

Validation: Harmonic
Balance/Virtual Test Bench
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Schematic Designh — DC Analysis of FET

« DC Analysis is usually performed at the start of amplifier design to understand the transistor performance

« ADS provides template that quickly helps designers to setup the simulation test bench.

v BC |_Probe VAR
+]| sRe2 DS \,’BR; =
vDs=
—_— : S
Vdc=VDS VGS=-1.0

Vde=VGS —

. ] - Drain
v_DC Gate Num=2
SRC1 = Num=1

[ aml PARAMETER SWEEP l I,;\ﬂ';, IDC I

ParamSweep

Subcircuit within N
the FET Curve SiminstanceName[1]=
Tracer component

SiminstanceName[2]=
SiminstanceName[3]=
SiminstanceName[4]=
SiminstanceName([5]=
SimInstanceName[6]=
Start=VGS_start
Stop=VGS_stop
LIn=VGS_points

"DC1"

DC1
SweepVar="vDS"
Start=VDS_start
Stop=VDS_stop
Lin=VDS_poirits

E;E MeasEqgn

meas1
DC_power=IDS.I"VDS

~ FET Curve Tracer _ D(:Z:_F:ET:

SIM1
" VGS_start=-2
- VGS_stop=0
- VGS_ points=5 .
. VDS_start=0
VDS_stop=5.0
4VDS_p0|nts 41

- Display TﬂmpLate

Gate Drain -

N

disptemp1 .
.. . .. . .. 'DCFETT
G demo_fet2
: M1
. FZ model=modei21-
. . nf=4 . .
) - gw=100um
— _M=1

AV KEYSIGHT

’ | 13"/’

" DEMO_NETLIST_INCLUDE
"DEMO_NETLIST_ INCLUDE
"H1=100 um~"

-Eri=12.9
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DEMO KIT TECH INCLUDE I

ADS

IDS.i
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Drain Current versus Bias Curves
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DC Power Consumption versus Bias

F0S
SIM1.VGS=0.000
SIM1VGS=-0.500 5 10
IS\MIVGSLW 000 g
5
SIM1VGS=-1.500 3}
o 05
SIM1.VGS=-2.000

m1
indep(m1)=5.000
vs(IDS.i,VDS)=0.151
SIM1.VGS=-1.500

=
=1

1 2 3 4
VDS

o

Move Marker m1 to update

values below:
Device Power
Consumption at
VDS m1 bias point,
Watts
5.000 0.757

5

SIM1.VGS=0.000
SIM1.VGS=0.500
SIM1.VGS=-1.000

SIM1.VGS=-1.500

SIM1.VGS=-2.000



Schematic Design — Optimization of Circuits

« After understanding the transistor performance, designer will start to create the various circuit:

1. Bias Circuit
2. Stability Circuit

= Optimization Cockpit

Sttus

Optimz  Theration 2125 Elapsed time:14s

3. |mpedaﬂCe MatCh|ng CIFCUIt Sfinukliz y | cradert (NNNNNNRNNRNNR Edt sgorkhm..,
Update Design Variables Goals
ADS Provides tools that helps designer to achieve their goals: T R i | ST OUR ll
1. Smith Chart Utility Tool for Impedance Matching ‘ ‘ ‘ | ‘ | ‘ ‘ !ll
ags . Recall.. . s
3 OptimGoal_MF = nf{z) —
2. StapEaet pomponent to measure stability quickly s S—
3. Optimization Cockpit (o] |2 = \«%/
?E“SLZ"WWM o =)= ] 3 3.73523 T 1
paiB E’]xé;m,@ =R .é':f}m,ﬂ . :; ;62022233 — OptimGoal_521 = dBs21)
HE ® 5 136783 F ; -
E _ 4 532,231 A =
1 5 151,159 = Cﬂtrlbutlons ||
b 1.92472e3 A [ -
m[ﬁ]]ﬂ]]lm[m]ﬂﬂﬂ- b [ o | W S - | OptimGoal_522 = dB(522)
StabFact @

_ StabFacf
StabFact1
- StabFact1=stab_fact(S)
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Schematic Designh — S-Parameter Simulation
Stability Optimization

Perform S-Parameter simulation for Stability and Impedance Matching purposes.

Below schematic perform Optimization for Stability (K-Factor) > 1.05 at all frequencies.

SmGammal and SmGamma2 to measure simultaneous-match input-reflection and output-reflection coefficient.

i

L L
> v_DC
SRC1 SRC2
Vde=-1.5V Vde=5V
R L
R1 L2
R=304.776 Ohm {o] g L=1.98957 nH {0}

-
L1

R=

B

L=7.48809 nH {OE
. 5 - '_] b

S-PARAMETERS I E=

==

S Param

SP1

Start=100 MHz
Stop=3 GHz
Step=0.01 GHz

D splayTemp\ate
dispterp1
"S_Params_Quad_dB_Smith"

|r;$;| DEMO KIT TEGH INCLUDE I

DEMO_NETLIST_INCLUDE
DEMO_NETLIST_INCLUDE
H1=100 um

Er1=12.9

v
=0
 — 5
SmGammal
SmGammat

SmGammai=sm_gamma1(S)

For Impedance
Matching after
~ Optimization

2]

SmGamma?

SmGamma2
SmGamma2
SmGamma2=sm_gamma2(S)

NonLinearDemoKit_thenna\=yes

demo_fet2
M1
model=model21

- Term
Term1
Num=1
Z=50 Ohm

6 nf=4
gw-100 um

%R-IJGSZS {o}
N

| L

Term
. Term2
Num=2
: Z=50 Ohm
' § R=60.4395 Ohm {0} - '

¢l :
~ ©=19.3506 pF {0} -

" | bl

[Embrac ]

StabFact
StabFact1

StabFact1=stab_fact(S)

. Optimization for K-Factor > 1.05

gy
GOAL 0N
Goal
OptimGoal1 gﬂ:m1 :
="StabFact1” ptim
¢ Evfghgt?b ot OptimType=Random  UseAllGoals=yes
: : Maxiters=2000 SaveCurrentEF=no

LimitType[1]="GreaterThan"
LimitMin[1]=1.05 :

DesiredError=0.0
StatusLevel=4
FinalAnalysis="None"
NormalizeGoals=no
SetBestValues=yes
Seed=
SaveSolns=no
SaveGoals=no
SaveOptimVars=no
UpdateDataset=yes
SaveNominal=no
SaveAlllterations=no

EnableCockpit=yes
SaveAliTrials=no

¥ Continue

Update Design....

States

Store...

Revert

i f

Status
tim1 Iteration 6/50 Elapsed time: 445  Stoppi :
6 Rmdomm Mnima - reafon Edit algorithm...
X . Goals are satisfied
Variables Goals
6 variables StartTuning 'v|  Editvariables...| 1 goq Error: 0 =
Error history
OptimGoal1 = StabFact1
cic 19.1929 pF ‘
L1L 6.99132 nH .
L2L 4,75943 nH L
RLR 181,917 Ohm .
RZR 72.586 Ohm
-

RIR §9.0473 Ohm L

UseAllOptVars=yes
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Schematic Designh — S-Parameter Simulation
Stability Optimization

» Optimized K-Factor Results with S-Parameters being measured.

« SmGammal and SmGammaz2 values are measured for impedance matching (@ 2GHz) for the next step.

Input Reflection Coefficient Reverse Transmission, dB K-Factor (Stability)
. =20 P

- ] 10-]

\ ] o]

\ -40 o]

) 5w .

| 1 6

' 60 ]

;e 5

/ -70—: 4

] 3]

\_/ -80—: ]

dB(S(1,2))
StabFact1

BT A R S e S o L e S e S
freq (100.0 MHz to 3.000 GHz) 00 05 10 15 20 25 30 00 05 10 15 20 25 30
freq, GHz freq, GHz
P Forward Transmission, dB Output Reflection Coefficient
s S For Impedance Matching
104 m1
] el Freq_2G=find_index(freq,2GHz)
5‘; i SmGammai[Freq_2G] SmGamma2[Freq_2G]
5 0_: freq=2.000 GHz 0.629 / 36.908 0.756 / -118.608
8 dB(S(2.1))=8.509 a \
@] o
m -5': w
° ]
-10
-154
20+ e 2>
00 05 10 15 20 25 30 freq (100.0 MHz to 3.000 GHz)
freq, GHz
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Schematic Designh — S-Parameter Simulation
Impedance Matching @ 2GHz — Smith Chart Utility Tool

« Based on the measured SmGammal and SmGammaz, these values can be placed in the Smith Chart Utility Tool to creating matching
network automatically.

5 . ® " Smith Chart Utility - [m] X
75| s.PARAMETERS Displayiemplate — — — — } L e o i
disptemp1 - - —
— *S_Params_Quad_dB_Smith" Ot Do b @ H X
I A SP1 N Fre @12 20 (Ohms) Current Schematic SmartComponent
I[f—= _||| —’—Ml—"“l Start=100 MHz @ [2 |[s0 | 2] Normalize | 3_5_Parameter_matching [Morse_micr | |DA_SmithChartMatch1 =
© + ¥_DC C D CI . - Stop=3GHz - - 5 5 4 o a o o . ? Define Source/Load Network Terminations. ..
. SRC1 - SRC2 - . Step=0.01 GHz . o . ] Network Response -
. Vde=-1.5V Vdes5V. . - . _ . o Sk | % FPrRE —
o o te/| DEMOKITTECHINCLUDE | |\t | N o
<Rl L o . r— — m— [Sebract : T
R=304.776 Ohm (o I DEMO_NETLIST_INCLUDE — 30| = -
DEMO_NETLIST_INCLUDE 20ac! =T S
L=1.98957 nH {o} H1=100 um StabFact1 00 o = —
R= ) Er1=129 o . StabFact1=stab_fact(S) n
t1 NonLinearDemoKit_thermal=yes T o
StartFreq:  [1e9 | stopFrea:  [ses || Reset
L=7.48909 fH {o * "DA_SmithChartMatch2_3: S Parameter_Matching = -
R= DA_SmithChartMatch2 Network Schematic
S . oL o @ g Term P
_SmithChartMatch1_3_S_Parametgr_Matching Term2
DA_SmithChartMatcht :ﬁm 0_fet2 . Num=2 = <z~
. ) . o M izt | o o 7-50 Ol
i ¥ Term n=4 §R=60,4395 Ohm {o} - = .
TEITI'II o 2 gw:100 um \ = : [] Lock Source Impedance [[] Lock Load Impedance < >
gfg:}_éhm —M=1 " I Gamma: (0.62900 < 36.9080 I Z 1.55066 | + 1.93838 Delete Selected Component Set Defauits...
= o E}WS'?B"H vswi 4.39084 Yz 0.25165 | + -0.31458 Zo: Value: |77.5+)%9 Loss:
O n’;“_:-_lzﬂhm
= © - J :ﬁmz Build ADS Circuit | Auto 2-Element Match | Reset Close
:: Num=1 &
c1
§| I Graaseazen :.';- Network Selector:4 X
C=522.836576 A 4
} . Click on Icon for Desired Network
oo - - SmGammal and sz cuemoe Quick automatic
/ SmGammaz2 values used > C””j e generation of
. : for impedance matchin iy '
i Smith Chart SmartComponent provides P 9 & T matching network
quick synthesis of matching network
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Schematic Design — S-Parameter Simulation
Impedance Matching — Smith Chart Utility Tool

* Impedance Matched Results

m 1
freq=2.000 GHz
dB(S(2,1))=14.025

ans 2 N
10—
N m3
0 freq=2.000 GHz
| S(1,1)=0.158/ 19.448
10 impedance = 67.081 +j7.237
. J m2
e 204 freq=2.000 GHz
ksl i S(2,2)=0.034 / 139.904
L88 o impedance = 47.427 +j2.074
mmm
h=h okl i
40—+
-804
60|
B R R T R \
00 02 04 06 08 10 12 14 15 18 20 22 24 26 28 30 \]
freq, GHz
10
8—
= B
E . freq (100.0 MHz to 3.000 GHz)
P -
2
D T T T T | T T T T | T T T T | T T T T ‘ T T T T | T T T T
0.0 05 10 15 20 25 30
freq, GHz
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Schematic Design — S-Parameter Simulation
Using PDK Components

« To bring the results one step closer to the measurement results, Process Design Kits (PDKs) from Foundries or Vendors will be used to
replace the ideal components.

