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Power Integrity Concept

What is best DC power plane performance?
» Devices see voltage closet to nominal voltage
v Low IR drop
v Well balanced DC voltages among devices on the same rail
» Low Temperature Rise on Metal
v Low Current Density
» Power Efficiency
v Low Power Loss

What is best AC power plane performance?
» Low noise

v" Low loop inductance

v Low and Flat impedance
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The resistance Rs of a plane conductor
for a unit length and unit width is called
the surface resistivity (ohms per square).
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Obstacles: Power lines are not ideal and have finite resistance and inductance

|; Resistive noise V, = IR|
- Caused by high transient currents drawn by the load
| Inductive noise V, = [ dj/dt|
- Caused by high current slew rates di/dtproduced by the load
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Power Integrity Concept

Power Integrity Concept
if the analysis result is fail, how's the impact?

AC Analysis
1. Add Layers 1. Add Capacitors
2  Add frace Width |:::- Mod if'_-.-" the Schematics

[—) Modify the location of
capacitors
4_ VIA numbers and location 2. Modify the layers:

3. Location of VRM and Sense

E. i Floor plannin
Change the geometry of P g

Cf::. the Power Disfribution i Shape geometry
System

. Change the geometry of
[} the Power Distribution

System

To speed up the design procedure and reduce the frequency of modifying the PDS’s geometry,
we will frozen the PDS’'s geometry after the DC Analysis and simply modify the capacitor's size,
number and location of capacitors, that is:

Change the geometry of Modify the Schematics

DC Analysis I:*r the Power Distribution |__'“ AC Analysis |:L A 5 the Iocahah o
System : LR

capacitors
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Power Integrity Concept

Power

PowerDC
— DC analysis

PowerSI

"~ PDS input

|ntegrity 1 i FD simulation f—» irrqa;?;nce

AC analysis !-—-
| | FOmodels |-—————— - BroadBand Spice
BroadBand Spice '
Some models directly '

1D

PDS modeals

come from FD sim

B8S models

+ |

Current
profile
|_load(t)

Simple POS models (RILIC)

| At ADLINK, We CARE

SystemSI
- Power supply
TD simulation |—> at specific
location V(t)
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Why Is DC Analysis Important?

_lFldrop - AC noise
: B i 20 : 80 (typical)
Voltage droop while chip sinks currtil:t vie) L10 ; 90 (agaressive on DC)
AViw)=Z,,,(o)(0)+IR(w=0) & —
l 1 . | VDD = +1.5V +/- 5%)
2 IRdrop : AC noise = 20:80
i IRdrop =: 1.5V +/-1%
AC noise = +1.5V +/-4°%
Blue curve — PDS voltage with no IR drop ~ Red curve - Same PDS voltage with 50mV drop

AC noise
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o

Neck-down Swiss Cheese on solid plane Dynamic trace routing can cut off the PDS T

* IR Drop is a system level problem - analysis of the entire power distribution
system (PDS) is necessary to optimize the end-to-end voltage margins for every
device on the distribution

W 2 roz Copper PCB

R Sy

Lower is better

PCE layer cross-section image, magnified 200x
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Why Is DC Analysis Important?

Temp ("C)

f

- Current (A)

CPU VEM Temperature measurements under system setup with
water-cooler block and CPU running at 100% loading
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Why Is DC Analysis Important?

Localize Heat in low power net Where to place the Sense Line when there are

. . . Id i more than one device on the power rail?
This low power rail can cause excessive
Via Current plot can be used to pinpoi ith hi urrent flow.

current density on the copper plane because g
of the narrow shape.

Voltage Sense
location

Sohe S

This device sees too high
voltage

Voltage Sense

This device sees too low
voltage

1.08V 1v

This device sees perfect

This device sees perfect

voltage voltage
Excessive IR drop due to narrow and long traces Excessive IR drop due to DC resistance on passive Excessive IR drop on vias
components Fomycropon cach va_|

L 3 Functional problem can be Show Results - Yokage, Currenk & Resistanc olables;Zcanallsd T

( fﬂ'.jm 1 caused by too much IRdrop S,*Nm > ',::: — Norinal Velta .m. .I;;.llt-:(dsra(!(%) Actual Vokans (V) ;';a- n‘f“) i

I even in the low power . IC2 Equal Current 2.6000006.+000 20000006000 | 2.23033684000 X S 176616e 001 -
Il Equal Current. 2.600000e+000 2.000000e+000 2.270782e+000 x -2.77218%¢-001
-\‘RM aBmv ﬁ E7.EmV ﬁ 0.7my ﬁ B17mV

