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Planar Electromagnetic Basics

Microwave Hybrid (Alumina)
Microwave MMIC (GaAs)

Planar Antennas
Antenna Arrays

e Electrically “large”
e Geometrically “simple”
e Microwave frequencies
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Planar Electromagnetic Basics

High-Speed Digital
RF Board (FR4, Duroid)

IC Package (BGA)
RF Module (MCM, LTCC)
RFIC (Silicon)

e Electrically “small”
e Geometrically “complex”
e DC to RF frequencies
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Planar Electromagnetic Basics

Geometrically “simple”

Geometrically “complex”
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Planar Electromagnetic Basics

Physical Design

e Substrate
e Metallization -
e Ports

Method of Moments
e Meshing
¢ Rooftop functions

10

J(r) = [iB,(r) + 1,By(r) + 15B4(r)
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Planar Electromagnetic Basics

B,(r) Ba(r)  By(r) P4(r) P,(r)

T~
I 2 =3

palys Pallads

J(r) = 1,B,(r) + 1,B,(r) + 1;B4(r) - qr) =~ V-dlr) = QiP1(r) + Q2Pa(r)

V-By(r) = —Py(r) Q=1 (1-Ip)
V.Bz(r)=P1(l’)—P2(r) J1
vV -Bs(r) = —Py(r) 22 =, (2 +13)

Current Continuity Relation is preserved

in the discretization
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Planar Electromagnetic Basics

Method of Moments B.(r) B,r)  Bsr)

Maxwell’s Equations

. 3

Matrix Equation
[Z].[1]=[V]

T

Equivalent Circuit
[Z] = [R] + jo[L] + 1/jo [C]
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Fullwave versus Quasi-Static

Fullwave T\ Le /K
Maxwell’s Equations \//\\//\b
Matrix Equation * including coupling and radiation
[Z()].[1]=[V] * [L(w)] & [C(w)] frequency dependent
. * [£Z(»)] matrix reload CPU intensive

Equivalent Circuit
[Z] = [R(0)] + jo[L(w)] + 1jo [C(w)]”
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Quasi-Static Approximation

Quasi-Static

Maxwell’s Equations

. ]

Matrix Equation - near field / low freq approximation

[Z,]-11]=[V] L(w) =L, + LR + Ly(aR)? + ...
I C(w)=C,+C,R + C,(R)? + ...
Equivalent Circuit * neglecting far field radiation

AR QRSO ERVCNONEN -« [L,] & [C,] frequency independent

* [Z,] matrix reload very fast
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Quasi-Static Approximation

Validity ?? L M L1 R +.)

When the structure T
- does NOT radiate /\ A
- is electrically “small”
Rule of thumb:

C

WavelLength _ “light
2 2Freq

= Freq[GHZz] < 150
D [mm]
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Quasi-Static Approximation

Page 12

® Near Field | Low Freq approximation

® Neglecting Far Field Radiation Terms

® Good for electrically “small” structures
® Strongly reduced computation time
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Rectangular-Triangular Mesh
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rectangular cell triangular cell

Microwave Frequency

7% 7“, : 10 cells
/T

Mesh Density depends
on Wavelength Criterium
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Rectangular-Triangular Mesh
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rectangular cell triangular cell

- ‘ 6 cells \
RF Frequency

< { Mesh Density depends
A10 on Geometrical Complexity
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Polygonal Mesh

A A A
(I S ) i}ii — > —
(I — /™~ \J
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s s — — ce Y \ o, \\s$‘:::;
—— —— —> —> —> “« €&y (2> > NN 5 5> 5>
L-shaped cell T-shaped cell polygonal cell

® Arbitrary Polygonal cells

® Generalized Current functions
® Generalized L & C interactions
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Polygonal Mesh

Mesh Density depends

on Geometrical Complexity

N 10 cells |4~ /
== >N /
o 74/74

Y= — %

T D
/
ﬁ 1 ceII
<
A/10 Mesh Densny depends
RF Frequency on Wavelength Criterium

Page 16 -::} -~ Agilent Technologies



Polygonal Mesh

EN=N

® Meshing complex geometries with POLYGONAL cells
® Eliminating slivery triangles

® Uncompromised accuracy for RF frequencies
® Strongly reduced computer memory
® Strongly reduced computation time
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Star-Loop Transform

Page 18

Low Frequency Breakdown

[Z
[£] = Jo

v

J-l]=1V]

L] + 1/jo [C]

v

zero infinity

[Z] is ill-conditioned for low frequencies

numerical solution breaks down
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Star-Loop Transform

Rooftop functions are transformed into Star
and Loop functions

loop star

B (r) B ()