* Due to the model creation depending on the Foundries or Vendors, ideal component values may not be exactly replaced with PDK
component values — especially for inductor models.

sf | DisplayTemplate £ &) DisplayTemplate.
S-PARAMETERS s Q| searaverers | BE1 00

"S_Params Quad_dB_Smith"

- "S_Params_Quad_dB_Smith" S_Param
S_Param SP1
I+ SP1 Start=100 MHz
ll——i—~—— =i Start=100 MHz Sop-3z
~ = 1 + Step=0.01 GHz
v_DC v e StopisGHz 1 |‘ ~— ‘l — I
SRC1 SRC2 Step=0.01 GHz. . —
v.0C v D¢ |4 pemo ki tEcH wewoe | [l
Vde=-1.5V Vde=5 V- — 3?“1 5 SRC2 Stabract | [WaGan |
0 ﬂl c=1. Vde=5 V DEMO_NETLIST_INCLUDE d
R ‘ %I DEMOKITTECH INCLUDE | Lo (== = DEMO_NETLIST_INCLUDE StabFact MaxGain
R1 StabFact R5 = demo_ind Hi1=100um StabFact1 MaxGain 1
R=304.776 Ohm {o A L DEMO_NETLIST_INCLUDE " o Type=rest : = o7 Co Erf=129 ' StabFact1=stab_fact(S) laxGain1=max_gain(S)
: § t21 a5 o ) DEMO_NETLIST_NCLUDE giﬂ';?’”h Replaced with o IR <2 - § Typesindl - - NonLinearDemoKit therrial=yes R
- o H1=100 um L Co g nums=275 - - >
R= = stabFacti=stab_macts) | PDK components | - - - Foum T Yy L=184nH
L . demo_ing = rotation=left
NonLinearDemoKit_thermal=yes i L6 S
L ﬁ - Typesindi
L=7.48909 fiH {0 L4 ntums=1.25 {t
R= 1.=3.935176 nH L=042nH - [ : : Mg M2
R=1e-12 Ohm rotation=left - += demo ind i3 Term
T ! e + Tem 5 - demo_fe2 o demo.cap . g Term?
', M1 S demo_res e Type=ind1 =
§ - e i o2 Ay model=mode21 R6 el puns-4 =i
- Num=2 - ¢ nf=4 Type=res1 B PF - 1=391nH -
r_ M1 ) R 7-50 Ohmh demo_cap I_ _ qu=100 um " R=80.4395 Chmi W=BT.7 UM - ottionSeft =
1L ) model=model21 R3 c N c4 S G P2 _m=t = w=25um
[ G L_ nf=4 R=60.4305 Ohm {0} 3 B Ev%e;;;mF 15 - =6 um x
+1 Term € L qw=100um - — T[] Type=ind1 S demo_res L o ;
Term1 €2 213 i%z M=1 :l:c YRS RF w=38 um nturms=4 5 R4 = demo_cap /
_ - S =4 91H Type=rest - -
Num=1 . C=922836576 1 1=5.315505 nH = eisionten. <. R=396.528 Ohim Type=capt
2=500hm R=1e-120hm R S -2 wed6 o o] coedseeF
¢ " w=170.5 um lemo_bvia
= R2 61 0 1=317 um . Bviad
R=396.528 0 . . My - . —1
Oﬂ—ﬁ{ ) €=19.3506 pF {o} . . - ‘ . ‘ . 1)
l demo. bvia ” demo_bvia
= = BViat i BVia3
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Schematic Design — S-Parameter Simulation
Using PDK Components

« Comparison of Results

g..StabFact1

3_S_Parameter_Matchini

g..MaxGain1

3_S_Parameter_Matchin

Using Ideal Components

m9
freq=2.000 GHz
dB(_3_S_Parameter_Matching..S(2,1))=14.025

ms
j m12 104
freq=2.000 GHz J
51 _3_S_Parameter_Matching..StabFact1=1.888 0+
) 0]
6 ]
= 20
| [T 1
TET 30
- R
5 | ol 504
mlmlrﬁ‘ 1
i é’éﬁ 50
4T T
0o 05 10 15 20 25 30 0.0 05 10 15 20 25 30
freq, GHz freq, GHz
4 Lo B0
3] ]
j = ]
30 @E 50
] 5] ]
] Eil.
26 ££ 47
] =E- .
24— ==
=3 ]
1 5. 0] m8
o] $57q‘2 000 GHz I S parameter Matching nf(2)=4.178
20| = . . E5 arameter ching..nf(2)=4.
B _3_S_Parameter_Matching..MaxGain1=14.138 iug 204 —= = g..nf(2)
18— o 4
i w | ]
(%] ]
5] m7 mm: 10
14 * 1 S—
L I L e o e e e e I LA B I o e e e L B e o o O B
0o 05 10 15 20 25 30 0o 05 10 15 20 25 30

freq, GHz
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Using PDK Components

m3
freq'z DDD GHz
)=13.204
] [ mi 3
3 m4 "]
] freq=2.000 GHz o
] StabFact1=2.054 i
. 10—
: S5 ]
150 N 7
] ggg ]
. 40
3 50
0 4
3 m4 ]
I T T T ?“‘||
0.0 05 1.0 15 20 25 20 0.0 20
freq, GHz freq, GHz
14 m5 B0
50
12— m5 ]
freq=2.000 GHz 1
1 MaxGain1=13.712 40
10— E
8 S
20 mé&
1 ] freq=2.000 GHz
5 ] nf(2)=4.084
| 0] L L
R T o A o B e T -+
0o 05 10 15 0 25 30 00 05 10 15 0 25 30
freq, GHz freq, GHz



Schematic Design — S-Parameter Simulation
Using PDK Components - Tuning

* Tuning can help to fine tune the performance of the design.

* Tuning updates the results instantly — no need to re-run the simulation.

[ gl
11 i1} ——il=—{lI
E— xjvobc - S R R
Simulate SRC1 . . . . . . SRC2
T - Morse_Micro_Dema_lib:4_Using_PDK_Components_Before_Tuning:schem gg:ﬂ:o-‘] rgs\/ Vdc=5 V .
— (=] "
: . Tune ~nturns R(sot ) ?5 1 = l dem o_ind
arameters - =TS b
Include Opt Params Value D ;;1 . & = . .
Enable/Disable... vax 3| — = = L Type=ind1
] Display Full ame w=20um . [ = : : - nturns=2.75 -
[ Snap Slider to Step (4] (4] 1=24.4 um_ e L=1.84 nH. [P —
Traces and values » demo_ind | _ 1= rotation=left LT
Store... Recall... L6 | ‘;E P~
Trace Visbilty.. L - Type=ind1 R S
Reset Values E:E
Close Unassodiated Data Displays " l:|-- -~ 'L=748nH K o %@@
Update Schematic ::E T‘."zs - ii = . rotation=left. = . 3 % %
Close Help < N o dem G_felZ
- M1
MOy d model=model21
+f Tem A G nf=4
g Temmd ¢ demo_cap = | - R . 2gw=100.um.
= demo_ind -
Z=50 Ohm Type=cap1 & L5
= ' . . ) ntuns=45. > R4
N ana Tivma—racA

AV KEYSIGHT

Blue plot shows updated results once
components are being tuned.
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Schematic Design — S-Parameter Simulation
Using PDK Components - Tuning

* Tuning can help to fine tune the performance of the design.

* Tuning updates the results instantly — no need to re-run the simulation.

AV KEYSIGHT

M2 Ao

+'|| .I e

V_DC
SRC2
Vdc=5 V-

demo_ind
L7
Type=ind1’
nturns=2.75
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Schematic Design — S-Parameter Simulation
Using PDK Components - Tuning

« Tuning can help to fine-tune and improve the results.
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Schematic Design — S-Parameter Simulation

Using PDK Components — Microstrip Line

* To complete the simulation, PDK Microstrip line are used to complete the design.

* If the results shift too much, consider Tuning/Optimization to fine tune the results.

St m3
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Schematic Designh — S-Parameter Simulation
Complete Design: 2 Stage Amplifier Design

« The final demo design is a 2-Stage Amplifier and below are the schematic and results details.

HitL
Ak

s
~
Hy
fi
|

Drain Bias

P3 Pa
Num=3 Num=4

——
‘ FET 1 Network

| FET 2 Network

.m

o [
I 1

gl |

FET2 = H
x4 =

se-0R " nEe
z

Num=2

Output
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Schematic Designh — S-Parameter Simulation
Complete Design: 2 Stage Amplifier Design

« The final demo design is a 2-Stage Amplifier and below are the schematic and results details.

LTE_PA_JS
schematic
X1

Vde=-1.5V

Term - - em
Tm Term2
Num=1 Num=2
2=50 0hm L Z=30 Ohm

Sub-Circuit Symbol
representing 2-Stage Amplifier
Schematic Design
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%Wa,| DEMOKIT TECHINCLUDE

DEMO_NETLIST.INCLUDE
DEMO_NETLIST_INCLUDE
H1=100 um

Er1=12.9
NonLinearDemoKit_thermal=yes

;ﬁ; S-PARAMETERS

S_Param

SP1 DisplayTemplate

Start=100 MHz ' disptemp1

Stop=3 GHz "S_Params_Quad_dB_Smith"
Step=0.01 GHz

StabFact [ MaxGain |
StabFact MaxGain
StabFact1 MaxGain1

StabFacti=stab fact(S) MaxGain1=max_gain(S)

m3

freq=2.000 GHz

dB(S(2,1))=27.803
m3

14E17 40 M
£DS i i ] )
20—
1.2E17 m4 ] /
] freq=2.000 GHz 0
— StabFact1=3.189 0] W
% 80E16] hec 0
Shain
5 ] pao ]
2 soEte- BDOE g ]
40E16| -100—
1 120~
20E16—|
| md -140
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50 140
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Layout Design — Design Synchronization

From Schematic to Layout

» Design Synchronization allows designs from schematic to be brought over to layout, while maintaining the schematic parameter such
as component values, layout parameters (e.g Width, Length, No. of Turns, etc.) in layout.