=154 398mv

There is no such thing as zero oam resistor.
~ ‘%“

IR drop target is 66mV

criteria GEmV (23]
[Voltage Totdss _ |Breit description Wax current (A]_JIR drop (mV]
HVCE 50 | 4—159% over the target
FIE} I
218 11
008 - " "
0 < 2.4A flows into each via
51 -
006 -4
2 (3
12 10
2.0 Amps. |5 Amp . Tor < 1 second 50ma
2.0 Amps 10 Amp Max. for < 1 second ‘.
| |

= ADLINK
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Why Is DC Analysis Important?

Electrical affects Thermal Electrical/Thermal Co-Simulation

in One Integrated Tool

- PowerDC N\

Planes with no

Temperatuss(C

Power Dissipation

l 70 . current density 1
electrical RIS thermal simulation

awareness

1A AW T

mHI ghe l':;:.:.- N~
W e

High Current

temperature due to|
Joule {copper) and

; component heating )
A I reases _opper (Joule) heating wi

arrect
\ ire temperature distributions /
-— —

Integrated electrical/thermal co-simulation
: provides engineers with efficient design margins
-Temperature increases due to joule heating from current flowing through a conductor and lower manufacturing costs.

Power Dissipation

+

Current Flow on Metal
18 1 1

| current | | Temperature |

-Without electrical effect, thermal result is under-estimated
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Rule Of Thumb In DC Analysis

Conductor Characteristics
Solve For
= ?
@ Amperage
Conductor Width
Parallel Conductors?
) No

@ Yes

Parallel Conductor Count

2

|IPC-2152 with modifiers mode

Etch Factor: Nor‘lel

PCB DESIGN, INC

Turnkay Electronic Engineernng Solutions

& SATURN -..
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Power Dissipation

0.02601 Watts

Fower Dissipation in dBm

14.1518 dBm

Voltage Drop
0.0222 Volts

Conductor Width
20 mils

Conductor Length

1000 mils
PCB Thickness

63 mils
Frequency @ DC
DC

Conductor DC Resistance

0.01891 Ohms

Total Cross Section

76.00 Sq.mils

Conductor Current

1.1727 Amps

flv]inR"

Options
Base Copper Weight

0.7 mils

Plating Thickness

1.2 mils

Plane Thickneass
@ 1oz
20z

Conductor Layer

) Internal Layer

Units
@ Imperial
) Metric

Substrate Options
FR-4 STD -

Tg (°C)
4.6 130

Temp Rise (°C)

L]

10

|

Temp in {(°F) = 18.0
Ambient Temp (°C)

25 =

-
-

Temp in {°F) = 77.0

@ External Layer

Information

Total Copper Thickness
1.90 mils

Conductor Temperature
Temp in (2C) = 35.0

Temp in (°F) = 95.0

I Print ] ISoIve! l

VIA Thermal Resistance
N/ A

VIA Voltage Drop
NSA

I

A
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Rule Of Thumb In DC Analysis

Conductor Characteristics

Solve For Plane Present?
i = e
@ Amperage
Conductor Width " Yes
Parallel Conductors?
_' No Parallel Conductor Count

@ Yes 2

IIPC-2152 with modifiers mode Etch Factor: Nor‘lel

Power Dissipation

0.02507 Watts

Fower Dissipation in dBm

13.9911 dBm

Voltage Drop
0.0227 Volts

& SATURN -..

PCB DESIGN, INC

Turnkay Electronic Engineernng Solutions
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Conductor Width
25 mils

Conductor Length

1000 mils
PCB Thickness

63 mils
Frequency @ DC
DC

Conductor DC Resistance

0.02053 Ohms

Total Cross Section

70.00 Sq.mils

Conductor Current

1.1049 Amps

flv]inR"

Options
Base Copper Weight

1.4 mils

Plating Thickness

1.2 mils

Plane Thickneass

@ 1oz
2oz

Conductor Layer

I @ Internal Layerl

) External Layer

Information

Total Copper Thickness
1.40 mils

Conductor Temperature
Temp in (2C) = 35.0

Temp in (°F) = 95.0

Units
@ Imperial
) Metric

Substrate Options
FR-4 STD -

Tg (°C)
4.6 130

Temp Rise (°C)
10 ]

| ==
Temp in {(°F) = 18.0
Ambient Temp (°C)

25 =

-

Temp in {°F) = 77.0

I Print ] ISoIve! l

VIA Thermal Resistance
N/ A

VIA Voltage Drop
NSA

I

A
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Rule Of Thumb In DC Analysis

Via Characteristics

Via Pad

Ref Plane
Opening —»

Via Plating

Ref Plane

IIPC-2152 with modifiers mode |

Via DC Resistance
0.00131 Ohms

Via Capacitance

0.8172 pF

Via Inductance

1.3528 nH

Resonant Freguency

4786.703 MHz

Via Impedance

40.685 Ohms

Step Response
36.5744 ps

K SATURN -..

