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Today's Topics

Modeling &n EM Simulations
— Schematic Simulation & Layout Simulation
— Momentum Simulation

Microstrip Discontinuities

GND path Breaks

AC resistance and Skin Effect
Differential Signaling

Odd and Even Mode Impedances
Decoupling Capacitors
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RF PCB ...and....Maxwell

Maxwell's Equations

Faraday’s Law: Ampére’s Circuital Law:
VxE:—gs VxH=J+§D
Gauss’ Laws: Constitutive Equations:
V.B=0 V-D=p B=uH D=¢E

Actual solution complex and for realistic problems require approximations

Solutions to Maxwell’s equations using numerical approximations of is
known as the study of computational electromagnetic (CEM)
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CEM Techniques -

» Examples of full-wave computational
electromagnetic (CEM) techniques include:
— Finite difference time domain (FDTD) Method
— Method of Moments (MoM) Method
— Finite Element (FE) Method
— Transmission Line Matrix (TLM) Method
— The Method of Lines (MoL)
— The Generalized Multipole Technique (GMT)
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ADS Software Overview -

EMDS
ADS 2009 - User Inferface .| [ 2006C
ADS Schematic ADS Momentum EMDS for ADS EMPro

ADS Schematic: Circuit-theory based simulator
Analytical models determine input-output behaviour of components
ADS Momentum: 2.5D-Method-of-Moments (MoM) simulator
Full wave solver for layered media, arbitrary planar geometry, vias
EMDS for ADS: 3D-Finite Element Method (FEM) simulator
Full wave solver that can handle finite substrates and include 3D models
EMDS (Stand alone): 3D-Finite Element Method (FEM) simulator
EMPro 3D-Finite Difference Time Domain (FDTD) simulator
EMDS and EMPro have their own 3D-CAD-GUI
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._Design Steps ....ADS & Momentum

* Substrate Is computed In R e

Momentum or Can be read T Je ?Uﬂ '_

from a pre-computed el T A e e

database. = aLE leE LEe 4
ADS [ 1a) Schematic with artwork gﬁﬁ;w
interface™ 1b) Layout artwork / m‘

[ 2) Define the substrate™ ) T
MOM . 3) Mesh and solve | ) :[--w{ e
interface -
4) Display Results B R ]
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ADS Schematic

Standard components; e.g. Microstrip filter sections

|.;,|';;.| S-PARAMETERS I WEub
-For = Microstrip filter section
M1 TE=2
Elar=40 GHz P HIEI]E“'I'I-TH'
Sop=1 50 GHE Er=04 J‘_‘:I
EBtap=0.1 GH2 Wlur=1
Cond=| OE :""-lil
1 :l |1| .u- Lﬂ;-hh- n
Tan D=1
T C——1] Pt =
Supal="TASuh1" WCE
Lo ° et Gl —— = :
ke S . WL Tam2 Range of Usage
s e E:;:.:-'r.'su'_-r E;;:n'.-"-li.h 1 t‘“"-:.-l;:h
= Lol =18 mmi WeO B mm o1 W <10
= Bl S /im L=H mm L=5%
La®&mm = H
F d l 0l= E =10
+) Fast and accurate results i
1=Er=14

2
Simulation fregquency & —— [GHZ)
- 1 P Himmy

+) Real time tuning capabilities

(
(+) Design Guides available
(
IMake sure that models are within their Range of Usage!
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ADS Momentum .

» 2.5D (vias) simulation tool for passive circuits.

» Layout driven (accepts arbitrary geometry).

» Method of Moments technique as planar solver.

» Green s functions used to solve integral equations.
» Unlimited substrate database for computation.

» Full microwave or RF mode S-Parameter solutions.
» Layout look-alike components for ADS simulation.
« Co-simulation with ADS and optimization.

» Visualization of current and far-field patterns.
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ADS Momentum -

Arbitrary 2D metallic structures and vias in layered media
Substrates are infinite in lateral direction!

Slots in metallic sheets

Multilayer designs

Planar antennas —_—

Visualisation of =
Current density

- Aperture coupled
_..——-J microstrip transition

hMultilayer open loop filter Patch antenna
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. ADS Momentum Current Visualizatio.
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When to use Momentum -

When no analytical model exists- co-simulate with ADS.
Arbitrary geometry on a uniform planar substrate.

To determine coupling effects-thin layers & close proximity of
metal.

To find narrow resonances not found using analytical models.
To display radiation patterns plot far-fields (antennas, etc.)
To display current patterns and density.