 Valid for PDK Models/Components that has both schematic and layout components.

B FET1 [Morse Micro_ Deme libFETlilsyout] (Layoutk 10

9 € RQD ¢ MR e SN
AT 9 P>m0A

: ¢ BB SEETXQ

ol ) G A HEHHEHEHE

RS X9 468 P LW\ 2R MRS EA2EE eV AW
= 0 LGEX AT IO @ W% ¢

Layout Simulate  Window  Dynamiclink

Generate/Update Layout...

Place Compenents From Schem To Layout

Design Differences...

Design Synchronization options, to
bring all schematic design into
layout with a single import, or
import the components into the

layout individually.

Design
Synchronization
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Layout Design — Design Synchronization

From Schematic to Layout

« Complete Layout Design for the 2-Stage Amplifier after design synchronization.

File Technology Edit

N1E R S

Substrate Stack-up are typically already defined by the PDK models.

View Options

Tools

Window

Help

P BEENEM

Substrate Name: tech (Master Substrate)

10134
Hve_pas
o
101.22 =
Hvia
ez
H
10022
\rang
El
100.12
Flvia_nicy
|
100
Eswa
0 micron

Substrate Layer Stackup
Type
Dielectric
Dielectric
2 Conductor Layer
Dielectric

3 Conductor Layer

AV KEYSIGHT

Name

M2 (8)

M1 (6)

Material
top
Demo_Nit31

PERFECT_CON...

Demo_Poly111

PERFECT_CON...

L} (X substrate vias
A Type

% Conductor Via

0120 |27 conductor Via
Tum | 2% Conductor Via
tum |27 conductorvie

Tum 7/// Conductor Via
> <

Name
Via_Mitl (3)
Via_Pass (9)
Vial_1 (5)
Vial_2 (7)
BVia (10)

top1

Demo_Nit31 (7.5)
0.12 migon

Demo_Polyl11 (2.7)

1 micren

Demo_Nit21 (7.5)
0.1 micron

Demo_Nit1111 (7.5)

0.12 migon

Demo_GaAslll (12.9)

100 micon

Top
MO (4)
Interface 1
M1 (6)
M2 (8)

mesa (1)

a

m F = =

Alternatively, create substrate stack-up using the ADS substrate editor

= tech [LTE_MMIC_PA_JS_2020_lib] (Substrate):3

Use right mouse context menus to add or delete substrate items.
Select items on the substrate and view their properties below.
Shorteuts in the Edit menu can be used to quickly edit the next substrate item,

Conductor Layer

Layer [M2 @) =
Process Role | Conductor v
[ ©nly pins and pin shapes from layer
Material PERFECT_CONDUCTOR ~|[-
@ Sheet
Operaton (O Intrude into substrate
() Expand the substrate
Position
Thickness |1 || micron v
Angle [0 | degrees
Surface Top | <None> ~
roughness
model Bottom | <None> |
== 24
Precedence |0 i TN
=

To move the layer up or down on the substrate, just drag it up or down.



Layout Design — EM-Circuit Cosimulation

What we heard over the years

e QR RF Layout Strp Ckt Components & Erase nor-
ek + Circuit simulateable structures from layout
ech file 7
START Add Pins to replace stripped ckt
N components from Layout
v
Export Import GDS file
GDSfile |~ into other 3rd party
EM tools
Export port
locations to X
a2 MSK file Ro-ll\sslgn n!atorlal
i information
- A
g Run custom program to l
w
0 create scriptflletoauto- | Set up geometry &
% generate ports in 3rd ports for simulation
party EM tools
A
Auto-generate Ports e élmulatlon
(For complex designs) S Dl
.Circui Reconnect Import S-parameters
e = c".cu't — Cktto EM b from EM tool into
Co-sim S-parameters in ADS ADS

FINISHED

Duplicate layer
information]

“«—

EM
Tech file
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Tedious, Time-Consuming
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C
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Layout Design — EM-Circuit Cosimulation

RFPro Simulation - Introduction

M ' ” ” e RF Layout
ADS et
Tech file o + Circuit

START

A

‘0 Integrated
EM / Circuit
?’ Co-Simulation

EM-Circuit
Co-sim

FINISHED

Strip Ckt Components & Erase non-

simulateable strugtures from layout

Add Pins to replace stripped ckt

omponents from Layout

v
Export
GDS file
Export port
locations to
a .MSK file

'

Run custom program to
create script file to auto-
generate ports in 3rd

party EM tools A

Auto-generate Pg
(For complex igns)

Reconnect
Ckt to EM
S-parameters in ADS

— >

Import GDS filg
into other 3rd

EM togh®
L4

Re-A#51gn material
formation

v

p geometry &
po or simulation

Run EM simulion
for S-paramete

.

Import S-parameters
from EM tool into
ADS

r, plicate layer
information]

S EM
Tech file
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Layout Design — EM-Circuit Cosimulation

RFPro Simulation - Introduction

* RFPro in ADS Removes EM Setup Complexity

* Layout * Solver * Integration
‘/ No Cookie cutting ‘/ No expert setup + Integrated EM and Circuit Co-Simulation
‘/ No exporting J Be com_‘ident in the setup of the 3D Vi_eW
: : . simulation and accuracy of the results ‘/ Solution for RF PCB, RFIC, MMIC and
No removing active devices : :
/ and placing pins & ports +/ Better automated defeaturing (via RF Modules
_ _ merging/dummy removal/hatched ‘/ Same user interface for ADS and
s-parameter files +/ Same environment for FEM and
Momentum
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Layout Design — EM-Circuit Cosimulation

R F P r O Si m u I at i O n = Set u p LTE_PA_JS [LTE_MMIC_PA_JS_2020_lib:LTE_PA_JS:rfpro] (RFPro [A]) — [m] *

File Edit View Teols Help 0 c ————x1

. ) ‘ Project E] m Layout p wt ®
«  Nets Assignment (Signal, Ground, Power) for ol & = I TI——, £,

I Mets T =] ®

: : : o) [&] Components D Smuatiors
automation in Ports Creation. T Py il o o
e —

%

£ B LTE_MMIC_PA_IS_2020.lib:LTE_PA_JStla deme_buis K | saptng
B oJF Mets f : demo_cap EE
’ - B demo_crossP
I Cew
demo_fet2 -D\
& JF P3 B demo ind -
|J_|_" P4 demo_ind_dc
o P po demo._res R

& demo_source_via
- Jr X1.8 demo_stepP

£33 demo_teeP

- B demo_tlineP
demo_via_MOM1
- B demo_via_MOM2
demo_via_M1M2
e FET1

(e FET2

e IMN

& intMN

*  Simple Drag-and-Drop for Ports and

s Substrate

Component Creation T e

Sl | Drag and Drop

T Virtoal Pins

«  Various options for model presentation — Rl il
Lumped, SnP, Model DB, and Library Cell e El]

T .1 Ports e
(PDK, SPICE) T
1 L@ Pl
i Reference Pin On Cover
0oz
L P2up2
. “f® Reference Pin On Cover
Mame IType B0 xe3 «
- model Library Cell P P3ups
¢ Reference Pin On Cover
ERNI Y
P PAnP4
"¢ Reference Pin On Cover
E 1 Component Models
| & 4 demo fet2 (DemoKit_Non_Linear:demo...
Lumped =% Options... 3
SnP B Run
B 70 Results

B JF KZB Set as Ground
B dr ){2. Set as Signal
E van

Model List

Add = Remaove Set Default

Model DB | Design_kit:R
Library Cell

AN KEYSIGHT - 31




Layout Design — EM-Circuit Cosimulation

RFPro Simulation — Generated Sub-Circuit

*  Quick sub-circuit generation for schematic use.

«  Generated sub-circuit automatically connects Ports, Components, and EM simulation results together with Nets connections

«  Circuit Components in the sub-circuit can be Tuned/Optimized with EM simulation results for Design Exploration

- [eM| Mom_RF
8 :I:l Ports
_E'Il Component Models

% Options...
,@ Run

5 7 Results

EEE Mesh/Ports

S-Parameters

= TDR/TDT
[ Near Field

4% Far Field

Generated Symbol to
represent the
generated sub-circuit

G o—1r poft—al2 >
Cm—ps Pat—ad >

;'-'.Fl- Generate Test Bench...

| ;'.';I- Generate Sub Circuit...

AV KEYSIGHT

— e wm-;': e

MMMMM

2

NETLIST INCLUDE

rrrrr stincluds.

0P

“T— Rt

Mom_RF
File="LTE_FA_JS rfpro_Mom_RF.sic”

mat

EM Simulation Results

|
— e 1

Generated Sub-Circuit




Layout Design — EM-Circuit Cosimulation

RFPro Simulation — Top Level Hierarchy Simulation

Hum=1

Hum=2

Num=4

o
8

SRC2
Vde=-1.5V

RETLT eLuDE

atiis incisoe
SutputFian

AV KEYSIGHT

_RF
File—LTE_PA_IS. rfpre_Mom_REsic”

—==—a—

Short
Shart

Term1
Num=1
Z=50 Ohm

Generated Sub-Circuit

Generated RFPro Sub-circuit results in comparison with Schematic simulation results.

LTE_PA_JS
schematic_Mom_MW
X1

III-—'||I)L~’—_|_’=\EJ_—‘~T|II%-4II

N : V._DC
, SRC1
Vde=5V

Z=50 Ohm

L]

l Term
Term2
Num=2

Y DEMOKITTECHINCLUDEI

DEMO_NETLIST_INCLUDE
DEMO_NETLIST_INCLUDE
H1=100 um

Er1=12.9
NonLinearDemokKit_thermal=yes

@ S-PARAMETERS

S_Param

SP1 DisplayTemplate

Start=100 MHz disptemp1

Stop=3 GHz "S_Params_Quad_dB_Smith"

Step=0.01 GHz

lelnd N

StabFact
StabFact MaxGain
StabFact1 MaxGain1

StabFact1=stab_fact(S) MaxGain1=max_gain(S)



Layout Design — EM-Circuit Cosimulation

RFPro Simulation — Top Level Hierarchy Simulation

«  Generated RFPro Sub-circuit results in comparison with Schematic simulation results.