PCB DESIGN, INC

Via Hole Diameter

10 mils

Internal Pad Diameter

20 mils

Ref Plane Opening Diam

30 mils
Via Height
63 mils

Via Plating Thickness

1 mils

Power Dissipation

0.00289 Watts

Conductor Cross Section

34.5575 Sq.mils

Via Current

1.4852 Amps

[
Turnkay Electronic Engineenng Soluticns H u m s
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Options
Base Copper Weight

1.4 mils

Plating Thickness

1.2 mils

Plane Thickneass

@ 1oz
20z

Layer Set
012 Layer
@ Multi Layer
) Microvia

Information

Units

@ Imperial

) Metric
Substrate Options
Material Selection

FR-4 STD -
Er Tg (°C)
4.6 130

Temp Rise (°C)

L]

10

|

Temp in {(°F) = 18.0

Ambient Temp (°C)

-

25

-
-

Temp in {°F) = 77.0

I Print ] [Solve! ]

Power Dissipation in dBm VIA Thermal Resistance

4.6090 dBm

Via Temperature
Temp in (°C) = 35.0

Temp in (°F) = 95.0

182.1592 Deg C/Watt

VIA Voltage Drop
1.9459 mV/

I

ADLINK
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Rule Of Thumb In DC Analysis

The numbers were extracted from IPC-2152, for 1mil plating thickness and no copper

planes. If copper planes are present, then the temperature rise will be lower.

(mil) 10°C temp rise | 30°C temp rise | 45°C temp rise
(A) (A) (A)
8 i 2 2 2.3

10 1.4
16 1.8
20 2
40 3

| At ADLINK, We CARE

2.3
3.1
3.6

9.9

2.8

3.8
4.3

6.8
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Rule Of Thumb In DC Analysis

- | - I I am "
Constraints Setup ~) |8 : [ | vomw Only Active Layer
ISet up E-Constraints! I '; Eﬁpk:r Gcw:tx'lr-rﬂhjcﬂm By
= S .
Simulation a) 3 S via14102(4) (®) piet Cobor () Layer Colar
] Si - rg_: ‘_"““‘Fap\tg bottom
Check Errars/Warnings - —
Save Files \ = Via14100 ()

Start Simulation

Top to Bottoriy

Constraints Setup -> Wi Curnent/Cunent Density
it | Wi :-':.'-.-.’I ¥ia Current/Current E}!uﬁil:r] Plarie C
Constraint on Global Via Current (A):

Constraint on Global Via Current Density (&jmm3): | i Yaldiiits O setup i (=) Setup Padstack

Bottom to Top
PadStads Mame | Mandmum Current (A} = Via14103(+)
| ar Top te bottom |

Your constraint and actual current will be displayed in the Global Via Current tab of the Results table:

| Results and Report -> Glebal Via Current (7 of 7 Farled)
!.'.-:__ ar Lass | Probes Measrament Global Wia Current | Global Vis Current Density | Speafic Via Current : el PlaAs Correrit D ot |l Plase Currenl Decaty | Teses Cuirenl Decisiby
| ia Name Nat Poa () PosY [mm)  Startlayer Lippear Made EndLayer L Mische Padstack M Al Current (4)
Current [A)
i Via14095:: +... +1.5¢ 274,32 313.36  SignalsTOP Mode96515::+... Signalsll ModeSa516::+,..  WIA-22-10HOLE 0.5 1.2532
| Wial 9097 4., LY 214,32 212.09 Signal$TOP ModeS6517:+... Signalsll ModeSE518:+... VIA-22-10HOLE 0.5 0.71518%
| Vial4100:: ... +1.5% Z273.05 21336 SignalsTOP Mode96520:+... Signalsll Mode6521:4.,. YIA-22-10HOLE 0.5 1.96813
; Vial4l02:z +... +1.5¢ 273.05 212.09 Signal$TOP ModeS6522::+... Signalsll Mode36523::+.,.  VIA-22-10HOLE 0.5 1. 26348
| Via3BE73::GND CGMND 272.415 215,773 Signal STOP Mogde5037; :6MD SignalSBOTT... Node20262:CMD  YIA-22-10HOLED 0.5 -0.832212
| Wia38ETTGND  GHD 273.685 214,757 SignalSTOP Fode 5036 :GND SignalSBOTT... NodeS0235:GND  VIA-22- 10HOLED 0.5 -0.825979
| Yia38878::GND  GND 272.415 214,757 Signal$TOP MNode50350GND Signal$BOTT... ModeS0230:GND  YIA-22- 10HOLEO 0.5 -2.56298
1
[ —| "
= ADLINK
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Simple structure design case study

