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PCB Issues for
Optimum Power Integrity

Inductance dominates performance

— Which inductance? Under what
circumstances?

Effect of capacitance value

Effect of number of capacitors
Effect of capacitor density

Effect of capacitor via configuration
Case Study



Design Geometry, Current Path, and Zppy,
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Model for Plane Recharge Investigations
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Charge Between Planes vs..
Charge Drawn by IC

Board total charge : C*V = 3.5nF*3.3V = 11nC

Pulse charge 5A peak : I*dt/2 = (1ns*5A)/2=2.5nC



Triangular pulses (5 Amps Peak)
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Charge Depletion vs. Capacitor Distance
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Charge Depletion for Capacitor @ 400
mils for Various connection Inductance
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Effect of Multiple Capacitors While
otal Capacitance Constant

The decap locations are 800mils from the power pin

Keeping

e C=1uF
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Effect of Multiple Capacitors While
otal Capacitance Constant

The decap locations are 800mils from the power pin

Keeping
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« ESL=0.5nH
* ESR=1Q
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Effect of Multiple Capacitors While

Keeping

otal Capacitance Constant

The decap locations are 800mils from the power pin
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Constant Capacitance

800 mil Distance

10 rruls thick - V plane to 30ns
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Effect of Capacitor Value??

* Need enough charge to supply need
* Depends on connection inductance
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Noise Voltage is INDEPENDENT
of Amount of Capacitance!
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What Happens if a 2@ Decoupling
Capacitor is placed near the First
Capacitor?

Via #2 Moved in arc
Via#l——— around Observation
point while
maintaining 500 mil
istance to

olservation point

distance

Observation
Point &
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Second Via Around a circle

Port 3 (xy) \ R: distance between Port 1 and Port 2 in
@. mil
A i r- radius for all ports in mil
\, 0@
d: thickness of dielectric layer in mil
Cdyn g d1: distance between Port3 and Port 1
R - in mil
\,. B d2: distance between Port 2 and Port 3
----- " in mil _ et
d =R Port 2 theta: angle as shown in the figure in
.6 degree
d, =2Rsin —
2
of di+r
(R+rP(d, +r) ,udln(R+rJ - -
My L | P R e Courtesy of Jingook Kim,
4 r’(d,+r) 4 d,+r . .
==~ Jun Fan, Jim Drewniak
J Missouri University of
ud (R+r) Sei
=" In _ - cience and Technology
47 | (2Rsin(@/2)+r)r
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Effective Inductance for Various Distances to Decoupling Capacitor

With Second Capacitor (Via) Equal Distance Around Circle

20 mil

10 mil -- Via Diameter
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Second Via Along Side

R: distance between Port 1 and Port 2 in mil
r- radius for all ports in mil

d: thickness of dielectric layer in mil

d1: distance between Port 3 and Port 1 in mil

d2: distance between Port 2 and Port 3 in mil

20



35 mil -- Via Diameter = 20 mil

Plane Seperation

Effective Inductance for Various Distances to Decoupling Capacitor
With Second Capacitor (Via) Positioned Adjacent to First Capacitor
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Understanding Inductance Effects and

10cm

E 20cm

Proximity

1 via

2 via with degree 90°

2 via with degree 30°
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urrent Density
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DUT for Experimental Validation (Single Plane pair)

Shorting via
.7 i O RN
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Experimental Validation (Single Plane Pair)

Total inductance [pH]

Impedance [R]

10 Measured Input Impedance |

0.1

50, 00 400

Frequel_icy [MHZz]

1000

900 |

850 ¢
800

750 |
700 |
650 |
600 |
550 |

Ve

with only 1 via (852pH)

g
with 2 vias with 30° (687pH)

with 2 via with 180°
(586H = 68.8% x 852pH)

* Even in the case with two
shorting vias at opposite sides
(68=180°), the inductance
value 1s 68.8% of that with
one shorting via

* As two shorting vias get
closer together, mutual
inductance between two
shorting vias increases.
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theta (degree)
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47 | (2Rsin(8/2)+r)r’
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GND

PWR
GND

PWR

Multiple Capacitors

Cavityl

GND_cap
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PWR_cap

Cavity4
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Via Spacing

10 mils* Via Barrel 10 mils

9 mils 9 mils 20 mils
«— S — >
i <—> —> '
5 10 mils*

60 mils

108 mils minimum

128 mils typical |
Distance to 40 mil Spacing (nH) 0402 SMT 0603 SMT (nH)
Planes (mils) (nH)
10 0.3 0.9 1.1
20 0.5 1.3 1.6
30 0.75 1.6 1.9
40 0.95 1.9 2.2
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Possible Configurations
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[ |
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Effective Inductance (pH)
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Lpecap CONvVeErgence
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Lpecap CONvergence 0402 Size
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LDeCap Convergence 0402 Size Line Vertical

Line Horizontal I I

5400 R 1 = = L -
200 Alternating e :ﬁ ﬁ:
5000 - g ; . . 5 O ‘r. . I_ a, L _!

4800 -

Line milsy I =

4600 - E 5 . . I I I I

100 T 'Et jﬁ'
o e D p—— —

4200| g é mﬂS | I
38003&)0 4000 4200 4400 4600 4800 5000 5200 Ldecap Comp aI'lS()n h:S mils
0.1 g , |
Port - — Convention Alternating
& , 008 -\ —Convention Regular
h=5mils . Line Horizontal
P I | . .
006 X =-==Line VQI"[ICEII |
Decaps modeled as a Short ol ‘ ‘
=)
0.04
0.02
0
0