Schematic Results RFPro Results
m5 Tls] m4 m3
freq=2.000 GHz freq=2.000 GHz freq=2.000 GHz freq=2.000 GHz
StabFact1=3.189 HB{S(2,1))=27.803 LTE_PA_JS_ToplLevel MW. StabFact1=2.578§ HB(LTE_PA_JS_Toplevel MW..S(2,1))=27.795
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ol freq=2.000 GHZ . o < > req=2.000 GHz
2500 ] hf(2)=2.695 < = freE:ZDDD GHz _ wf o LTE_PA_JS_ToplLevel MW _nf(2)=2 638
20— ! LTE PA JS ToplLevel MW. MaxGain1=28.986| | 5
2000~ e . = s m2
B m7 = i ¥
X
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Further Validation of Design

Harmonic balance/modulated signals

* Non-linear performance of the LNA is critical

» Designers leverage on ADS Harmonic

Balance to analyze the non-linear performance

» Designer may also be interested how the LNA

performed under Industry Standard Signals

» Virtual Test Bench (VTBs) provides Industry

Standard Signals that designers can use.

AV KEYSIGHT




Validation: Harmonic Balance Simulation

1-Tone Non-Linear Simulation

Schematic/Data Display templates
for quick simulation setup and
results display

AV KEYSIGHT

IIF——'I'}—“—J

V_DC
SRC2
Vde=-1.5V

.4 P_1Tone
s |PORT1

>

Num=1
Z=50 Ohm
P=dbmtow(RFpower)

_*_ Freq=RFfreq

LTE_PA_JS
schematic_Mom_RF

|||—-|||

V
SRC1
Vde=5V

Ll
2 -

Vout

I

RFPro Generated
Sub-Circuit

One Tone Harmonic Balance
Simulation; one input
frequency; swept power.

R

HARMONIC BALANCE I | SWEEP PLAN I

HarmonicBalance

HB1
Freq[1]=RFfreq
Order[1]=7

SweepVar="RFpower"
SweepPlan="SwpPlan1"

\ [0=] DisplayTemplate

d|sptemp1
"HB1ToneSwptPwr"

SweepPlan

SwpPlan1

Start=-40 Stop=0 Step=1 Lin=
UseSweepPlan=
SweepPlan=

Reverse=no T

e

DEMO_NETLIST_INCLUDE
DEMO_NETLIST_INCLUDE
H1=100 um

Er1=12.9
NonLinearDemoKit_thermal=yes

DEMO KIT TECH INCLUDE I

Term
Term2
Num=2
Z=Zload

Set these values:
Var VAR
VAR1
RFfreq=2 GHz
Zload=50

VAR

Swept Var_Initialization

Power Sweep from -40dBm to 0dBm



Validation: Harmonic Balance Simulation

1-Tone Non-Linear Simulation

AV KEYSIGHT

Interpolated Output Spectrum, dBm

Use with HB1ToneSwptPwr Schem atic Template

Transducer Power Gain and Gain Compression

Fundamental and Third Harm., dBm

oo 50 o1.2 27.8 e 40
0— i I = 204
£ m 1.0 27.6 = i
g 50 -U* T B § D__ ]
3 5 08 274 Sm= 20
0 -100— o h I ® “2EE 404
e £ 06 272 5 P22 g
L 150 £ ] | 2 0T83 50
. 8 0.4 Lo70 T 5588 80
S 200 = L= g -
I T 5 -100-
E 2504 © 0.2+ 268 E 4120
-300 ; — 0.0~ e e 26,6 140 e
o ~ = o @ 2 3 = 15 -10 -5 5 10 15 20 25 30 -40 -35 30 -25 20 -15 -0 5 0
2 151 3 151 2 o o o
=] o o =] =} o =} =} Fund. Output Power, dBm Available Source Power, dBm
® ® ® ® ® ® ®
. Frequency
Set Desired_Pout_dBm = to desired output power
in dBm. The gain, gain com pression and spectral
data will be interpolated to find the values that Interpolated output power (dBm), gain (dB)
correspond to this output power. po! put p 9 , Interpolated 2nd, 3rd, 4th, and 5th harmonics (dBc)
and gain compression (dB)
Deswed_gout_d
] 24.990 27.350 0.440 -567.284 -32.109 -51.900 -57.467
-15 —1‘U —|5 EII 5| 1‘0 1‘5 Z‘U 2|5 30
Pout_dBm_values
Fundamental Available Fundamental Second Third Fourth Fifth Available Gain Delta_
Frequency Source Power  Output Power  Lransducer Harmonic Harmonic Harmonic Harmonic Source Power Reduction Phase Shift
dBm dBm Power Gain dBe dBc dBc dBc dBm degrees
-40.00 -12.21 27.79 -80.50 -110.1 -167.4 216.7 -40.000 0.000 0.000
-39.00 -11.21 27.79 -79.50 -108.1 -164.3 212.7 -39.000 -8.271E-6 -7.425E-5
-38.00 -10.21 27.79 -78.50 -106.1 -161.3 208.7 -38.000 -1.869E-5 -1.677E-4
-37.00 -9.210 27.79 -77.50 -104.1 -158.3 204.7 -37.000 -3.180E-5 -2.854E-4
-36.00 -8.210 27.79 -76.50 -102.1 -155.3 -200.7 -36.000 -4.831E-5 -4.335E-4
-35.00 -7.210 27.79 -75.50 -100.1 -152.3 -196.7 -35.000 -6.910E-5 -0.001
-34.00 -6.210 27.79 -74.50 -98.07 -149.3 -192.7 -34.000 -9.528E-5 -0.001
-33.00 -5.210 27.79 -73.50 -96.07 -146.4 -188.7 -33.000 -1.283E-4 -0.001
-32.00 -4.210 27.79 72.50 -94.07 -143.4 -184.7 -32.000 -1.698E-4 -0.002
-31.00 -3.210 27.79 -71.51 -92.07 -140.4 -180.7 -31.000 -2.221E-4 -0.002
-30.00 -2.210 27.79 -70.51 -90.07 -137.4 -176.7 -30.000 -2.880E-4 -0.003
-29.00 -1.210 27.79 £9.51 -88.07 -134.4 1727 -29.000 -3.710E-4 -0.003
-28.00 -210.5m 27.79 £8.51 -86.07 -131.4 -168.7 -28.000 -4.756E-4 -0.004
-27.00 789.4m 27.79 57.52 -84.06 -128.4 -164.7 -27.000 -0.001 -0.005
-26.00 1.789 27.79 £6.52 -82.06 -125.4 -160.7 -
-25.00 2.789 27.79 £5.53 -80.06 -122.4 -156.7 Use these values in GComp7
section of S2D data file,
with option line:
# AC(GHZ S DBM DB R 50.0)




Validation: Virtual Test Bench (VTB)

Simulate with industry standard signals

RF IN P. VTB . PA_OUT_P \/T|_Br‘::1[\ 1 ]EC__}(_]A”T_.F:."E ysis
REIN Y . fSouee S -, PAOUTN ecarier in=F_RF_Hz
FCarrier_Out=F_RF_Hz

SignalPower=dbmtow(P_RF_dBm)
Bandwidth=BW20MHz
OversampleRatio=x2

FBMC_5G_Waeform

T T T T T T T T T T T T
30E4 254 4DE4 4584 S0E4 55E¢ GDE4 G5E4  TOE4 T4 BDE4  B5E4  9.0E4  95E4

[-:ga ENVELOPE

EVM (dB)= -14.83

-20—

40

60|

Output Speckum Pawer (dBm) (H)

80|

L e R B
25026 2.503G 2504G 2.505G 2.506G 2.507G 2.508C

I:l VAR Frequency (Hz)

VART Y
P RF_dBm=-30 | SWEEP PLAN I fw®/| PARAMETER SWEEP

F_RF_Hz=2.412G

_ SweepPlan ParamSwee [
;gogie%:;slhgo ReversePowerSweep Sweep1 ’ oG NR’ Verlzon, (U)F-OFDM’ FBMC
Vdd=33 Start=-30 Stop=0 Step=10 Lin= SweepPlan="ReversePowerSweep" 3GPP /LTE, LTE Advanced
pd=0 UseSweepPlan= SweepVar="P_RF_dBm" 802.11 a/b/n/ac/ad/ah
P_RF2_dBm=P_RF_dBm SUEEEALIS o 5 2 2
F_RF2_Hz=F_RF_Hz+F_Offset_Hz Reverse=yes %13*==‘=‘ 80 153C, 80 154, 80 166

ﬁ@ Bluetooth (Basic, Enhanced and BLE)

= GPDK NETLIST INCLUDE GNSS/G PS

DVB-x2

AV KEYSIGHT



Validation: Virtual Test Bench (VTB)

Simulate with industry standard signals

LTE_PA_JS
schematic_Mom_MW
X1
I +
] I
V_DC V_DC
SRC2 ﬂ SRC1
Vdc=-1.5V Vdc=5 V
RFPro Generated /

Sub-Circuit

LTE BS Downlink
VTB

LTE_BS_Tx_Analysis
VTB1

VTBPackage=SystemVueVTB2022
VTBFile=LTE/BS_Tw3GPP_LTE_BS_Tx.wsv
VTBName=LTE_BS_Tx_Analysis
FCarrier_In=2 GHz

FCarrier_Out=2 GHz
SignalPower=10 mW
MirrorSignal=NO
Gainlmbalance=0
Phaselmbalance=0
|_OriginOffset=0

Q_OriginOffset=0

IQ_Rotation=0

FrameMode=FDD

Bandwidth=BW 10 MHz
OversamplingOption=Ratio 4

AV KEYSIGHT

AR

Envelope

VTB1_Env
Freq[1]=vtbFCarrier_Source
Order[1]=5

ENVELOPE

R/

DEMO KIT TECH INCLUDE

DEMO_NETLIST_INCLUDE
DEMO_NETLIST_INCLUDE
H1=100 um

Er1=12.9
NonLinearDemoKit_thermal=yes

UseTestModel=YES
TestModel=ETM11
TDD_Config=Config 0
SpecialSF_Config=Config 4
FullRB_Alloc=YES
StartRB=0

NumRBs=50
UE1_Config=Code rate
UE1_Payload=0.333333
UE1_Mapping Type=0
EnableTxFilter=YES
FIR_Taps=95
NumFrames=1
SaveConstellation=NO
PortZ[1]=50 Ohm

PortZ[2]=50 Ohm



Validation: Virtual Test Bench (VTB)

Simulate with industry standard signals

Input Power at -30dBm

Spectrum $1

) 10
Errors Summary E 50— o
EVM = 0.187@0 % at Max of EVM Window Start/End & §
EVM Peak = 1.086@0 % at symbol 2@0, subcamier 0@0 100 £ o
Data EVM = 0.189@0 % 2 ®
RS EVM = 0.174@0 % CERES 0
RS Tx. Power(Avg) = 29994@0 dBm E b~
OFDM Sym. Tx Power=  -2212@0 dBm 8 200 02
Freq Emr= 0.000@0 Hz =
SyncCom = 1.000@0 LIS B e e s e e e o e o
g«am&no?E Tracking Errgru:o ) l].(())(]l]@() 2 2 2 =2 B B B B B H H
e Ot 001G er § 488 8 3883 S1_Time,meec
16 amtnal D'DDO@PDUU@O e Dot ?