Sink Device, Sink Device,
105 A 105 A
Single-Board/Package E/T Co-Simulation 2 \

Workspace (~)
Create New Single-Board Workspace
Load Existing Single-Board Workspace

Simulation Mode ) CN2 CN3

+" Enable E/T Co-Simulation Mode
tnable [hermal-Unly Mode

Initial Setup (&) B rower Pin
Load a New/Different Layout _
Check Stackup . Ground Pin

Set up P/G Nets Signals Pin
Launch Analysis Model Manager

Power Source
Connector, 12V

| At ADLINK, We CARE TRennotogy e



Simple structure design case study

Layer Manager -> Stack Up X rLayer Manager -> Pad Stack (C62D44) X
Stack Up | Pad Stack | Stack Up | Pad smckl
Layer # @ Color | Layer Icon | Layer Name Thickness(mil)| Material Conductivity(S/m) | Fill-in Dielectric | Er | Loss Tangent PadStacks : Xsection View Layer PadTyp 'Shape ¥ width Height ¥ offsetx '
] Medium$medium4d 0.7 FR4 0 ~DefaultPadStack 0l =
1 Signal$TOP 2.3 copper FR4 can EM 80 E defaultlibL Regu... | Circle: 52| 62
Medium$medium42 6.5 FR4 0 C62D44 Anti 74 74
2 Signal$L2_GND 2.4 copper FR4 Co0D72 Ther...
Medium$mediuma4  11.8 FR4 0 ey I Bl signalsTOP  Regu... Cirde 62 62
3 Signal$L3_PWR 2.4 copper FR4 e | m | )
Medium$medium4s 9.5 FR4 0
4 Signal$L4_PWR 2.4 copper FR4 REGHSIAIS : ;
Medium$medium4s  11.8 FR4 0 et i Outer diameter: i
5 Signal$L5_GND 2.4 copper FR4 SEGTEEL i I Plating thickness: |1 I mil
Medium$mediums0 6.5 FR4 0 Current default pad stack: o
5 Signal$BOTTOM o copiat TR ~DefaultPadStack Conductivity: I:I S/m Use default conductiv
; Medium$mediums2 0.7 FR4 0 e I Select material: | copper I,l
| i | !
New || Delete
Total Thickness: 6.1700e+001 mil I View Material l Import | _Global Platirlé Thickness—
I Export HAuto Set Layer Special Voidil Filter... | | =
| unit: [mil |~] oK l| Cancel | Apply unit: [mil | v | oK | cancel || pply

Set the plating thickness is important for IR drop analysis.

Set the material is important for thermal analysis.

e é ADLINK
| At ADLINK, We CARE SRR, TECHNOLOGY INC.
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Simple structure design case study

Voltage Drop Analysis Setup -> Set up Sinks

| Assign | Tolerance ‘% |*
| s . . Sink Name Model Mominal Voltage Power/Ground Met Upper Lower | P/F Mode Current (A)
| Single-Board/Package E/T Co-Simulation ) Tolerance(+%) | Tolerance(-%)
Wnrkspa:e SINK_CM3_P12Vv_GND | Equal Current 12 P12V_GHND 1 1| Worst 105
............................................................................................................................ SINK_CN2_P12V_GND | Equal Current 12 P12V_GND 1 1| Worst 105
SimulatonMede )] Dol
Initial Setup - Equal Current
. ] 2 If the model is selected, equal currents will flow through all the layout nodes connected with
Analysis Setup - the same pin of a SINK.
Elestrical & Actual Voltage
Set up VRMs
Set up Sinks For Equal and Unequal Current model, a voltage value is computed for each layout node.
ok Layout nodes connected with the same pin may have different voltages. The Actual Voltage
ot A 5 f " d‘ - of the SINK is calculated based on Pass/Fail(P/F) mode.
up het Node etc,
Thermal ()