For CPW: coplanar waveguide results with no slot mode.
When 3D solvers take too long or are not required.

To optimize (modify geometry) a passive layout to achieve
desired results.
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How Momentum Works?

Fullwave EM

Maxwell's Equations
l = Fullwave electnic & magnetic Green's functions.

Ma‘t rix Eq uati.:.n * includes space and surface radiation.

_ » L{w)&C(w) are complex and frequency dependent
(4[1]=[V]

= Z{w) matrix reload CPU intensive.

Equivalent Circuit

[Z1=[RI+jw[U+1/] o[C"

Zr__f - J"’L.:._.-""

Fol

L, ;= [[asByr ! !'4.;-0“.r. LT
g &

:-:: ol = JJuss B [fas e g
LI ¥ )

LA
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ADS Momentum

IMesh quality is crucial! Different edge meshes

Subdivide metallic strips
in basic 2D cells

(central section of edge coupled line filter)

il

- T 20 clls
Cell size based on a } wavelength
cells/wavelength-criterion CLILITTIITT

Different mesh types: [ITIITITT

Transmission line and edge mesh
Trade-off: Cell size / numerical effort R

i

Momentum vs. Circuit simulator T o
More modeling flexibility
More accurate results
Including radiation, coupling
But: increased numerical effort 60 cells /

compared to circuit-theory
based solver

limited to infinite substrates
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SPICE & Momentum

 SACE MomentumRF Momentum M-

S parameters| | S parameters
RF mode MW mode

Spice model

* Quasi-static inductance

+ Quasi-static capacitance
* DC conductor loss (s)

* DC substrate loss (s)

+ dielectric loss (tgd)

+ skin effect loss

+ substrate wave radiation
* space wave radiation

<< <LK
<< < <K<K

<< << < <KL
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ADS EMDS

Finite substrates
Defined as 3D vias in dielectric layers
Fringing effects
Broadside radiation of planar antennas

Import of 3D components

from EMPro

Visualisation of

EM fields in the

computational volume

But: increased
computational burden
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Transmission Line
Discontinulties
& Corrections

. Transmission Line Discontinuities .

ace tend A race Here we illustrate the
- "/ gap discontinuities using
- Ground plane gap microstripline. Similar
— sreundplan structures apply to
_pad other transmission line
L " L]
trace :T#q“udﬂ configuration as well.
T |
plane I_*. race ‘-—’-ll.

Sockei-trace interoonnection
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Junction

Line to Component
Bend Interface




Transmission Line Discontinuities .

Pacl or Stub ;

Coupled lines

E Examples of bend and via

on co-planar Tline.
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Transmission Line Discontinuities .

e Introduction of

. . . Non-TEM mode "{*_Tl-ﬂsfield can be decomposed into
discontinuities field here® TEM and non-TEM components
will distort the — Efield
uniform EM!! SN o i ~— Hfield
* Most of these Koy YNNG WS
induced higher /-1 i = Direction of propagation
order modes (Pl —— /
are non- : 5 £ %:;SI-TEM

propagating

HARELLLTIE I AR IR RIIIP)

» The effect of discontinuity is usually reactive (the energy stored in
the local fields is returned back to the system

» The effect of reactive system to the voltage and current can be
modeled using LC circuits (which are reactive elements).
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Discontinuities: Through Hole Via .

Through hole;
g Ls L, =0. 2h{h{ ? ]+ 1] (2.1a)
= 11 ”
0.5C, 0.5C, C, =0.056 ;” dN (2.1b)

d = diameter of via or
internal pad This is the capacitance between the via and
internal plane. If there are multiple internal

conducting planes, then there should be one

C,, corresponding to each internal plane.

A
GND planes<

_ d, = diameter | L;innH
T of relief or Eg in pF
antipad nmm
. dand d, in mm
h T
C}I’OS\'SFSECUOI'I & = dielectric constant of PCB
oravia N = number of GND planes
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Discontinuities: Through Hole Via .

Reduce the length
of the via by using
inner trace layer

and remove the stub

(e.g. use buried or

Side view of a Via blind via).
A tear-drop shape pad (typically only
recommended for frequency above 1 GHz).

3-2

Top view of a Via
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Discontinuities: Bends .