ainimbalance = : CCDF 3 channel frequency response over subcarriers
1Q QuadError = 0.001@0  deg =
Q TimingSkew = 0.000@0  sec o5 "] i §‘ 1007
o 1001
Frame Summary - ao— g 1 V
Channel EVM(%) Power(dB) Num.RB 23 e £ ey
P_SS 0.079@0 0.009@0 12@0 L [
S_SS 0.102@0 0.009@0 12@0 [= 2 ]
PBCH 0‘07780 0.008@0 6@0 82 ] 4 osee
PHICH 0222@0 0.000@0 40@0 < o] ] -
PDCCH 0 16680 1.065@0  480@0 ] G 0T
PDSCH 0.189@0 000 1000@0 N P
PDSCH_User 1 0.189@0 -0.000@0 1000@0 LA L UL L LA I - AR IRRE RARRS RARAN RARAE R
PDSCH_User 2 -999.000@0 -999.000@0 -999@0 i e R o e
;ngn_gserg gggggg@g »gggr%@g -gg@g CCDF_CCDF_SignalRange_dB g L1_Tx0Rx0EqChanFreqResp_Index
ser B -
PDSCH_User 5 999.000@0 -999.000@0 -999@0
PDSCH_User 6 -999.000@0 -999.000@0 -999@0
EWM PassFailFlag | ACLR PassFailFlag ACLR Lowerl | ACLR Lower2 | ACLR Upperl | ACLR Upper2
TRUE TRUE 90419 138501 90.183 138370
L1 P SSEW Frame P_SSEWM L1 S SSEVM Frame S SSEW L1 PBCHEW _Frame PBCHEVM L1_PCFICHEVM Frame PCHCHEVM L1_PHICHEWM Frame PHICHEVM L1_PDCCHEWM _Frame PDCCHEW L1_PDSCHEWM Frame PDSCHEWM
0 0079 0 0.102 0 0.077 0 0231 0 0222 0 0.166 0 0.189
L1_EVM_Frame EVM L1_EVMPK_Frame EVMPk L1 FregErm Frame FreqEm L1_RSEVM Frame RSEW L1_RSTxPower Frame RSTxPower L1_SyncComr_Frame SyncComr
0 0.187 0 1.086 0 2923E-5 0 0174 0 -29.994 0 1.000

AV KEYSIGHT
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Validation: Virtual Test Bench (VTB)

Simulate with industry standard signals

Input Power at 0dBm

Spectrum 51
1

Emors Summary § z:~—
EVM = 16.276@0 % at Max of EVIM Window Start/End £ §
EVM Peak = 56.645@0 % at symbol 24@0, subcarmier 331@0 S £
Data EVM = 16.386@0 % 2 &
RS EVM = 16.327@0 % 2] ] =
RS Tx Power(Avg) = 2251@0  dBm 5 o b
OFDM Sym. Tx. Power= 25.524@0 dBm K :
Freq.Emr= 0.025@0 Hz = 1
SyncCorr= 0.960@0 B e e S s e = =
Common Tracking Emor= 0.000@0 - S R o & 8 10
SymCIKEm = 0.070@0 ppm 5 3 & ® &8 2 B § §
Time Offset = 0010@0  sec = 8 @ & & 3 & @ @ §1_Time, msec
|Q Offset = 0.000@0 Spec_Power_Freq [
1Q Gainimbalance = 1.000@0 CCOF @ hannel , be arri
|0 QuadETor = 0032@0 deg . El " channel Trequency response over subc armers
|Q TimingSkew = 0.000@0 SEC ros 5 2 |

€

id J
Frame Summary w m‘ g 10
Channel EVM(%) Power(dB) Num.RB ES o i B
P S8 17.336@0 0.172@0  12@0 Lo g o
s7ss 17.734@0 -0089@0  12@0 Bu' 5 '™
PBCH 17.257@0 0.009@0  G@0 98 ] g 7
PHICH 8.872@0 -0.116@0 40@0 o o Z o8]
PDCCH 14.583@0  1.039@0 480@0 =] B
PDSCH 16.386@0  -0.003@0 1000@0 ] = 0s 3
PDSCH_User 1 16.386@0 0.003@0  1000@0 L L T N N L L T R L L N LN I
PDSCH_User2 -999.000@0 -999.000@0 -999@0 L 15 e o mo o0 40 oo e
PDSCH User3 -999.000@0 -999.000@0 -999@0 CCDF_CCDF_signalRange_dB 2 L1_TxORxDEqChanFreqResp_Index
PDSCH_User4 -999.000@0 -999.000@0 -999@0
PDSCH_User5 -999.000@0 -999.000@0 -999@0
PDSCH_User6 -999.000@0 -999.000@0 -999@0

EVM_PassFailFlag ACLR_PassFailFlag ACLR_Lower1 | ACLR Lower2 | ACLR Upperl | ACLR Upper2
TRUE FALSE 23166 46.257 23.106 46.342
L1_P_SSEVM_Frame P_SSEVM L1_5_SSEVM_Frame 5_SSEVM L1_PBCHEVM_Frame PBCHEVM L1_PCFICHEVM_Frame PCFICHEVM L1_PHICHEVM_Frame PHICHEVM L1_PDCCHEVM_Frame PDCCHEVM L1_PDSCHEVM_Frame PDSCHEVM
0 17.336 0 17.734 0 17.257 0 16.063 0 8.872 0 14.583 0 16.386
L1_EVM_Frame EVM L1 _EVMPk_Frame EVMPK L1_FreqErr_Frame FregErm L1_RSEVM_Frame RSEVM L1_RSTxPower_Frame RSTHPower L1_SyncCom_Frame Syne Corr
0 16.278 i 56.645 0 D025 i 16.327 0 2251 i 0960

AV KEYSIGHT




Smart Mount

Multi-technology simulation

- SmartMount allows designs with different technology to be assembled into a single layout window

« This enables full design EM simulation together with Packages, Laminate, Connectors, etc.

SmartMount Flow

Place Pcell into layout design Design Ready for EM

Select Design as Smart
(through drag and drop) simulation

Mount Pcell Select Smart Mount Subtype

Default Smart Mount Settings

Smart Maunt Subtype: Bottom Mount “

[ ] Map Layer and Align

Chip Alignment: | Automatic W - (7]

AV KEYSIGHT



Smart Mount

Mount PA onto Laminate Board

Bondwires drawn on layout
to connect PA/Switch on
™ Laminate Board

[ tdvanced Design System 2023 Update 1 (Main) - o X

File View Options Tools Window DesignKits DesignGuide »
wiv Be WBDH=S
wiv @ WE>wE%

File View  Folder View  Library View

v Smart_Mount_Demo h| 5 f ra “ q I-\ *
L€/ Laminate_board_demo 3
v (€] LTE_PAJS demo
@ emSetup
layout
ripro

schematic

Mount PA/Switch
onto Laminate
Board

@
@schemat\c_FEM iy ".\ { ‘ .'_;
@ schematic_Mem_MW A I I
@ schematic_Mom_RF aae 88
P> symbl il N
> symbal_FEM
D symbal_Mom_MW
D’ symbal_Mom_RF
v €] SPDT Switch_Demo

<

C:A\Users\mingllee\MCM_wrk

bound
silk_screen
silk_screen2
(ase_d\mensmm
pcl

pc?

JNRNENERNDOER

pcd
acd

AV KEYSIGHT



Smart Mount

Complete the design flow with RFPro

@
& 0w

T
i E E
o A—
e L
P - =3
[
= <

©

Laminate_Board_plus_2PAs_Switch [Laminate_lib:Laminate_Board_plus_2PAs_Switch:rfpro] (RFPro [A])

| File | Edit View Tools Help

Project

93¢ -—nu
8

Create View

= Laminate_lib:Laminate_Board_p... \ .

& JF Nets T

(¢! Components T
=4 Substrate

O+ Pins T

O+ Virtual Pins

O+ Reference Pins

£3}

J3 I C

3}

»N Materials
™ Bonduwire Definitions

®

&

[ |

Setup
= [E Analyses \
B [eM Full EM Analysis_Gen2_Order2 ;
.
: . & 1 Ports
Generated Subcircuit 0 Gt i
‘ﬂn Options...
& Run
B 7 Results
E Mesh/Ports
7 S-Parameters
71 TOR/TDT |
e ¥ DisplayTemplate = ) -
[i0%,] pEmokmTeCH NcLuDE |4k | s-ParaveTers | (= Jorer Nk
DEMO_NETLIST_INCLUDE S_Param ARELERIGED @ FarField
DEMO_NETLIST INCLUDE sP1 B3 Generate Test Bench...
H1=100 um Start=0 GHz — —
Er1=129 Stop=2.5 GHz W Generate Sub Circuit... |V?
NonLinearDemoKit_thermal=yes Dec= -
Visibility
40
. s ]
= Term . l V_DC 30—
Term1 v_DC +] SR 4
Num=1 +_L SRC6 = Vdc=3V 20—
Z=50 Ohm v_DC s v_DC — Vde=-15V — .
_ +| sret i ;ﬁ%g i v_DC o +i SRC4 _ ]
— Fvae=3v= SRR +] skos 5 Vde=1.5V — o
= = Vde=5V | paA_Switch_Module_wideVids2 — 10
- schematic_Full_EM_Analysis_Gen2_Order2 Bl
= X2 = 20
= + Term T Term -30—_
Term2 Term3 40|
Num=2 Num=3 L
TopLeveITest 7=50 Chm 7=50 Ohm ey B A
: : = = S 8§ 88 58 x == BB kB
Bench Simulation AL 1
= = freq, GHz

AV KEYSIGHT
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Smart Mount: DUT Test Board
Integrate design with DUT Test board

YouTube Videos

1. 3 Critical Requirements for RF Design Flow: PathWave ADS Overview
2. Integrated 3D EM/Circuit Co-Simulation for First-Pass Design Win

AV KEYSIGHT


https://www.youtube.com/watch?v=sF2kxjRAnWA
https://www.youtube.com/watch?v=3lcqzuqHM9U&t=2694s

AN KEYSIGHT

Rectenna Design with ADS and EMPro



Keysight PathWave EM Design (EMPro)
3D EM Simulation Tool

» Modern, efficient 3D solid modeling environment

* Flexible choice of full wave 3D EM simulation
technologies, FDTD and FEM

» Antenna Element and Array Designer for quick
design generation

« Parameterize 3D EM components for co-simulation
& optimization in ADS

« Transfer ADS Layouts to EMPro for additional 3D-
EM simulation

 Full scripting (Python) and parameterization
capability

* Windows & Linux

AV KEYSIGHT



EMPro Application

Microwave and RF

(E.g. Antenna, PCB Board, Waveguide) Specific Absorption Rate (SAR)

High Speed Digital Aerospace and Defence
(E.g. Connector Models, etc) (E.g. Radar Cross Section)