< $4t

< R t 11

L1171t 1 tt14
R N <_4_4__|||__>_>_>
N g P o A il

vV Y

i

A
loop function star function
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Star-Loop Transform

Loop functions are solenoidal

Loop Currents have no capacitive
interactions —» NO LF problem

Loop functions —» Magnetostatic Solution
Star Functions — Electrostatic Solution
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Star-Loop Transform

Microstrip through GroundPlane Transition

0
I
= -B0-
=
AOn4
LF Breakdown
12|] T T T T T 1 T
1E4 1E5 1E6  1E7 1E8 1E9 1E10 1E11
Frequency [Hzl
0
& -20-
= 20 - Rooftop Functions
e - Star-Loop Transform
Al | . [

164 1E5 168 1E7 1E8 1E9 1E10 1E11
Frequency [Hzl
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Star-Loop Transform

| 444
25N t 41
L1 T 444 $ 44
vy LT T 4-4-4-—"'—-»—»»
DR NS

® gives stable solutions down to DC

® needed for circuit simulator
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Part I Technology - Summary

New Planar Electromagnetic Technology

Addressing Speed, Capacity & Accuracy needs for
High Speed Digital and Analog RF applications

Electrical Smali <—» Quasi-Static Model
Geometrical Complex < Polygonal Mesh
DC to RF frequency <«—» Star-Loop Transform
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Momentum RF

Integrated in ADS 1.50 as new option in Momentum,
user toggle allows to “enable/disable” RF mode
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Momentum RF

Substrate
Database . .
Functions . .

Ports
Port Types .
Calibration

Box - Wavegui

Mesh

Simulation

Sweep type :
Optimization . :

Post-Processi
Visualization
Radiation P
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Part 11 Applications

Momentum RF  Momentum
Y R ——

A electrical size
100 mm
N High Speed Digital Board
(7]
.c_é 10 mm RF Board (FR4, Duroid)
_g RF Module (LTCC) Microwave
= RFIC (Silicon)  Microwave
1 mm
Millimeter wa
>
100 MHz 1 GHz 10 GHz 100 GHz
\ 4
frequency Rule of thumb line
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RF Board Interconnect

AIR

I 30 mil  FR4 I

GND

=
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o

Mesh Density
20 cells/A [1GHz]
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RF Board Interconnect

Momentum

Mesh: 20 cells/A, 1 GHz
Matrix size . 3428

Process size : 152.48 MB
User time - 3h 14m 51s
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RF Board Interconnect

Momentum RF polygonal mesh

Mesh: 20 cells/A, 1 GHz

Matrix size - 7133
Process size : 59.35 MIB

User time . 14m 24s

SSSHESS
memory: 3 x t%%ﬁj%@@

speed: 14 x
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RF Board Interconnect

0.25 o—o—o Momentum
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Digital Board Interconnect
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Digital Board Interconnect

Momentum

Mesh: 10 cells/A, 3 GHz

Matrix size . 8124
Process size : >1 GB

User time . > 1 day Momentum RF

Mesh: 10 cells/A, 3 GHz

memory: 10 x Matrix size @ 722
. Process size : 150.41 MB
speed. 20 X User time - 1h 37m 07s
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Digital Board Interconnect

reflection & transmission of single trace
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Digital Board Interconnect
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Digital Board Interconnect
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Digital Board Interconnect

File Projectz Plot Current  Display  ‘window Help
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Ball Grid Array Package
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Ball Grid Array Package

Momentum Momentum RF
Matrix size : 8244 Matrix size . 1354
Process size : >1 GB Process size : 106.57 MB
User time . > 1 day User time . 1h 47m 83s
memory: 10 x
speed: 20 x
+ 0.6 _
2 o4 Input crosstalk
0.2- output crosstalk
0.0
0.2 |

0 100 200 300 400 500
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Microwave Lowpass Filter

AIR

‘ 25 mil Alumina
GND

Momentum RF
Mesh: 10 cells/A, 20 GHz

Momentum
Mesh: 10 cells/A, 20 GHz

Matrix size . 122
Process size . 213 MB
User time : 0mO09s

Matrix size - 181
Process size : 2.92 MB
User time :1mO02s
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Microwave Lowpass Filter

Page 40

— Momentum
— Momentum RF

1.0 Vi

0.55 /\,\/
0.0]
0 5 10 15 20

Frequency [GHZz]
1.0~—= \

05| mag(s12)

0.0LA_
0 5 10 15 20
Frequency [GHZz]

0.50]

radiation
0.25_'
0.0 W

0 5 10 15 20
Frequency [GHZz]

.- Agilent Technologies



