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A

Basedon Finite difference Time-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 antennaswitch, switchilter, switchfilter-amplifier, and front-
endmodulesa.d MMICand SiPSoGiwith no approximations

Thismethod is an accuratealternative to what RFdesignersare usingtoday .4
modelingthe active and passiveparts of the chip usingseparatefield and circuit
simulators,followed by combiningthe results employingsimple approximations
without taking the effect of electromagnetic field-coupling, radiation, and
interferenceinto consideration,€ which leadsto inaccuratemodels especiallyat
high power and/or highfrequencycircuits

EM-Suprememodelsthe electromagneticfields as they passthrough the active
and passivecomponentsto represent the actual behavior of your chip as it
physicallyhappens

The method fully supports silicon vendorsupplied transistor models which
allowsfewer designcyclesand reducesyour time-to-marketdevelopment

Thetransistormodel canbe either physics or circuit-based suchasCurtice Tom,
Statz Angeloyaswell anyfoundry models
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A Design procedure

0 Stepl: Clickon Modelto start the design
0 Step2: goto OptionsA Units, set the unit mil, then go to Options4 Settings
makethe following settings

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

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

I etal Parame! ters
Biidge Depth [Dy)  [3.000 (el S2tasten Fieq Range 100 1o [1000 Gz Frequency Sweep 0,100 GHz
Line ‘width (mi) [1.000 Radiation | Mo > Substrate Loss Tangert |0.00000
Parts | Single - Port Reference (nDz)  [20.000
Metal at Battom | Tes -
LargsSignal (Mo =]
Metal Thickness (mi] |0.00000 arge-aignal
Conductiity [000000 108 S/m Mesh Density | 20.000 cells/wavelength
| Show 2D Grid
oK

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

0 Step5: startthe metal designby goingto EditMode, andthe completedesign, —»
At the end,your metal designshouldlook like:
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0 Step6: Saveand closewindow to get out of chip designerandclickon [} and
placethe FETcircuitmodelat the centrallocationbetweenSquares and Squareb.
Thespecificequivalentmodelandits associatingparametersare shownbelow:

Endz

510,000
From ketal Squareh
To kdetal Squareb
Source Impedance R0.000
Load Impedance 50.000
Cgs0 2.000
Cod 0200
iz 0.E00
Lz 0,100
Lg 0.050
Ld 0.050
Al 05304
Al [0.2595
a2 -0.0542
B3 -0.0305
Alpha 1.000
Ri 1.000
Rz 0,700
Ra 0,500
Rd 0,500
VGG -0.810
WD 18960
Signal Simulationz Large
Temperature 300,000
Power Sweep [dbm) 10,000
Power Sweep Min [dbm] 0.000
Paower Sweep Max [dbm] 30.000
Input Fregquency [GHz] E.000
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Usersare free toimport any other models working for them

TOM,Statz, Angelovetc.

Theoverall 3D model
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0 Step6: gobackto control panel,andaddtwo portsto finalizethe design

0 Step7: by selectingNo for large signalin Settings,we canrun the smallsignal
simulationfor this design

o Step8: Clickon Resultsto checkthe simulationresults you can checkthe
resultsin both rectangularand smith chatviews
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0 Step9: Usersare free to play their designparametersto achieve optimal designs
We are goingto changethree parametersto checkthe variationsof the Sparameters
againstparameterchange

1.Ls=0.1, 0.5 and 1nH
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-5.00E+00 \ 0.00E+00 /-
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S11 versus frequency (GH: S21 versus frequency (GH:

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
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ChangindCgsaffects the impedance match #te lowerfrequency band.

S11 versus frequency (GH:
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dB
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3. Al = 0.2595, 0.3595 and 0.4595
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S11 versus Frequency (GHz)
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S21 versus frequency (GHz)

Because gm roportionalto Al, the gain at lower frequency band is

enhanced with the increase oAl.
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A Largesignalresponses

By settingYesfor large signal simulation, you can also obtain the large signal
responsgshown below).

32 — F ndamen_taj "]
30 — 1EtHarmoni R

dBm (Pout)

10 12 14 16 18 20 22 24 26
dBm (Pin)
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4.00E+01

Cont Input Power versus Output Power in dB

Still, Wsersare free to play their design parameter to achieve an optimal design. We are
going to change three parameters associated with FET to ¢hetkeffect on largesignal

performance.