90° Bend:

See Edwards [4], Chapter 5

Apprommate quasi-static expressions for Ly, L, and C:

(14¢,+12.5 [.83g,-2.25 " W
c_ s ) pE/m for d <1
w Jwid (2.2a)
€=(9.5¢, +1.25)%+5.2¢, +7.0 pF/m  for 1

s e, = dielectric constant of substrate,
= 100[4 % —-4.21 i nH/m (2_2[)) assume non-magnetic.
B d = thickness of dielectric in meter.
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Reducing the Effects of Bends .

» Generally not necessary under 300MHz frequencies
chamfering is b=0.57W

. N
(see Chapter 5, Edwards [4])
For further examples see
Chapter2, Bahl [7].  map -

Chamfering of bends

For 902 bend:
Itis seen that the optimum
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Discontinuities: Bends .

« For a 90° microstrip line bend, with w = 0.92mm, d = 0.51Tmm, ¢, = 4.6
(non-magnetic substrate). Find the value of L and C for the bend.

=(9.5x4.6+1.25)1.84+5.2x4.647.0
=111.83 pF/m X =1.834

d
= C=111.83x0.00092=0.10pF
30.0pH 30.0pH

L _10041.8-4.21] =115.66nH/m ¢ I 56

'I_ 0.10pF
= L = 60pH
Typically the effect of bend is not
At 1GHz: important for frequency below 1 GHz.
Reactance of C X, = =1592 This is also true for discontinuities like
step and T-junction.

-.ﬂ’_“
Reactance of L XL =2afl. = 0.38
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Discontinuities: Step in Width .

Step: L, L

?
00—
T, T; - —| c
See Edwards [4] Chapter 5

Approximate quasi-static expressions for L;, L, and C:

C ¥ — —| o — 3 [ . ﬂ
T~ =(10.1l0ge, +2. H)wz 12.6loge, —3.17 pFm  for ¢, <10; 15¢< <10
_ ( - <M<
\W H()IGL\ ) for & =9.6; 3.5 " 10
) (2.3)
W W (
:40.5[ﬁ—|.0] 755k +0.2( 3L 10] nHim  (2,3p)
= Lo ;L= Lo L L.y and L, are the per unit length
1= Li+L,, 2 Ly + Lo inductance of T, and T, respectively.
i m =
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Discontinuities: T-Junction .

T-Junction:

T, T 3 T,
W
(s ;
T‘*= I =) N E— T
3
L3
T!

Mitering of junction
T

0.7W,

T, |
"
:
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0.5W, or
smaller

Discontinuities: Stubs .

+ Stubs are short trace segment that extend from the main trace. Most
often they connect to a solder pad and a component.

Keep branching stub and unterminated
stub short, less than 0.1%, where & is the
shortest wavelength encountered

Add compensation to bend
if necessary 28




Discontinuities: SMA Launch

« Since most microstrip/stripline line invariably leads to external
connection from the PCB, an interface is needed.

« Usually the microstrip/strip line is connected to a co-axial cable.

« The SMA to PCE adapter, also called the SMA End-launcher is usually
used for this purpose.

Make the trace narrow towards
the center conductor of the SMA
End launcher (for wide trace)

SMA adapter
2.352nH
C=1307p 1

L
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Discontinuities: SMA Launch

a1
©

a o1 a1
o W o
] ] ]

SMA adapter
2.352nH

N
I
1

Impedance (ohms)
N
ﬂ

N
=
|

C=1357p_1_
1

10cm

W
(0]
]

35 T T

60.6 60.9 61.2 615 61.8 62.1
Time (nsec)

Measured and Design By Rashad ‘
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BW Reduction due to Bends .

*Networks can be interpreted as Low-Pass Filters.

*The inductor

sattenuates the electrical signal at high frequency while the capacitor
shunts electrical energy at high frequency.

*Thus the effect of having too many discontinuities in a high-
frequency circuit reduces the overall bandwidth of the
interconnection.

*Another consequence of discontinuities is attenuation due to
radiation from the discontinuity.
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. Discontinuities Modeling and Simulation .

« A Z_= 500 microstrip Tline is used to drive a resistive termination as
shown.

