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Introduction
Å Basedon Finite differenceTime-Domain(FDTD),it can be usedto model passive

structures, active components,and complete RF & millimeter-wave modules.
including power amplifiers, switches, filters, active antennas, and complete RF
modules such as antenna-switch, switch-filter, switch-filter-amplifier, and front-
endmodulesάƛ.e. MMICandSiP/SoCάwith no approximations.

Å Thismethod is an accuratealternative to what RFdesignersare usingtodayάƛ.e.
modelingthe activeand passiveparts of the chip usingseparatefield and circuit
simulators,followed by combiningthe resultsemployingsimple approximations;
without taking the effect of electromagnetic field-coupling, radiation, and
interferenceinto consideration,έwhich leadsto inaccuratemodelsespeciallyat
highpowerand/or highfrequencycircuits.

Å EM-Suprememodels the electromagneticfields as they passthrough the active
and passivecomponents to represent the actual behavior of your chip as it
physicallyhappens.

Å The method fully supports silicon vendor-supplied transistor models, which
allowsfewer designcyclesandreducesyour time-to-marketdevelopment.

Å Thetransistormodelcanbe either physics- or circuit-based; suchasCurtice, Tom,
Statz, Angelov, aswell anyfoundrymodels.



1. RF Power Amplifier simulation
ÁDesign procedure

o Step1: Clickon Model to start the design

o Step2: go to OptionsĄUnits, set the unit mil, then go to OptionsĄSettings,
makethe followingsettings:

Metal at Bottom: Yes; Radiation: No,FrequencyRange: 1 to 10GHz

o Step3: SetDx=15, Dy=10.3 andDz=10at the control panel

o Step 4: go to Chip Designer,select ChangeGrid Dimensions,and set the
dimensions40x95

o Step5: start the metaldesignby goingto EditMode,andthe completedesign,
At the end,yourmetaldesignshouldlook like:



Cont.
o Step6: Saveandclosewindow to get out of chipdesigner,andclick on and
placethe FETcircuitmodelat the centrallocationbetweenSquare5 andSquare6.

Thespecificequivalentmodelandits associatingparametersareshownbelow:

Users are free to import any other models working for them, such as 
TOM, Statz, Angelovetc.

Theoverall 3Dmodel



Cont.
o Step6: gobackto control panel,andaddtwo ports to finalizethe design

o Step7: by selectingNo for large signal in Settings,we canrun the smallsignal
simulationfor thisdesign

o Step8: Clickon Resultsto checkthe simulation results: you can checkthe
resultsin both rectangularandsmithchatviews.



Cont.
o Step9: Usersare free to play their designparametersto achieve optimal designs.
We are goingto changethree parametersto checkthe variationsof the S-parameters
againstparameterchange.

1. Ls = 0.1, 0.5 and 1nH
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Larger Ls introduces deeper feedback at the source, which lowers  the gain at 
the lower frequency band.
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2. Cgs= 3, 6 and 9pF

Changing Cgsaffects the impedance match at the lower frequency band.
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3. A1 = 0.2595, 0.3595 and 0.4595

Because gm is proportional to A1, the gain at lower frequency band is 
enhanced with the increase of A1. 
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ÁLargesignalresponses

By setting Yesfor large signal simulation, you can also obtain the large signal 
response (shown below).



Cont. Input Power versus Output Power in dB
Still, Users are free to play their design parameter to achieve an optimal design.   We are 
going to change three parameters associated with FET to check their effect on large-signal 
performance.
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1. Ls = 0.1, 0.5 and 1nH

fundamental

1st Harmonic

2nd Harmonic

Larger Ls introduces deeper feedback at 
the source, which lower the large signal 
gain at the lower frequency band as 
well.

Input Power versus Output Power in dBm
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Cont. Input Power versus Output Power in dB

fundamental
1st Harmonic

2nd Harmonic

Larger Cgsreduces the linear range of all 
three components.

2. Cgs= 3, 6 and 9pF
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fundamental 1st Harmonic

2nd Harmonic

Larger A1 increases the output power 
within the whole input range for the 
fundamental components.

3. A1 = 0.2595, 0.3595

0.00E+00

5.00E+00

1.00E+01

1.50E+01

2.00E+01

2.50E+01

3.00E+01

3.50E+01

A1=0.2595

A1=0.3595

-2.50E+01

-2.00E+01

-1.50E+01

-1.00E+01

-5.00E+00

0.00E+00

A1=0.3595

A1=0.2595

-2.00E+01

-1.80E+01

-1.60E+01

-1.40E+01

-1.20E+01

-1.00E+01

-8.00E+00

-6.00E+00

-4.00E+00

-2.00E+00

0.00E+00

A1=0.2595

A1=0.3595



Example two: RF switch simulation
ÁDesign procedure (case without vias)

o Step1: Clickon Model to start the design

o Step 2: go to OptionsĄUnits, set the unit Microns, then go to
OptionsĄSettings, makethe followingsettings:

Metal at Bottom: Yes; Radiation: No,FrequencyRange: 1 to 50GHz

o Step3: SetDx=15, Dy=33.3 andDz=10at the control panel

o Step 4: go to Chip Designer,select ChangeGrid Dimensions,and set the
dimensions43x30

o Step5: start the metal designby goingto EditMode,andthe completedesign
for thiscaselookslike:

Bridge



Cont.

o Step6: Saveandclosewindow to get out of chipdesigner,andclick on and
place the Pin Diode circuit model at the central location between Square1 and
Square3.