1.Ls=0.1, 0.5 and 1nH

3.50E+01

3.00E+01

/
//

2.50E+01 //
2.00E+01

e |_$=0.1NH

1.50E+01 /

1.00E+01

= [5=0.5nH

5.00E+00———fundamental

0.00E+00

Ls=1nH
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1.90E+01
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2.60E+01

Input Power versus Qutput Powerdfim

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

well.
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1.00E+01

2.Cgs= 3, 6 and 9pF

5.00E+00
3.50E+01
0.00E+00 = CQgs0=3pF
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3. Al = 0.2595, 0.3595 e N~
. - Y- ) V- . > %XQ'\, %XQ\, <<:<°\/ <<:<°\/ Q}‘QNQ,XQN N %XQ'\, <<3‘°\/
A1 QY QY QY (OY OV QO Q¥ LY
3.50E+01 -5.00E-+Q0 A N o, S
3.00E+01-
—_— -1.00E+01
2.00E+01
-1.50E+01
1.50E+01 ——A1=0.2595 i
L ooEs0L fundamental NS / 1st Harmonic
5.00E+00 /
0.00E+00 T T T T T T T T T . ) -2 50E+01
NERNERSERNERNER NSNS ER N ER N R e
C & C S EE S L
'\,\’Q '\,’9 '\,0’0 '\,Q '\,Q '\,("Q o '\,Q »qQ’LQ’L'\’Q 0.00E+00 —— 1
'200E+00_< X x X X X X X X x X
4.00E+05. R S AR
Larger Al increases the output power 6.00E+00
within the whole input range for the 8.00E-+00
fundamental components. 1.00E+01 /é/ﬂ\
-1.20E+01 / / \
-1.40E+01 1>
-1.60E+01- nd
-1.80E+01

-2.00E+01

= A1=0.3595
= A1=0.2595

= A1=0.2595
= A1=0.3595



= Example two: RF switch simulation

A Design procedure (case withowias)

o Stepl: Clickon Modelto startthe design
0 Step 2. go to OptionsA Units, set the unit Microns then go to
Options4 Settings makethe following settings

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

0 Step3: SetDx=15, Dy=33.3 andDz10 at the control panel

Metal Paramneters
Color Selector Freq. Range [1.00 ta |100.00 GH E c 0100 GH
Bridge Depth [nDy) | 2.000 Sl z requency Sweep z
iation | o - 0.00000 '
Line ‘width [Microns]  [45.000 Radison (Mo Substrate Loss Tangent Brldge
Parts |Single '| Port Reference [nDz)  |10.000
Metal at Bottom | Yes | Single ¥
LargeSignal (Mo =]
Metal Thickness Microns) [0.00000 ageSignsl (No <
i 10,000
Conductivity |0.00000 102 5/m Mesh Density cells/wavelznath

0 Step 4: go to Chip Designer,select ChangeGrid Dimensions,and set the
dimension43x30

0 Step5: startthe metal designby goingto EditMode, andthe completedesign

for this caselookslike:
—
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0 Step6: Saveand closewindow to get out of chip designerand click on & and
place the Pin Diode circuit model at the central location between Squarel and
Squares.

Its associatingparametersare shownbelow:

Mame FinDiodel

Starty 300,000
Starty 100.000
Startz 150.000
Ends 300.000
Endy 1EE.EE7
Endz 150.000
Fraom bdetal Bridgel
To betal Square1l
State On

Signal Simulations Small
Hurmber of Contacts 1.000
Saturation Current 4] 1.000e-014
Turn-on Waltage [v] 0.700

Contact Rezsistance [Ohms) | 0.500

Intringic Area [cma) 5, 260e-008

Int. Area Width [cm) 2.000e-004
Technology Gats

Biaz_curent [4) 3.000e-002
Doping_M [cm-3] 1.000e+019
Doping_P [cm-3) 1.000e+018
Reverse Voltage [W] 10,000

Power Sweep [dbm)] 1.000

Power Sweep Min [dbm) 10.000

Power Sweep Max (dbm) | 20,000 Theoverall 3D model
Input Frequency [GHz] 40.000
Foundiytadel [On-State) [

Foundrytd odel [Off-State)
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0 Step6: gobackto control panel,andaddtwo portsto finalizethe design

0 Step7: by selectingNo for large signalin Settings,we canrun the smallsignal

simulationfor this design

o Step8: Clickon Resultsto checkthe simulationresults you can checkthe

resultsin both rectangularand smith chatviews
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A Largesignalresponses

By settingYesfor large signal simulation, you can also obtain the large signal
response { K26y o0Sft26¢d

25

— Fundamental
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dBm (Pout)
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20 A

-25 J”’
-30 ’/(
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-40
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055

20 22
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0 Step9: Usersare free to playtheir designparametersto achievean optimal design
We are goingto addtwo Viasbetweentop metalsandground

Vias
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A Resultcomparisons

Freq.s11) =
— 511 Freq.(521) =
i

dB
=

%3

2
Freq(GHz)

0.200 { re =-0.974666 ,im = 0.003436 }
0.200 (re = 0.027057 ,im = 0.001563 }

02 0.5

2

<0

- KM\ )

Both performancesi A &,&mlS, {1 | iBroved by addingias The $ behaves well up to 50GHz,

while S, is deteriorated when frequency increases.
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0 Step10: Usersare free to play with their designparameterto achievean optimal

design We are goingto changethree parametersassociatedwith PINto checkthe
variationsof the Sparameterperformance