J_ WA L = WA

= ¥l ] wi
Di=33.0 mal D= 2500 mul D=2 i
Hi= & mm ¥ 8 mm M=l mm
Teiimdl T fl.0 mil TeiZmi

)
-

Sebd= Wb T
Wil 4l mm WLAHE WIS F—
Le#80 i ] e
Cm30.0 i D320 il s
[T T D=208mi
Tl 2mi Tet 0wl Heii .
IS ODKD MDS Teidmi
{12 .
Sl -
LH
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Manufacturer Tolerances

Parameter Width | Spacing | Thuckness | Bot. Height | Top Height
W 5 T hl h2
Designed 60mil | 80ml | 07 ml 8.0 mil 9.0 ml
Modified by fab| 6.7 mul | 7.3 nul 050z 8.0 mul 972 ml
Measured 59mil | 80ml | 0.62 mil 7.7 mil 8.0 mul
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AC Current Return Path

| <— SOLID SHEET OF
GROUND-PLANE ON BOTTOM

VIA 2 VIA1

AC +DC

U SHAPED TOP CONDUCTOR

1 SCHEMATIC
GROUND-PLANE
— ON BACK
viaz _ — T B VIA 1
— — — — —— —
N N N ) D
VTN — — =\

DC \ \ \ N\

T
DC CURRENTPATH ' / GND
o~ PLANE

A
\ Ay \
\\ \\ \ \ ON TOP TRACE
N \ \ A Y Y
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AC Current Return Path

GROUND-FLANE

O BACK
V1A 2 YIA A VA 2 ViA 1
) -
GROUND-PLANE
ac(y b At N Cursewreata %
GROUND-PLANE CURRENT PATH L= \.t{ o
T PATH IS UNDER TOP TRACE—* 1 -~
' - AREA OF INDUCTOR LOOP
i . ol ol ol ol ol ol ol o
TOP TRACE CURRENT PATH TOP TRACE CURRENT PATHY
NO RESISTANCE IN GROUND PLANE FINITE RESISTANCE IN GROUND PLANE
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J, SIGHAL CURRENT B
# THIS VIEW FROM PCB
CONDUCTOR (TRACK) SIDE
# NOTE: RETURN CURRENTS
A& B MAY INTERACT BREAK IN GROUND PLAME
CROSSOVER “B" ON
GROUND PLANE
SIDE
«— < SIGNAL
CURRENT A
RETURH CURRENT B
DIVERTS ARCUND .l RETURM CURRENT A DIVERTS
GROUND PLANE _/-"" . AROUND GROUMD PLANE BREAK,
BREAK, RAISING RAISING INDUCTANCE
INDUCTANCE
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Partial GND Break .

Ground break ﬂ

Detour for return current, more magnetic flux
inkage. This will manifest as extra inductance in

the interconnect circuit.
Furthermore the E and H fields will "extend’ further from
the circuit, making it easier for this circuit to interfere

and be interfered.
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GND Break increases Coupling .

Ground break also increases coupling between traces.

Ground break

=

Trace 1

EM fields due to return signal
and return current from
Trace 1 coupled to Trace 2
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Discontinuities: Through Hole Via

1

2

RF PCB Design: Lecture- 2

© Rashad.M.Ramzan 2010-11
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Skin Depth — AC Resistance

Skin effect confines 63% (e!) of the current to 1 skin depth — the current
density will decease exponentially into the thickness of the conductor

DC current

"DC resistance”

low-frequency AC

"AC resistance”

Cross-sectional area of the same
conductor available for conducting

high-frequency AC

"AC resistance”

RF PCB Design: Lecture- 2

Cross-sectional area of a round
conductor available for conducting

Cross-sectional area of the same
conductor available for conducting

8=

a 8 ™ o™ T

© Rashad.M.Ramzan 2010-11

e 2
pwao frr

= permeability (47 % 1077 H/m). note: H =henries = (s
= skin depth (m)

= resistivity (C2m)

= rachan frequency = 2nf (Hz)
= conductivity (mho/m), note: mho [{3] = stemen [S]
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Skin Depth- AC Resistance

MICROSTRIP
CONDUCTOR ;
(CURRENT FLOW NORMAL 0 Example of frequency dependent resistance
TO DIAGRAM
| ‘ ) . 35
\ o
— HF CURRENT FLOWS IN ONE Q 251
PC BOARD é
SIDE OF THE CONDUCTORONLY ~ § og 4
DIELECTRIC -
( ) g o RM-RDC+RAC-\thequmcy
1 T "B an
10
GROUND PLANE \ 8 :
\— REGION OF RETURN 0 ,

CURRENT FLOW QEH0 1EH0 2E400 3400 4.E+09 EE+00 6.E#09

Frequency, Hz

# Skin Depth~ 6.61 /¥ f cm, fin Hz

¢ Skin Resistance ~ 2.6 x 107 f ohms per square, f in Hz

% Since skin currents flow in both sides of a PC track, the
value of skin resistance in PCBs must take account of this
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GND Current AC Resistance

L . 1
/'(D):m:'u(D/H)Z

(Current Density in plane)

e — g

3H
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GND (Current) AC Resistance .