”

v

s

Optional Title of the Presentation



Antenna Design Toolkit

. u Antenna Element Designer - |
Element Designer _
Aperture Antennas =
o Qu |Ck generauon Of deS| red anten na Bidirectionnal 16-5lotted Wavequide Antenna
e Substratzwidth
« Support the following: frodem |
I ;
o Circular Pin-Fed Patch Antenna : """ :
| I
v' Aperture Antennas s | i
| i |
* Bidirectional 16-Slotted Waveguide Antenna ﬁ Invertedf Antenna | |
| X
| |
|
v'PCB Antennas |
* Circular Pin-Fed Patch Antenna o
¢ Inverted-F Antenna e Anternes
- Rectangular Patch Antenna e —
Input parameters
‘/ Wl re Ante n n aS . End oaded Dipoe Antema Minimal simulated frequency | 2 GHz
+ End-loaded Dipole Antenna Mo sbliﬁqumq i ZHZ
¢ FOIded D|p0|e Antenna : / ) Conductor thidkness | 0,035 mm
g \ Folded Dipole Antenna
® D|p0|e Antenna / Ground thickness | 0,035 mm
Conductor material ECopper ~
@ Ground material ECopper ~

M‘ KEYSIGHT Optional Title of the Presentation 49



Antenna Design Toolkit yem—r—

[

e m: m{%[]
* Quick generation of array from a single iz W e W ey W s WA
antenna element in the active EMPro projec 0-5-5-5-H)-
* Support the following: e o in o o =
v’ Cylindrical Rectangular Antenna Array | |
v Linear Antenna Array f::tm::lmfemi"gm :d
v’ Planar Rectangular Antenna Array ""mber-’febm:m:m:n; : {
v'Planar Triangular Antenna Array :EM}mmn .
s e o [ 1
 Specify desired Beam Steering Operation | essemm D 1

Phi main lobe (degrees) 30

« Enable/Disable antenna element for desired  mmmnoewmecs o
pattern of array e

Edit calculated parameters

Phase Shift X [0 |

Phase shift ¥ [D = ]

v 2

‘.X Main lobe direction

Optional Title of the Presentation



Keysight PathWave EM Design (EMPro)
EMPro Standalone 3DEM integration with ADS

« EMPro 3D drawing
environment shares

common database with ADS

Common Database

Advanced Design System 2011.10 (Main) _Lélélg

File Wiew Options Tools Window DesignKits

3
P e ) "1 - B e
Wiw 30 WHED> W= -

- [w] ‘projectsLayoutcomipgnentFlow’ UseShA _wrk,
2/l stACan_lib

-

ADS Layout (3D View)

e e

‘s

4 (8 ShMAConnector
IDview

embadel
@ emSetup

layout

m

« Enables easy 3DEM —circuit (1T m_bm
cosimulation in ADS to O
account for full 3DEM effects ' CO B
on circuit performance, e.g. . . mmm ]
connectors, RF shields, L F—— ,

antennas

|| C\projects’LayoutcomponentFlow! UseSMA_wrk

EMPro projects now saved as ADS libraries

3D models now directly available in ADS as schematic and layout views
Changes made in EMPro dynamically update in ADS

Parameters created in EMPro available in ADS for EM sweep/optimization

AV KEYSIGHT




Example: Design Flow with ADS - RFPro (Antenna)

*Note: Design is for Proof-of-Concept

= =} X

Seamless EM-Circuit Cosimulation

Design import from CAD-System
ODB++, Zuken-Link, *.brd

-
e VEHE L XIOD $EPPOE HH RS SO E J
SFLLE O L \mas YT HOBOA

| BEEEZA O S FrRQ HRQ

[ e —
wiee O H @ T
P

FEEEEEEEEEEEEEEEEEL
168 E QO 006 E R E E G

Advanced
Design System

| lotal |_surtace | (A/m)
0 0.75 15 225 3

Gain total (dBi)
-_—

8.89

\

-3.46

Advanced
Design System

AN KEYSIGHT - <

~ 3D Design Import
Import 3D structures/design

from Keysight EM Design
(EMPro)

Common shared library
between ADS and EMPro

Check Antenna behavior
with operating conditions

e Circuit Excitation with

SMD/Circuit Components

VYWRIRN ccommsesmaomscsnstmrmmorn

d|

w Toos Hlp B & x1
Project L] E3

Advanced
|Design System , aps_nandson sibo.
|

Conductors | Sobd | | Viveframe | | Hde

3 -
.

.| Perform EM simulations with RFPro |

Optimization of Circuit Component
for Impedance Matching with
4 simulated S-Para

‘Component_Model_L1=2 52365603 {0}
Companent_Model_C1=0

EMPro

Verify under real conditions
* Assign SPICE/SMD component models

* Run Circuit Simulations
(Transient/SP/HB/Optimization)

m3
req=4.500 GHz

E— - m1 g
X - S(1,1)=0.008 / -52.710
%i‘;s:z:;":;“f:::':[‘: e ACI W | s-PARAMETERS I i s impedance = 50.478 - j0.635
AC S_Param \ ‘[‘_\,‘\ o'l Y F\'l‘f ]
AC1 SP1 \f
Freq=4.5 GHz Start=0 GHz 10 |
Stop=10.0 GHz _ 1 |
Step=0.01 GHz > f 20—
o
+3  P_1Tone | ~ GOAL I r"“"q OPTIM o -0
PORT2 L u I
Ee Num=1 c_Full_EM_Analysis * a0 1
Z=50Ohm X2
P=polar(dbmtow(0),0)

= m 50— - T r T
== Freq=4.5 GHz d 0 zl .L r|> é 10
freq, GHz

Advanced
Design System

freq (0.0000 Hz to 10.00 GHz)



Rectenna_FULL EM EXTRACTION_Ckt_Rectenna_Full_EM_Complete_Modified

Demo: Rectenna Design

Antenna Design in EMPro, Rectifier PCB Design in ADS

-
200
(1=
5
=
9
3

\'
Combine Circuit and EM Designs Ftone 2
in a single platform ol
S P=dbmtow(Pin)
& Freq=2.475 GHz
[%H || searaverers | [i%] HarmoniceaLance |
E&J\ - S_Param HarmonicBalance
SP2 HB1

B3] Start=1 GHz Freq[1]=2.475 GHz VAR
“ L S < -+ 2
o~ S scaene-fso } o
- Stop=15
5 - VWL

| 3D Design import from EMPro ™~ EM-Circuit Cosimulation that .
W allows Tuning and Optimization
2 i Advagce?

- m1 =2 475 Gz esign oystem
[ PSR e
Ec_]_ D P
[
J ® |
W 5
. x 1D‘12‘14‘16‘13'2D‘22‘24 ‘IZG‘ZB‘BD
Advanced #DS DS
Design System — .
ADS + EMPro provides Design Insights. = t
= Design still needs to be fine-tuned for a ‘
J Clrcult + PCB Deslgn N ADS e Smoother DC Output Voltage! 0o 20 00 :mueyp;z o0 7o oo et a0 25 20 -5 —me— 1 15

AN KEYSIGHT o il il 54



Demo: Rectenna Design

Antenna Design in EMPro

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHgHI!HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

Create Modify Boolean View

A5 S0 2R N~ PDOOBADADTY PR W

L

'® power | Efficiency Total Theta Phi
FulPattern |~
Theta/Phi |~

[ Other Statistics

Radiated Power:  0.00204391W  0.000893896 W  0.00115021 W
Radiation Efficency: 93.90% 41.06% 52.84%
System Effidency: 81.76% 35.75% 46.01%

AV KEYSIGHT

mag(S-parameters) v. Frequency

Scalar v. Scalar

A : ¢

225 [5.0988338dBi,25814°] . 315

S~ 7-— N A

LV

" T T 1
[ | [ T |
N T
-1 . I I |
| | | |
| | | |
] 1
_ | | I i | ; P :
| | | o o $
5 5 | | | | | . Rt XX
g | | | | i 0.20542 + 0.29521 )) at 2.47
? EEsaissanaas P
/
i o1 | i
@
E I
m
5 -5 I o
a
;
o -6 :
3 |
E | \
-7 | | | 0.2
I I I
} | |
B ! — 2.475 GHz, -8.8824 dg
| | iv
| | |
1 12 14 16 18 2 22 24 26 28
Freguency (GHz)
Gain vs. Phi
90
i I SLAS
. [5-0986137 dBi, 90 ° | o
P 1 \
P ! b
/ - ‘\
1 { L ‘\ \
180 : {1} : {—i-0
5.09 ]

EMPro

55




5 Layout
Rectenna [Antenna_Rectifier_Demo_lib:Rectenna:layout] [READ-ONLY] (Layout):5
File Edit Select View Inset Options Tools Schematic EM Window DesignGuide Help Create  View

Demo: ReCten na DeSIg n NEH& R X9PET ¢GRS [MRZM R ~ @

M EELE O L e - [HHDEOA
Rectifier PCB Design in ADS

Epe— oL ;
UK I o fe e [,
: v bl b2l YT [EITLNE iq:v
: e B P ——————
CaEEE Wm x L4 L = g
— e
L
e \
= o
o =
R
~
B T
B
ports
- bound
sk screen
/ { - 5 silk_screen2 o
(@] weoncannc: | @ R —f— //g:::fu case_dimensions  [FEg]
vt R -
HamaricEsianz Frel .“‘
= nr—— [ rr—— < , o
i e ] < ] B o o) — T —
- . . poss | 4 foasiss | B e | 287238 Lom: -
= Schematic D + —
e chemaltic pesign

Impedance Matching Analysis

ADS
Rectifier o= o o=
schematic_Full_EM_Analysis A 2 -
X1 o o mlHTEE)
e e S essgy  mmisd
= I
@ =
s} 3
2 E
=3 :
E vit 5 [ |
= P_1Tone - ¢ R
P PORT1 7 MELES Rl
3 Num=1 AEZ SRS R=10 kOhm rnamnn
rE L 2250 Ohm Ot eats
P=domtow(Pin) 2 R
B Freq=2.475 GHz B " st
= s = =
4= m2 : E] AR e
ARS T T [rea=2a75GHz VAR
ADE S(1.1)=0.017 /-165567 Pin=0
impedance = 48 367 - j0.413
P
S
e -
_ oz
= = m2 | - - 5 e
= = T
g = | [@%] searaverers | [ ] marvonceatance | [ coaL ][] opnm | .
1 / S_Param HarmonicBalance Goal Optim 1=
£ sP2 HB1 OptimGoalt im1 Fut s
Start=1 GHz Freq(1]=2475 GHz Expr="dB(S(1,1))" OptimType=Random LT
Stop=3 GHz Order{1}=3 SiminstanceName="SP2"  Maxkers=1000
. Step=0.005 GHz SweepVar="Pin" Weight=1 DesiredEror=0.0
i Start=-30 StatusLevel=4 ==
Stop=18 FinalAnalysis="None" Sut
i i i i i freq (1.000 GHz to 3.000 GHz) \/\/\kﬂ_ﬂ_l_ Stop=1 NormalzaGonié*yes =
30 25 =20 -15 10 L] 0 5 10 %5 E
Pin