Number of Capacitors



Observations

» Added via (capacitor) does not lower
effective inductance to 70-75% of original
single via case

 Thicker dielectric results in higher
inductance

 Alternating PWR/GND can significantly
reduce overall inductance
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Effect of Plane width on Inductance

A
= E _

Case2 : 5 inches 4
"
Case3:2inches | | OPort1 O
LB “1inch
s

v

Port2
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Geometry

Solid Plane \

\

/‘Capacitor’ Port

IC’ Port (shorting via)

< »

10 inches

Top View

12 inches

‘IC’ Port (shorting via)

i —~ 1

\‘Capacitor’ Port Side View

width

410 mils
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Inductance as a Function of

Plane Width
Plane Width | Inductance
(inches) (pH)

10 545
5 709

1352
1 2574
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Inductance as a Function of

Plane Width

Plane Inductance (pH) | Inductance (pH) | Inductance (pH)
Width (Distance=10") (Distance=2") (Distance=1")
(inches)

10 545 173 154

5 709 178 156

2 1352 355 163

1 2574 658 240
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Plane Width & Current Density

a0 a0
Frequency (GHz)/Current (dBmA) contour at frequency= Frequency (GHz)/Current (dBmA) contour at frequency=0
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Geometry for Case Studies — Via Map

16 Capacitors are C s
placed, to maintain : - Copper
the symmetry3 ° thickness
[ [ ) [ [ )
o o000 00 0.6gnil
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R K
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@ 3 loz Cu
4 H 4
127,
{ \ 0.6 mil
0.50z Cu
= 100 mils '~ - - Signal Net Location’
e Reference Net }OZZ“C“i
Possible Power net

Location

44 [aver

3 mil

Dielectric
thickness

3.5 mil

3 mil

3.5 mil

3 mil
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1 & Q2. Location of Power Layer/Caps

=

Power plane at mid Power plane at top Power plane at bottom

ICHEEEEE el 6 Decaps | IC muul 6 Decaps | 1CONSSSSSSSSNENE wem]6 Decaps

Top decaps only

= I el mmm | — = — .
16 Decap 16 Decap

Away from the IC
|

Under the IC
il

Bottom decaps only| Bottom decaps only

[
16 Decap 16 Decap 16 Decap

Power Net under test Reference Net Floating Net



PWR Layer Location — Results

) IZ, 1 - Top Cap | y ohg I, ! - Bottom Caps - Under thg IC

10

===Power plane at Top

====Power plane at Top

m===Power plane Middle

| POwer plane Bottom 10 | =m===Dower plane Middle

0
10

= Power plane Bottom

s a
10 10
-4
10-4 ‘ ] : 10 ‘—4 - 0
10-4 10 10 [GHz] 10
and IC I and
Currents Currents
o
= (.
VL Power y
layer
. L -
Power layer should be closest to the IC, to minimize IC
to power plane inductance. \
Bottom Cap 41

Under the IC



Cap Location

IZ1 | |- Top Pwr

2
10

Top Cap
Bottom Cap-Away
Bottom Cap- Under the IC

0
10 |

2
10

4
10 ~

4
10

::T B e o i Z:IZ:I’E'TZ' ———
v
Bottom Cap Bott(l)lln Cap

Under the IC Away from IC

Effect Results

I - Middle PWR

Top Cap
Bottom Cap-Away
Bottom Cap- Under the IC

107 - |
10 10 10
[GHz]

The capacitors should to be placed on the side
closest to the power plane to reduce the inductance
from the capacitor to power plane.

Capacitor location does not affect the high
frequency inductance.
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Q3. Effect of Ground Planes — Geometries

 — © —
Intermediate GND
planes removed
= — === =
Intermediate GND
planes removed
— 1111 \ 4
All ground planes With top nearby ground plane
IC IC
I I
=+ A
Intermediate
GND planes
e hored Intermediate
GND planes
Intermediate removed
GND planes
111l removed —— L \
With bottom nearby ground plane Only topmost and bottommost ground planes

= POwer Net under test == Reference Net = Floating Net



Effect of Ground Planes — Results

IZ. |- Top Cap
4 11
10 I T
— All GND Planes
Top Closest IC Top Cap
Bottom Closest M r
Only Topmost & Bottommost
0’ . =5 =
N |/ Power
N, (
layer
2
10 - \ Geometry
Geometry and current path for no
) GND plane case
g 10" 10 10 Geometry and current path for all
[GHz] GND planes case

The closest ground plane from the power plane, is most important. Other Ground planes in the

stack up will not affect the L, or L, significantly.
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Power Integrity Analysis Summary

Physical cause of inductance (current path)
identified for each portion of overall path

Value of capacitance not as important as
number of capacitors

Via connection configuration can dramatically
iInfluence inductance

If power/Ground-reference planes deep in PCB
stackup, capacitor placement has less impact
than might be expected
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Design Conclusions

« PWR/GND plane pair close to IC minimizes L,;

« (Capacitors close to the power layer minimize the
inductance L., from the capacitor to the power plane.

« PWR/GND plane separation small

« Placing Caps under the |IC can benefit the design, if board
IS thin, or the plane inductance is large.

« Ground plane closest to the power layer affects the
response most, all other ground layer have very little
influence.

« Ground vias for power return currents placed adjacent to
the ground terminal of the capacitors reduces the
Inductance in the current return path
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