* The current density formulae can be integrated to get the total
current contained within chosen bounds
3H
I I 1 dD — 21

o_. - °.tan*(3) =0.795I,
H 1+(D/H) 7

~3H

* This shows that 79.5% of the current is contained in a distance
+/- 3H (W of 6H) from the conductor center

* Assuming a penetration of 1 skin depth, the ground return
resistance can be approximated as follows

R P P _NPTHE 6 ength
ac_ground ~ A = 6HS = 6H Q engt
'ground
RAC_totaI — Rsignal + Rground
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Surface Roughness .

* The formulae presented assumes a perfectly smooth surface
* The copper must be rough so it will adhere to the laminate

* Surface roughness can increase the calculated resistance 10-
50% as well as frequency dependence proportions

* Increase the effective path length and decreases the area

Tooth structure

W (4-7 microns)
piane Gl e e
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Copper Options

+ Common Thickness Options

Drum Side
- - Electro

Weight Thickness Deposited

> 4 copper has a
0.25 oz 0.4 mil (9 pm) Drum® side

0.5 oz .7 mil {18 um) and "Treated”

side
1.0 oz 1.4 mil (35 um)
Treated Side.
2.0 oz 2.8 mil (70 um)

+ Plating Options

Option Surface Roughness MNotes

Rolled 55 uin Lower loss at high frequency (=1 GHz)

Mare precise geometries for critical
gpplications (couplers, distributed filters)

Electro Deposited 75 uin (0.5 oz) For Treated (Dendritic) Side
94 nin (1 oz) Untreated (Drum) Side is 55 uin
120 pin (2 oz) Less prone to pealing
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Mutual Coupling and Crosstalk

« The current components due to distributed mutual capacitance and
inductance.

. :
—{0D— 2 parallel Tlines  _ -~ ~ o1t on active fine
o
= Current due 1o Gy,

An positive-going
incicent voltage pulse Cu

= Current due to Ly,

- A — —' “__| Far End
Crosstalk
Mear End B Yeow _
Crosstalk LM““ < Lenz's Law FEXT
NEXT

Note:

Observe that there is a possibility
for the forward crosstalk currents to
cancel off.
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Mutual Coupling and Crosstalk -

« As the positive-going pulse travels from left to right, it will induce
current on the adjacent line. The induced current components travel
out frem the point of induction to both directions.

~| -

_/1_ _/:_/: _/T = Current on active line
== Current due to Gy
ng a“ ﬂﬂ ““ —»  Current due to Ly,

2T, v v v v
Far End
LERE et 0 = <SGEED

Near End T FEXT
Crosstalk v(t)

= | A

- - t
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Differential Pairs -

» Lower Cross-talk, Lower Radiation

« Common mode noise rejection

» Reduces ground reference problems

» High dynamic range analog applications
— Log Amplifiers

» High Resolution ADC/DAC
— Low noise (small signal) analog applications

« Transducers
— Critical High Speed Digital Applications

« Low amplitude clocks
» Low jitter requirements
» Almost ALL RF applications
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Differential Pairs

+  Geometry and spacing defined by artwork

L 5. L
High differential impedance easily
—T- achievable
. + Impedance reduced as "s" is reduced
4 _ X
As "s" is increased, impedance approaches
2x single ended impedance

Edge Coupled

-

-

+ Difficult to rout through fine pitch holes

il

T + Geometry is effected by layer registration
—_— - . . -
t ] + Low differential impedance easily
+ achievable
M + Easy to route, easy to maintain matched
Broadside Coupled lengths
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Differential Impedance Definitions

+ Single-Ended Impedance (Z,)
Impedance on a single line with respect to
ground when not coupled to another line

{2: = *o."zm.:-'zz-.m]

+ Differential Impedance (Z,;)
The impedance on one line with respect to the coupled line, when the
lines are driven by equal and opposite signals

+ Odd Mode Impedance (Z,.,)

Impedance on a single line with respect to ground when the other
coupled line is driven by equal and opposite signals (7o = 27544)

+ Common Mode Impedance (Z.,,)
Impedance of the two lines combined with respect to ground

+ Even Mode Impedance (Z¢,..)
The impedance on one line with respect to ground when the coupled
line is driven by an equal and in-phase signal (Zz,an = 2Z00)
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Differential Impedance Examples .