Constraints Setup

Voltage Drop Analysis Setup -> Set up Sinks

Simulation

Results and Report

- At ADLINK, We CARE

I

Assign | Tolerance % |v
i " Sink Name Model Mominal Voltage Power/Ground Net Upper Lower| P/F Mode Current (A)
(v Tolerance(+%) Tolerance(-%)
SIMK_CMN3_P12V_GND | Equal Voltage 12 P12V_GND i 1} Mot In Use 105
SINK_CM2_P12V_GND | Equal voltage 12 P12V_GND 1 1} Mot In Use 105
2

TECHMNOLOGY INC.




Simple structure design case study

Single-Board/Package E/T Co-Simulation ™ ° Objecti\/e: Setup ambient air flow and board

i ® orientation.
Simulation Mode (v : : 2
v s " Explanation: Ambient air flows and board
nitia up (v e 5 .
orientation will affect heat transfer.
Analysis Setup )
Electrical (v) . B
¥« Procedure: Fill the menu (see blow).
[Ihemal L‘c’j Gptions
Set up Ambient Temperature = @
I Set up Ambient Cnnditionsl Ganeral \3 Change the ‘Thermal Anolysis® options in PowerDC
File Manager
""""""""""""" Save (-‘rfms
Select Thermal Components : -~ a Ambient air flow
ayoul | r— o, [ ey
Set up PCE Components i arel Lt rflow |2 mis [ Cakukor
Set up PEG-Die r:";cl:ssn:
Set up PKG-BGA B Chuci o O 2 sy
Define External Heat Sink Wlaoivew PBbatton: @ s
Optional: Add Thermal Test Board Qualty _ T gt :Imm
Cnnstraints SEtup '\:f) s““:ﬁ,‘,z{::ﬂ:s;:,},g,l . =} Harizontal O Wartical Fan Flow Rate: :CF”“'\&MH)
Simulation (Advanced) (%) | ;
Simulation i\:,') Sat dmbient Temperature o T\ et i 6 2 | i
. Treat Pad As Shape ﬁfw&mr?jgﬁwl?‘tﬁmm heat transfer coefficents [wrx;:ctnn 4lfadet|lun:lgasad uiJ d 1"
— RSS2 2 AT calculator based on fan
Rt sl Ruppoet © el s Clpcaten: - Wim"2-C) diameter and flow capacity
. . . / S;mlﬂhmdno : [IPCE bottom: ) | l(\wm"Z{) L
This section is for heat transfer experts only. [racias (Carponmit) s
By default, PowerDC will generate effective ClPackage (camponssi sie: A
heat transfer coefficients (convection +
radiation) based on ambient conditions and — ; :
board Orlentatlon. Defauk Apphy | oK Cangel

4 ADLINIK
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Simple structure design case study

00 o 500 800 1000 1200 1400 1800 1800 2000 2200 2400 2800 2800 3000 3200 o 1000 1200 1400 0 0 2000 C 5400 "~ 200 2000

o 2
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Simple structure design case study
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Simple structure design case study

Iu I2Da Iwa Ieﬂﬂ 800 1000 1200 1400 1600 1800 2000 2200 2400 26800 2800
[ERTH EETRYRRET FAPTTRTETE T KRR

2000 3200 HJOC‘l I'ZD?
[P ETTTN FYERTIRTS IRETRRRH AT 1 ERTERRTH P

2800 3000

i

o

=

A
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Simple structure design case study
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Simple structure design case study

CN2 CN3
Anti-Etch
Anti-E&

Add Ground
Via Arrays
0000000000 CN1

00000000

I ) - Via295:GND
“aaw -

000000000

- GND 00000000 O

000000 000

A
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Summary

1. The following DC analyses are described as necessary verification items. Missing one
or more analyses may degrade the system performance and lead to the product failure.

(a) Actual DC voltages at devices with thermal effect
(b) Current density and temperature on metal

(c) Current carrying capability of interconnect

(d) Power and ground pin effectiveness

2. The HTML report can be used as the design checking and reference. Simultaneous design process

Design Entry
Pre-layout simulation
Design . . .. Layout with constraints
Entry ’ PCB Layout . Fabrication ’ Test ’ Re-spin . Fabrication l
o ) Post-layout simulation
Traditional design process { |
Fabrication

e = ADLINK

At ADLINK, We CARE P,  TECHNOLOGY INC.



Thanks for your attention®™
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