Optimization/Tuning to fine tune

design performance
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Advanced
Design System

| Test Bench simulation with RFPro Generated EM Sub-Circuit + Tuning |
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915MHz RF Energy Harvesting Variable Pitch Angle Helix Antenna Design

Integrating 3D Antenna and PCB Circuit Design

Tutorial 7: 915MHz RF Energy Harvesting Variable Pitch Angle
Helix Antenna Design

Demonstration of Integrating 3D Antenna

Design with PCB Circuit Design -

Practical RF Design
with Keysight ADS: 7

915MHz RF Energy
Harvesting Variable Pitch
RFPro simulation done with Antenna Angle Helix Antenna Design
mounted on PCB Board

Antenna imported from 3" party tool into

EMPro, followed by into ADS A Innowave

Impedance matching with Modelithics
component was done together with DR.PRAGASH SANGARAN
Antenna and PCB Board

ANV KEYSIGHT YouTube Link: https://www.youtube.com/watch?v=w6Ca52H__8k


https://www.youtube.com/watch?v=w6Ca52H__8k
https://www.youtube.com/watch?v=w6Ca52H__8k

Another use case of EMPro and ADS Integration
Reference — RF PCB - HD TV Tuner with Embedded CPU

52 01EMC MomRF (Schematici32 - 8 x =
fle ot jelet View Imen Optons Tocls Layow Siulsie Wi Ak, Gesigniuide DM Ago-One e #4 02_EMI_MomuW [page 11:19 o x
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eo NEEE b X9 7@ 4 LLEQE soom | EEER -
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= o A e ] e g% | Digital RF Signal at
e ! e wﬂﬁ_,ﬂ i = Interference ¥" Tuner Input

]
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&
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& '~_) Dataset="DVB_Src.ds" odb 01 2 = @ &

S ST Il RF_Tuner_and_Data_MomRF o Dit |
& -] Freq=a74 Mtz - Bt 0 . Temn_Difft £

. ) - 4 Load=100 Ohm . . 5

[} = /o=l | 2
g T °
- — ——— | Differential Digital OlAl | &
| DVB-T RF Source ' s PRBS Signal 2
E . VPRBST — . . o .. Tran . . — — - - m
i Mode=Maximal Length LFSR . _ Tran1 5 5 L =l
'g - RegisterLength=8 StopTime=50 usec -
i3 Viow=-1V. MaxTimeStep=10 nsec -
T e Vhigh=1V i
T‘E Rout=50 Ohm “: -
[ - BitRate=5 Mbps -
= - : B Ly R L B B B L
= A A A 00 041 02 03 04 05 06 07 08 09 10
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[Foaie , < >
Seect Cick and diag o seect. oitems s devicesdaming 3688,4250 1063, 0938 in page 1
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Shield Shield

Spectrum_RF
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RF PCB - HD TV Tuner with embedded CPU Application Notes
ANV KEYSIGHT https://edadocs.software.keysight.com/eesofapps/rf-pcb-hd-tv-tuner-with-embedded-cpu-577603432.html
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General Introduction to EMI/EMC simulation with EMPro



Demo: EMC Simulation with EMPro

Plane Wave Excitation on Rackmount Chassis Crne. Moty Beoom Vi
B2 & - + & N ~® BOOBADALBY PR 299D

f & Name: |Theta=45 Phi=-90 Type: Plane Wave 4

Incident Phi: |-90 ®
Incident Theta: |45 °
Polarization: EPhi @ ETheta
Waveform: |BB =
Amplitude: |1V

) ) Ex: 0.000000 V/m - -
CErmT e By Plane Wave Excitation

Ez: -0.707107 V/m X X
Configuration

Electric Potential v. Frequency
m— | FFT(V ) |, Theta=30, Phi=-90
le-07 | FET(V ) |. Theta=45 and Phi=-90
9e-08 2 Plots showing different
plane wave excitations at

Ry different incident angles
% 7e-08 42692 GHz, 5 404e-08 uv |
S 6e-08
c
o e [ 63562 GHz, 2 8366e-08 uv |
8 59-08' 22199 GHz, 2 859e-08 uV |
o [ 5.3351 GHz, 2.2736e-08 wV |
o 4e-08
w

-
3e-08 S .
] .
2e-08 i | [ 7.088 GHz, 3.3102e-08 uV |
! _
5§
1le-08 _ -
Near-Field Sensor
0 T
Frequency (GH2)
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Demo: EMC Simulation with EMPro

Plane Wave Excitation on Rackmount Chassis

Transient E-Field Plot using Plane Wave Excitation

Create Modify Boolean View Create Modify Boolean View
B e - 14NN O BDOOBABALAZY $REGLEHYDOOODFY @€ o - - s N~O® DOOBADBALAZY $RBLGLEDOIFYD §€

Plane Wave
Excitation
direction

AV KEYSIGHT



Demo: EMI Simulation with EMPro

EMI Emission

B & reme:

100 MHz Pulse Lono

T User Defined
Import Waveform Data.

W\ T rw il

"N‘uk!ﬁ\@\‘-

oe S«

Saa 3
Tim o

Nagnitude (d8)

Custom Waveform Import
2 through .csv file
:,o =K “ uu““ “ﬂ lJl Jlﬂ ln, al e | ot 1 ; ESEE

7
e i ey 0 =

BB M1 Emissior slatior

&  smulation: 000001: FOTD  ~ Sensor: Far Zone Sensor

Available ports:

| Port Name Excitation (Voltage)
pl 100 MHz Pulse Long
p3

100 MHz Pulse Long

Distance for emission
levels to be calculated

AV KEYSIGHT

Port = Excitation

n |ImportFie... |

Amplitude Multiplier

[T

Plot Options

® E Field for Specific Location

Maximum E-field over All Locations
Independent Axis: Frequency ¥

Theta (37): 0
Phi (73): (0

3] o0.0°
$ o.0°
Radial Distance : 3m

Target Graph: New Graph

Impedance (Series)
(50+0j) chm
(50+0j) ohm

Amplitude Multiplier
-1
1

Differential or Common mode
excitation configuration

Port = Impedance

Real: [50.0 chm ]

Imaginary: |0:0 ohm

FFT Sampling timestep: “maxFreq)

Create Modify Boolean View

b (4] -

EMI Emission Calculation
tools for emission level

- computations
|

+ &N~ DOOSBALAD A=Y ¢

R -

»

Differential Pair on PCB
for Differential and
Common-Mode Signal




Demo: EMI Simulation with EMPro

EMI Emission

ﬁ Diff and Comm Max Emission at 3meters no slot gnd with 100MHz data

File View Marker EMI
CEBEOXEOFRT 4 ¢ o
60 Electric Field Strength v. Frequency
i_-________.__._________.__.____________.______
50
! Maximum E Field (Differential Mode)
e — —— — FCC Part 15 Class B at 3 m (Average)
— Maximum E Field (Common Mode)
40—'
£
=
=2 30
m
=)
=
=)
c
o 20
in
o
o
[N
v 10
o
@
w
0
1 | ] h
-10 |
| | 1l
v ! i I | |
HEEEENARRENE I | M R . AT TER
ol LI THTT (111 I | [ L0 1A CTAYH I I Il
1 2 3 4 5 6
Frequency (GHz)
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Demo: EMI Simulation with EMPro

EMI Emission (with Slot added)

Slot added under the differential pair to simulate the
effects of discontinuities in the PCB Ground Plane
(See Green arrows)

AV KEYSIGHT

¥

-l

Create Modify Boolean

B2 2

View

Geometry

&N~ O DOOBADL=Y
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Demo: EMI Simulation with EMPro
EMI Emission (with Slot added)

Slot has increased emission levels

Diff and Comm Max Emission at Imeters slot gnd with 100MHz data

File |View | Marker EMI
AEEOX[COFAR T+ ¢ o

Electric Field Strength v. Frequency

60
""" ] 4T —— T+
50 ! Maximum E Field (Differential Mode)
Maximum E Field (Common Mode)
_:l_ T = —— — FCC Part 15 Class B at 3 m (Average)
40
E
=
% 30
E 20
IIE 10
£ , | 1
TN i WL Wi 1L
I | N Ll \l W il
I | ILJII.II I I IIIU I ull IIII\}IUI
- I I l IIII 'I'II IIII III o Il 1"I v II
I (NN [l .III ey I e II_I I,HII IIIII
20 I1 I III2 Al IIIII.IBII 1L IIIII4ILLIIII | IIIIII.I?IIIII | IEIIIIIIIII ”IIIIIIII?II

Frequency (GHz)
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Keysight PathWave Design EMI Solutions

PEPro — Conducted and Radiated EMI for Power Electronics (DC-DC Converter, etc...)

shiftedsw

SWltCh node Wlth probe ‘iu:kE,:inv:::v};[ﬂh::k,:::\uup,li;:)bu:gunverter,v}:pepr:]l(PEPm [£:5)) El@
70— Ol
S i BE g
E 607 [ v | parameters
° ] B |
> 50— it ©
< — &~
§ 40— g
S i [l ) D
< 30— = -~ R saw &
S Simulation B =
% i L~ [F Graphs Eﬂ
£ 0] Measurement e
D -
0 %
- ‘k
'1 G T TT I T T TT I T TT I T TT I T T TT I T TT I T T TT I T T TT P E P rO b
91.90 9195 92.00 92.05 9210 9215 9220 9225 92.30
time, usec te Stb e n C h Dllectrcs | sold | | wheframe | | ride
Transhicgptiieus ()
Highlight Mets: E] xr T - o =
I 1 | Virtual [
Current CrOWdlng (red) shown using EMI Receiver — Spectrum Analyzer Conducted and radiated EMI
CI rCu It eXCItatI O n = : | CISPR 25, Class 5 Compliance: Total Noise (peak)
o N\ R £DS 907_
» » » Sﬂ—i

Voltage [dfuV]

Power ' Electronics I
Source . LISNs II Under Test l. Load
“Mains” l (EUT) l

Inserted between the power source and the EUT DeSigneI”S
circuit

NO'0S 4
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Keysight PathWave Design EMI Solutions

Setup [

PEPro — Conducted and Radiated EMI for Power Electronics (DC-DC Converter, etc...) m

» For this controller, the RiseTime and FallTime in Transient PE are from PEPro SMPS
frequency plan.

» The Data Display shows the peak spectrum (total, differential / common mode noise)
of SMPS noise calculated from the Linear Impedance Stabilization Network (LISN)
output according to the CISPR-25 requirements of the frequency range and spectrum
resolution RBW.