11
i | |

Edge Coupled Broadside Coupled

el

S | Zeven| Zodd | Zo | Zpinr
z z z, |z
100 | 49.4 | 49.4 | 49.4 | 98.8 Even | —Odd | "o | —OMM

c Tc00la70 202 o5a 20 | 413|347 378|694
' ' ' : 10 | 68.6 | 34.7 | 48.8 | 69.4
10 Se1 | 11.9 | 48,6 | 83.8

L

il \\E:'un mexle a0 4 Even musde
35 - #
& o
Chams - O 0 E0
45 &0 _—————___\__\_\
“@ Odd Made

EIE

3 ' ol
I (—Rﬁlucgd "?'Pi“ﬂ.! #————— Reduced Spacing
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Impedance of Transmission Lines .

bl
‘ T
h t h
, |
Micro-senp Slrip-Line
]ﬂ, S0Eh | z, = Eihi 1.94 |
£ +141 L0 Buw+r N 08w+
when 0.1< 2 - 20amdl <5 15 when ‘T <035 and— <025
k ! i k
Simulations
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Decoupling Capacitors

=" e

Resistance

Rypm et m 2 = 0.679 g} — inch

.{l-. adi = Farnns nw
Allowing I=w penmits caicwialion of Resistance per Square.

. 1 - . 1 -
Fesistancs 'SQuare = & - = (0679 2 —in = 483 12/ Square
4 P = 0T g — e S

{For 1 0Unce copper wich 5 0.0074% thick)

Inductance Capacitance
. - H nH m A - ¥
L = i h by = 4107 — - 0.32 C = 5,5, -5y, £ = 22321070 -
W m inch i i in
L&t as Fumetion o Plane Scpsaraion )
ot ,_,-"'f‘ . FR4 Dielectric Thickness Inductance Capacitance
H I E [mils) {pH/square) {pF/inch?)
| 1 1 as 7
plim~2 | | ,/‘/ I . 260 L2
" o 1™ 4 130 253
24 ~ | aa
f P opueinance | 2 &5 506
ol 1

0 1= E) o u
Plass: scpsaration in mils
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ESR and ESL of Capacitors

+ Physical capacitors have parasitic
elements that limit their ahility to
stabilize supply lines

+ Equivalent series inductance (ESL)

+ Equivalent Series Resistance (ESR)

Impedance (Ohms)

ESL

PN T l_
ESR

0%

-2 0%

~40%;

4 11 60
ot
aal TN NI N0 | I 1 S T 11 A B N WA 11 pel ol L ol Ll
o 03 1 El 10 20 100 00 1,000
Fracpsomey iMHz) 05 1 wRdwnly P 50 100
FIGURE 5 Impadanca varsus Fragquancy X7R Disloctric FIGURE7. TR Capacltance & DF versus
Applicd AC/DC Voltages
Flots courtesy of Kemet
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Decoupling Caps Packages

Part Package Capacitance | ESL | ESR | SRF
Number (uF) (nH) | (©) | (MHZ)
COB03C103K5RAC, Kemet | EIA 0603 0.01 1.8 |0.25 38
COB05C104K5RAC, Kemet | EIA 0805 0.10 1.9 |0.10 12
T491B635K010AS, Kemet | EIA 3528-21 6.8 1.9 | 0.3 1.4
T494C476K010AS, Kemet | EIA 6032-28 47 2.2 | 0.2 0.5
Frow = — ool X1

Self Resonant Frequency Quality Factor, Dissipation Factor
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. Decoupling Connection Geometry

0.4 nH

0.5 nH

0.2 nH 0.8 nH

T™

7.2 nHjfin for 20 mil trace in
adaitizn to via and pad
inductance

Noie:

Maost PWB processes do
not altow vig-in-pad
geometries

6.8 uF, Ripple: 1 Vpp 6.8 uF + 0.1 uF, Ripple: 0.3 Vpp

6.8 uF + 0.1 uF + 0.01 uF w/long
traces, Ripple: 1.1 Vpp

6.8 uF + 0.1 uF + 001 uF,
Ripple: 0.1 Vpp
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Summary

Modeling &n EM Simulations
— Schematic Simulation & Layout Simulation
— Momentum Simulation

Microstrip Discontinuities

GND path Breaks

AC resistance and Skin Effect
Differential Signaling

Odd and Even Mode Impedances
* Decoupling Capacitors
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