1.Rd=0.5,1and h KY a

—Rr=1

~

aOZ2yul Ou NbBaAaul yOS
0.00E+00 0.00E+00
-2.00E01 L -5.00E+00 / -
-4.00E01 k\ -1.00E+01
-6.00E01 \\ -1.50E+01 //
8.00801 ——Rr=0.5 -2.00E+01{ ——Rr=05
-1.00E+00 ——Rr=1
-2.50E+01-/
-1.20E+00 Rr=2 / Rr=2
=4 3.00E+01
-1.40E+00
-1.60E+00 -3.50E+01 Co0oO0Odddddodododod oo oo
OO0 0O d A ddddd o A A ddd el ecNeoNeoNoNoNoNoNoNoNoNoNeoNeNeoNoNe)
1000000000000 O0O0O0 OO OSFFIFIFIFFFFFFTFTFTTFTFFTFFFF
QFFFFFFLFLFL LT LT T W W oWw W oWwWwWw W WwWwWWw W W W W w
W wowwwwwww o ww Q00O TNOWMOITANO®XO©TNO ®©
8OO OITNONOITNO®®OITNO® COVOAYYRONINO-AMOOO NN~
NQQQ“!?".O’.‘\!U’.OQ“!“’?QO’.‘\!U"‘. NmmwmoddddaNaNNOO®Mm O OIS I <
NWW O A A A NNNMOMHOOONT T
S11 versus frequency (GHz)

n

21 (dB) versus frequency (GHz)

Largercontact resistancedeteriorates thed g A i OK LIS NF 2 NXvithey OS

whole frequency range.
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0.00E+00
-5.00E+00
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2.1s = 1€l4, 5el14 and 10€14 A
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S11 versus frequency (GHz) S21 (dB) versus frequency (GHz)

The saturation currerdoes notaffect theswitchperformance.
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Users ardree to play their design parameter to achieve an optimal design. We are going to
change three parameters associated WRHN diodeo checktheir effect on performance.
0.00E+00
-5.00E+00-
1.Rd=0.5,1and 2 Ohms ~ ~0= ~
2.50E+01 -1.50E+01
-2.00E+01
2.00E+01 -2.50E+01 ——Rd=0.50hms
-3.00E+01 '
1.50E+01 3.50E+01- = Rd=10hms
00E+0 ——Rd=0.50nhms -4.00E+01 7 ———Rd=20hms
1.00E+01 )
— Rd=lohms 4.50E+01
-5.00E+01 Addddd oo oo o
50084001 - Rdzzohms ©22ol228028
EEEHEEEEEE |
0.00E+00-+————r—r—r—r—r—r—— daddddadcaacass 1StHarmonic
FTFTIIFFFERR 2. 00E+01
W W W wwww W w :
SS28SX8IBISK 1.00E+01
AT A AN NNNN®M®M ’
0.00E+00- —
fundamental /\
-1.00E+01 /
-2.00E+01 /4 ——Rd=0.50hms
. . -3.00E+01 _
Largercontact resistanceincreaseshe output |~ |/ ——Rd=lohms
: . 7 ——Rd=20h
power of 1st and 2"d harmonic components .o, /. o
within the whole input power range, but the  so0ev014————
. SS5585555585
fundamentalone nearlyremainsunchanged FEREEEEEE LT
RSB88RSTBI8R
dadddaN NN NN ® o

2nd Harmonic
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2.1s = 1€l4, 5el14 and 10€14 A

2.50E+01
2.00E+01 /

/ ——ls=1el4
1.50E+01 ——Is=5el4

———1s=5e13

1.00E+01
5.00E+00-
0.00E+00

1234567 8 91011121314151617

LsR 2 S &fjecthe large signal

performance either.

Cont.

0.00E+00

500E+00.1 2 3 4 5 8 9 1011121314 15
-1.00E+01 /

g

-1.50E+01 /
-2.00E+01 /
— 5=1e14
-2.50E+014—="
/ ——Is=5el14
-3.00E401
e [ S=501.3

1stHarmonic

-5.00E+01

0.00E+00

-1.00E+01
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/ ]5=5e13
-4.00E+01

/ 2nd Harmonic

-5.00E+01-

-6.00E+01
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A To sum upEM-Supreme® models fieltistributed-effects,
coupling, radiation, as well as parasitic effects at RF and
millimeter-wave bands; for active, passive, and complete RF
modulesd.e. integrated active and passive modulés

A Technology supported includes, but not limited to,: PHEMTS,
Silicon Germanium, Gallium Arsenid&uminiumGallium
Arsenide|ndium GalliunPhosphidd . ¢ Qa |y R t LI

A Using this tool, the Réfesigner can model CMOS as well as
Gallium Arsenide and Gallium Nitride EETs

A EM-Suprem®® is the only tool an RF designer will ever need
for all of hisMMIC andSi? SoQVlodeling needs