Specify the last N switching cycles
to compute and display data. Ifthe

length of transient data is less than the
requested, all data points will be used

ﬁ‘;:f:l':ﬂske x’e' e data spedified [PEPro Conducted EMI Testbench Results (CISPR-25)|
E-c00
| cisPR 25 Clas 5 Complnce Tt o (e  9PR 24 G Compllrce: Dol Modo e e 18P 2, Ciase  Complance: Cammon Made Noiso pest)  Spectnum Analyzer frequency bands (Hz)
. : o 7 T s ¥
o o] T
R ! T
B i
> ) |
B T T T . T T T
H g g H g H H
H gg g g EH
ea re e
Input Voltage (last N cycles) LLoad Voltage (last N cycles) Load Current (last N cycles)
554 |
. 24 o s 2] I 2] ’\ ‘I \'\ ” \ (\( f
2.
T e
EE ,J.. \U \..& i
5 H LR FALERRARARLL
]
e, moec e, mosc me, maec -
Input Voltage (all time points) Load Voltage (all time points) EMC Noise Components Input/Load Current Spectrums.
.
2 2
g g g
foq b
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= T2 Results

* ~ S-Parameters

[ NearField

-4 FarField
b :'.,.'.;I- Generate Sub Circuit..,
:'.,.'.;I- Generate Voltage Spikes Test Bench...

#% Generate Conducted EM| Test Bench...

""" w'ﬂ- Generate Radiated EMI Test Bench...

~ Conducted EMI Test Bench (CISPR 25)

() east o TRANSIENT PE
= q E

2.0 MHz

Chassis.Groundy

gFreq ansientPE
- " RippleFreq=1.0 kHz TranPE1
e plate RiseTime=10.0 nsec Start AT
9
Fevro co ductedEM|_Display” = el
. ... Power supply wiring . ) me=RiseTime
m | gauge E i 5Emm) FalfmeFaiime
wi
! € 2 re=190 nl
SN . . .
. LSN1 CISPR2S. 2o Lin . L L —
i Ri= UsN SLwi r
=5u =R CptPE1
+ 1=0.1 ul s VB DUTL Temp=25
= o=t oa Tnom=25
2 R u d V_RelTol=1e-3
JInput = VZAbsTol=1e-4
| ; R IRefTol=1e-3
undy : I-AbsTol=1e-6
Power suppw yanng (2) L§ L4
; = 10 gauge { 12 Sgmm), 3 L=Lwire L=Lwire
e - 2 . e §o5 vam) wong ) ReRwire ) ReRire
LISN2 CISPR25 &)
Ri=1 kOhm LISN L=Lwire
L1=5 uH 41 R=Rvirgy
© Ci=0AWF e T
C2=1uF RS
R=50 Chm d

AR
VAR
stariT=stop T-600/SwitchingFreq
stopT=1/RippleFreq

The EM analysis result of the board and the

mounted parts are automatically placed as
a sub circuit.
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Keysight PathWave Design EMI Solutions

4} Frequency Plans

Fraquencies Fizlds Storage

All Frequencies from the Frequency Plan and the Mesh Frequency

No Field Data

PEPro — Conducted and Radiated EMI for Power Electronics (DC-DC Converter, -« u oo b Simulator

» You need to check Enable Far Field in the Field Storage tab of Frequency Plans
in Options and select Momentum Microwave or FEM in Preset of Simulator.

» The built-in far-field solver in PEPro can help user obtain far-field radiation
patterns under specific excitation. The far-field data, including electric field
strength and radiation power, can be examined directly in PEPro.

W

Layout

| | Total E | | (V/m)

0

rasitic Extraction-All Nets): E-Field (E)

9.99e-06

2e-05

AV KEYSIGHT

Layou

| | Total E| | (V/m) &
9.99

it

06

Far Field

‘resst:

| Enzble Far Figld
Angular Resclution: 5 deg

Momentum Microwave - [:]

Momentum RF ‘

Momentum Microwave

wimiulztor: FEM

desh density: |20 cpw

Setup

" :[:] Ports
_E':l Component Models

"H‘ Options...

Results

S-Parameters

(@ mear Field

@ FarField

Radiated EMI Test Ber

Please connect the input/output pins of DL
the test bench. Add additional sources/load
simulation is complete, use this result as a

PEPro -> Analysis -> Results -> Far Field -> Setup -> Excitation Type

:{-'\FI- Generate Sub Circuit...
> :{-'\FI- Generate Voltage Spikes Test Bench...
:{-'\FI- Generate Conducted EM| Test Bench...

E Generate Radiated EMI Test Bench...




Keysight PathWave Design EMI Solutions
PIPro — Conducted EMI and Radiated EMI for High-Speed Digital Boards

Copy DC/IR Drop Analysis
for switching regulator to
CEMI Analysis

PIPro CEMI Analysis automates the
differential setup and generic large
signal switching model.

O
4 N\

AV KEYSIGHT

DC IR Drop Current Density

CEMI EM Analysis automates ground plate reference ports. Populates
a generic switching model for large signal switching noise. HB
simulator for fast steady state frequency and time domain results.

File Edit View Tools Help 3 C —0—xn
Project (e]lx] 5o VRM Editor.
WRM Type: | Power Connector -
o
“ Materials Nominal Output Voltage (Ved: | 12V

™ Bondwire Definitions

setup

VCC1Z_...

& U175.10: VCC12..

Resistance (R): | 0 Ohm

[ cutput Voltage Negative Variation:

Inductance (L): |0 mH

St VRM Editor

VRM Type: | Discrete Buck VRM -
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mEmission [cemi_analysis]

File Window
i ]
ﬁ

File View Marker
BEEOX=AR T

Magnitude v. Frequency

50 Hh
S

Magnitude (dBuV)
N
5]

[m] x

P ®

Geometry

®

ulations
®

Si

3

=]

ata
Parameters
Seripting

< ®
Editor (3) w

& U175.4: GND
& U1755: GND Nominal Output Voltage (Ved: |87V 10
[EEN] Switching Phase USwitch
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“ Component Models iehing Frequency: = File View Marker
. Options... Switch Node Rise Time: | 1ns
g x 03
@ Run e EOX R T
B = Result SinlcEditor, = :
— Magnitude v. Time
Emission =
{47 Generate Conducted.. DC Current (Iad: | 12A 001} i
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Keysight PathWave Design EMI Solutions
PIPro — Conducted EMI and Radiated EMI for High-Speed Digital Boards

CEMI Export to ADS Test Bench Schematic

Switch between component

models.

=
- a1 Tet o
Fetcn

Simple switch model is
easy to modify or replace
with higher fidelity models.

Data Display Results

1) Toggle between data sets.

sic531_demo_00_em_CEM|_testbench [Page 1 : PIPro_ConductedEMI_Display]:0

File Edit View Insert

Paletted X

0

4|

|

|

00

N

B Ol /EREHSG OH

Marker History Options Tools Page Window Help

NEH& M X9 @ &@GdDE 5 sesa1 demo o0 em cevi 1 | [E51 (G [ ]

Tin_mean Toad_mean

/
4

Conducted EMI Testbench Results (CISPR-25)
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6551 5.037

Switch Node Voltage

mi} w I
oo

R L W 8 P
90 02 04 05 08 19 12 T+ 15 18 20

2 B
8 8

fraq, Hz

a 8
8 8

faq Hz

Input Voltage Input Current Load Voltage Load Current
s
. 22
= s 2
3 2a-|
o s H
] =
7 2m
B L P R R 2 Rt L 0 Y Y
PREAE R AR o oz o4 ok s 18 o2 b g gk 1b 1z 4 15 13 2
. sec i c me. usec
Input Voltage Spectrum Load Voltage Spectrum Input/Load Cument Spectrums

ccccc

AV KEYSIGHT

Ll

15 =] 1 ' =R

uuuuuu

uuuuu

| “*1

&
fraq. Hz

EMC LISNVnand Vp Noise Spectrum

k

Foos

Faor

t 1y
" 15
fraq, Hz

I
129 22

g
fom 2
m Z

fom 5

Y8884 Es

mmmmmm

mmmmmm

L

g g 5 g

8
@ a

Harmonic Balance simulates in minutes not hours! ———




Keysight PathWave Design EMI Solutions
PIPro — Conducted EMI and Radiated EMI for High-Speed Digital Boards

Radiated Spectrum Vertical and Horizontal Orientation and Setup Options

ﬁ Radiated Emission [cemi_analysis] (G:\ads pi\CEMI_Examples\2023 ADS_PIPro_CEMI_Demo\PIPro_Conducted EMI| Example wrki\simulation\sico31_demo_r3_lib\sic531_demo_00_em\sic531_00_cemi\000002\000003\emds_dsn\design\circuit\design2.ckt.d

File  Window Radiation Contributors
m — Result Selector
File View Marker EMI (s PCE and Cable -
PEEOREART ¢ ¢ o
Graph | Axes | Flot % Vertical X )
= T % Horizontal COrientation
Title: |Frequency Min:  1MHz ® Auto Title: | Magnitude Min: | 0 dB(uV/m) Auto Ben(:htnp Aﬁgn |'|t:
Units ~ Max: | 1000 MHz Auto Units ~ Max: | 60 dB(uV/m) Auto
FontSize (14 % FontSize (14 | % T LISN-CBblE-PCB —
Magnitude v. Frequency PCB and Cable hd . .
PCB Orientation:
‘Orientation
. Benchtop Alignment: Topside Towards Antenna -
LISN-Cable-PCB h
- PCB Orientation: PCE Rotation:
Topside Towards Antenna -
.5 a 1 PCB Rotation: 0 Degrees i
4 H LT 0Degrees -
A
A~
40 I S & ) alt, View From Antenna view From Antenna
» * 4 A
= y
R 4
H p! P PCB
@ ry
25 s y cable
e [T ok
2 s
2
r'y
20
Simuiation Dataset cable | H =
15 Default CEMI Dataset L I S N
& Default CEMI Dataset Browse
10
s
) o T 03 ) .
Simulation Dataset
Default CEMI Dataset
(] . Default CEMI Dataset Brawse
\ U4

- - Common mode currents on a cable can radiate. PIPro
N Radiated EMI shows results with and without the cable.
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Conclusion



Conclusion

v'ADS provides efficient and accurate EM-Circuit simulation workflow for design covering ICs,
Modules and PCB Designs

v'EMPTro provides great insights for 3D Modeling EM simulation

v'Integrate PCB and 3D component design with both ADS and EMPro

AV KEYSIGHT
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Leading communication product design

RF & Microwave |

e

& =, 1
HeatWave

IC-CAP Er
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High Speed Digital |
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- - MMIC, — RF Board
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Design System
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circuit designers
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- 3D EM — IC electro-

thermal analysis
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208 — Device Modeling _ Device Modeling
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= Custom Models i
AP Measurement MBP

MQA

— Model Quality

Assurance

System Level Design

SIPro
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design for High — Electronic
Speed Digital System
Level
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PlPro
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design for DC
power distribution

Power Electronics |

network
PEPro
MemorvDesianer - Power Electronics
Y ) high speed switch

— Designs DDRA4,
DDR5 Memory
modules

mode power supply

WaferPro
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Express — Advanced Low-
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automated il Analyzer
WaferPro
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