Its associatingparametersareshownbelow:

Theoverall 3Dmodel



Cont.
o Step6: gobackto control panel,andaddtwo ports to finalizethe design

o Step7: by selectingNo for large signal in Settings,we canrun the smallsignal
simulationfor thisdesign

o Step8: Clickon Resultsto checkthe simulation results: you can checkthe
resultsin both rectangularandsmithchatviews.



Cont.

ÁLargesignalresponses

By setting Yes for large signal simulation, you can also obtain the large signal 
response ά{Ƙƻǿƴ ōŜƭƻǿέΦ
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o Step9: Usersare free to play their designparametersto achievean optimal design.
Wearegoingto addtwo Viasbetweentop metalsandground.

Vias
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ÁResultcomparisons

Both performances άƛΦŜΦ {11 and S21άŀǊŜ improved by adding vias.  The S11 behaves well up to 50GHz, 
while S21 is deteriorated when frequency increases.  



Cont.
o Step10: Usersare free to play with their designparameter to achievean optimal
design. We are going to changethree parametersassociatedwith PINto checkthe
variationsof the S-parameterperformance.

Larger contact resistance deteriorates the ǎǿƛǘŎƘ ǇŜǊŦƻǊƳŀƴŎŜ ά{ммέ ǿƛǘƘƛƴ the 
whole frequency range. 

-1.60E+00

-1.40E+00

-1.20E+00

-1.00E+00

-8.00E-01

-6.00E-01

-4.00E-01

-2.00E-01

0.00E+00

2
.0

0
E-

0
1

3
.0

0
E

+
0

0

5
.8

0
E

+
0

0

8
.6

0
E

+
0

0

1
.1

4
E

+
0

1

1
.4

2
E

+
0

1

1
.7

0
E

+
0

1

1
.9

8
E

+
0

1

2
.2

6
E

+
0

1

2
.5

4
E

+
0

1

2
.8

2
E

+
0

1

3
.1

0
E

+
0

1

3
.3

8
E

+
0

1

3
.6

6
E

+
0

1

3
.9

4
E

+
0

1

4
.2

2
E

+
0

1

4
.5

0
E

+
0

1

4
.7

8
E

+
0

1
Rr=0.5

Rr=1

Rr=2

S11 versus frequency (GHz)

-3.50E+01

-3.00E+01

-2.50E+01

-2.00E+01

-1.50E+01

-1.00E+01

-5.00E+00

0.00E+00

2
.0

0
E-

0
1

3
.0

0
E

+
0

0

5
.8

0
E

+
0

0

8
.6

0
E

+
0

0

1
.1

4
E

+
0

1

1
.4

2
E

+
0

1

1
.7

0
E

+
0

1

1
.9

8
E

+
0

1

2
.2

6
E

+
0

1

2
.5

4
E

+
0

1

2
.8

2
E

+
0

1

3
.1

0
E

+
0

1

3
.3

8
E

+
0

1

3
.6

6
E

+
0

1

3
.9

4
E

+
0

1

4
.2

2
E

+
0

1

4
.5

0
E

+
0

1

4
.7

8
E

+
0

1

Rr=0.5

Rr=1

Rr=2

1. Rd= 0.5, 1 and 2 hƘƳǎ άŎƻƴǘŀŎǘ ǊŜǎƛǎǘŀƴŎŜ ŜŦŦŜŎǘέ

S21 (dB) versus frequency (GHz)



Cont.

The saturation current does not affect the switch performance.

2. Is = 1e-14, 5e-14 and 10e-14 A
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Cont.
Users are free to play their design parameter to achieve an optimal design.   We are going to 
change three parameters associated with PIN diode to check their effect on performance.

1. Rd = 0.5, 1 and 2 Ohms
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Largercontact resistanceincreasesthe output
power of 1st and 2nd harmonic components
within the whole input power range, but the
fundamentalonenearlyremainsunchanged
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Cont.

fundamental

1st Harmonic

2nd Harmonic

Ls ŘƻŜǎƴΩǘ affect the large signal 
performance either.

2. Is = 1e-14, 5e-14 and 10e-14 A
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Conclusion

ÅTo sum up, EM-Supreme® models field distributed-effects, 
coupling, radiation, as well as parasitic effects at  RF and 
millimeter-wave bands; for active, passive, and complete RF 
modulesάi.e. integrated active and passive modulesέ

ÅTechnology supported includes, but not limited to,: PHEMTS, 
Silicon Germanium, Gallium Arsenide,  AluminiumGallium 
Arsenide, Indium Gallium PhosphideI.¢Ωǎ ŀƴŘ tLb ŘƛƻŘŜǎΦ 

ÅUsing this tool, the RF designer can model CMOS as well as 
Gallium Arsenide and Gallium Nitride FETs.

ÅEM-Supreme® is the only tool an RF designer will ever need 
for all of his MMIC and SiP/ SoCModeling needs.


