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The Power Deliver Problem

Support DC current requirements of each IC
Support AC current requirements of each IC

Sufficiently suppress AC noise between
separate IC power nodes and ICs

Support I/O return path impedance
requirements

Meet emissions and susceptibility
requirements
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Divide and Conquer

Divide the problem between what is on the
PCB and the requirements and parasitics of

each IC
Results in impedance budget for each IC at
the PCB attach
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What We Can Control On the PCB

PCB stack-up

PCB |laminate selection
Bypass capacitor selection
Bypass network design
Choices interact
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Power Plane Behavior

Power plane cavities exhibit two distinct
behaviors:

Distributed impedance

How the cavity appears to many loads distributed over
the cavity X-Y extents

Very low inductance, modest value capacitor
Thin cavities increase capacitance

Local impedance
How the cavity appears to any given load
Series R-L out to bypass caps & VRM
Thin cavities decrease inductance
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Plane Cavity R/ L

Interconnect Planar Resistance / Inductance

In the X-Y plane, spreading
resistance and inductance
both scale identically

Simulation computations can
be greatly reduced by solving
first as just an R-mesh, and
then reducing the result to a
matrix or RLCs between IC
and capacitor attachment Cavlty Impedance

Square Perimeter / Source 5:1, 2:1
nodes and then solving o 4mil Cavity Zero Perforation
complex Z vs Freq I

Changing the size / shape P A
of a polygon changes |Z]
but not phase AN S

10k 100k 1Meg 10Meg 100Meg 1G
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Cavity Height and Complex Z

R/L behavior depends

Phase Response 48 mil

on. Power Cavity: 20z, 10z Cu

Conductor bulk -4 J—

: 85.0f =
resistance, z et

. - INDUCTIVE 7
Skin effect, s50f REGION /.

: -t 2 -

Conductor relative :' °f/ Pl
permeability, 1.0 for P S

copper _ ,
Cavity dielectric height 250} /| s

Reflected as phase A
response of s00p= v
interconneCt alone 10kHz 100kHz 1MHz 10MHz
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Cavity Height and Complex Z

Thick cavities exhibit

Phase Response 48 mil

almost no local skin Power Cavity: 20z, 10z Cu
effect ool /ﬁ,,{,.,,-—
Local power ] ] z_INDUCTIVE / ,”’
connections inductive  esof- REGON Y o
from 73kHz 20z, — Y
138kHz 10z 4.0 7T %
Z phase 20z crosses s
25 0F A RESISTIVE
45 deg 0.53F of 1oz /.~ | Recion
W/o skin effect w/b o I
0.50F S R R
10kHz 100kHz 1MHz 10MHz
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Cavity Height and Complex Z

Cavity Impedance

Cavrty tranS|t|0n tO Square Perimeter / Source 2:1

Zero Perforation, 10z / 2oz Cu

iInductive response
OCCUrS.
<150kHz for 48mil 1oz
<3MHz for 4mil 1oz
<15MHz for 1mil 1oz

Sk“’] effect apparent 10kHz 00kHz  IMHz  10MHz  100MHz 1GHz
Three key parameters ssot—1 R
. 6502_"“::‘;2:'54%“//’ 4mil ’/’ 1mi|/
are: LTV v

INDUCTANCE, and 4 — /r’ T
INDUCTANCE, and i A ]
INDUCTANCE = ;

1OK7HZ — HWICJ)[I)KHZ‘ ‘ WMHZ T EENET Hz‘ ‘ 1GHz
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PDN as Collection of Local PDNs

Good approximation that
handles worst case-

All ICs draw Iac yax In phase

Approximation becomes
Increasingly accurate for
thick cavities
Spreading |Z| isolates non-
local bypass
Effective divide and
conquer

Second pass optimization
mayreduce final
requirements

PDN as Collection of Local Loads

Power
IC1 Plane Cavity ICc2
m = Spreading Z

] [} |
—AAA
] [}
]

__________
IC (] K !
Power :
Plane Cavity |
Attachments

: Local
g Bypass
- a ‘/Capacitors

|
Spreading
Inductance
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PDN as Collection of Local PDNs

Solve PDN for each IC

first
AdeSt for full PDN as Collection of Local Loads
optimization second WL

Useful tools: Optimize

PIE , HyperlinxE , SI-

WaveE .

. N I
Adjust for resonances
and EMI hot-spots third

Local
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2 Routing Layer Constructions

4 layer, thick power

cavity traditional

Very high impedance
cavity

Typical 300pH LSPREAD to 2 Signal Layer Constructions

IC power ) 4Laye_r ) B_Layer ) B_Layer ) BLaye_r ) BLaye:r
Peripheral bypass caps i = = - i
below 300pH little effect 550 <058 “Covse weree e
< SOOpH RE“GS On Cavity Cavity Cavity

enough power / gnd
pairs directly under IC to
bottom of PCB and caps
to match
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2 Routing Layer Constructions

Add thin power cavity
to center?
|IC Z axis L improves 2:1

Caps can go top or 2 Signal Layer Constructions

bottom B_Layer 6 Lay%r
Total Z axis still very = =
hlgh for caps and IC ) One FRO6 :Dr?e HK04
Fower Power

Cavity Cavity
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2 Routing Layer Constructions

Add thin power cavities

to outside

|IC Z axis very low

Cap attach very low 2 Signal Layer Constructions

L/R spreading very low G 6 Layer G 6 Layer
Bottom cavity natural : i
F)l](#(j|63, or Ei(j(jf? r()L?tEE ( GFWDFRdDB G'ﬂmaHKD4
4mil ), or combination cavmes o Cavies
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4 Routing Layer Constructions

Traditional 6 layer
same as 4 layer

For Tx line return
purposes 2 PCBs, top
and bottom
8 layer constructions
very different than 6
layer
|IC Z axis drops

2 power cavities
Can puddle bottom
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