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PCB Decoupling Capacitor Optimization
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Design Methodology for DeCap Optimization

1. Calculate 1st order approximations

C — Lsupply _ ESLcyup, Max L _ % 72
bulk Zz decap — 52 PDN — %“pkg Target
Target ZTarget

2. Use Target Z to optimize the decoupling capacitor selection
using high fidelity EM models (ADS PIPro)

3. Validate with full Power Integrity Eco-System simulation in ADS
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Modern Applications with Multiple PDNs

Xilinx Kintex VCU105 Board:
Power Planes

15 Major Power Distribution
Networks (PDN)

U60 Bank1

BANK1 DORA 0Q, DQs, Clock Lines w Power paaLe

16 Layer PCB
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ADS PIPro EM Simulation of the PCB PDN

1) IMPORT THE PCB
« Select VRM, Sink, Nets, Components
« Run EM AC Frequency Sweep 2) OPTIMIZE DECOUPLING
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PIPro: Pl-specific use-model and flow

Designed for Usability

 Filter by Net

 Filter by Component

* Right-click to add-to-analysis
* Drag & Drop

» Hierarchical search for complex
selections

» Context sensitive menus e.g. ‘Select
instances connected to ONLY the
selected nets’
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PIPro — DC IR Drop

S5INKs
Name Source Current VRM Voltage Input Voltage Tolerance Margin Pass/Fail
WCCIV2_FPGA_UB0 0.3 A 1.2V 1.14755 W 5% 0.00755 ¥ pass fi
[VCC1V2 FPGA]: Voltage (V) VCC1V2_FPGA_U6L 0.3 A 12v 114749V 5% 0.00749 V pass &
WCCIV2_FPGA_UB2 0.3 A 1.2V 1.14745 W 5% 0.00745 ¥ pass M
WCCIV2Z_FPGA UB3 0.3 A 1.2V 1.14747 W 5% 0.00747 ¥ pass fi
1.17 1.18 VCC1V2_FPGA Ul 0.8 A 12V 1.1463 v 5 % 0.0063V pass &
WCCIVZ_FPGA U24 0.4 A 1.2V 1.14094 W 5% 0.00094 ¥ pass #i
WCCIVZ_FPGA U41 0.3 A 1.2V 1.14687 W 5% 0.00687 ¥ pass
1.1479 V WCCIVZ_FPGA U42 0.3 A 1.2V 1.14715 W 5% 0.00715 Y pass #
VRMs
Name Source Voltage Output Voltage Output Current Telerance Margin Pass/Fail
VCClVZ FET _SWITCH U4 1.2V 1.2V -2.99999 A 5% 0.06 Vv pass &
1.14745V

Voltage and current reported per Via, Sink, VRM

and more!

[ EX YRR Y ]

1.14747 V

1.14755 V

Xilinx KCU105 - VCC1V2 PDN
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[VCC1V2_FPGA]: Current Density |A/mm**Z)

o 0275 0549 0.824 11 137 165 192 22

Power Dissipation
and Current Density
visualization




How to Interpret the Power Graph?
Power graph

Voltage at VRM

DC Results Overview - VDD_GMD_DC

File Options...
Power Graph Sinks | VRMs | Thermal Components ayers | Pin Vias
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AVp 0.6mV AVg 0.1mV
VDD _U13
VoD 1199V 1*13:‘;,
0.10A AV 0.6 my
AVp 0.5mV AVg 0. 1mV
VDD_U14
VoD 1,200V 1*]39"‘;,
0104 AV 0.5mV
AVp 0.4mV AVg 0.2mV
VDD _U15
VoD 1200V 1*139%;‘
0.104 AV 0.6 mY
AVp 0.3mV AVg 0.2mV
VDD _U16
VoD 1133V 1*]39"‘;,
0.10A t

\.

AV 0.7mV
AVp 0.5mV AVg 0.1mV

| ——

Voltage relative to ideal
ground reference*

/" VRM

; VDD_US
VDD _J1 =
L +3%
Vrom = 120 Egi N VDD 1196V {104 v
= : : 1.00 A AV 5.7 mV
: g AvVp 3.6 mV AvVg 2.1 mV

J

ground reference*

.
L
veu,
v,
0
.....
.....

AV,

Total curreht at VRM

Voltage relative to ideal

VDD U5 )
£330,
1.196 V i
1.00 A AV 5.7 mV
AVp 3.6 mV AvVg 2.1 mV

o
o
.
.
.
.
.
.
.
o
.
.
.
.
.
.
.
.
.

0
.
-
tS
-
kS
.
o
.
-
o
-
o
kS
-
S
o
K

IR drop in the power plane

*Try turning ideal ground on and off and
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see how power graph changes
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IR drop in the ground plane



DC Electro - Thermal Design Challenge

WATCH OUT FOR HIGH CURRENT DENSITIES IN THE GROUND RETURN PATH

Electronic devices produce HEAT
Joule losses in metallization produce HEAT

= Heat is transferred to the ambient (conduction, convection, radiation)_._._.______
= Heat causes a Temperature rise in the electronic circuits---""

-
’

Ahient
tempelqture Ty

Thermal validation is needed to avoid
= Component overheating
= Thermal stress /
= Electronic malfunctioning

Metallization (Q
Joule loss

KEYSIGHT
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#1 — Thermal Run Away

Coupled Electro-Thermal Equations

Electric resistance R, [V/A] Thermal resistance R, [K/W]
V,-V,=R_-I T,-T, =R -Q
e B L%
—{  —o —{ +—eo
r T i
V) <« s Vi 2 <4 AT 1
...Where electric resistance R ...Where the injected heat flux Q

changes with temperature T changes with voltage V

KEYSIGHT
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Thermal is Non-Intuitive: IPC Got it Wrong

HIGH CURRENT DENSITY IN A SINGLE POINT GROUND RETURN CONNECTION

27 mil trace = Via Cross Section 200 mil trace >> Via Cross Section

_ _

Temperature Temperofure

— 1= ——
Equivalent cross section via has more Wide trace provides conductive cooling for the via.

conductive cooling than the trace.
KEYSIGHT
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ADS PIPro EM Simulation of the PCB PDN

1) IMPORT THE PCB
« Select VRM, Sink, Nets, Components
* Run EM AC Frequency Sweep

vtt_uc1262_revb [HW_U1_UC1262_REVB_FINAL_lib:vtt_uci262_revb:sipiSetup] (5IPro/PIPro Setup) =[]
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DDR4 DIMM Example — Ships with ADS

DECOUPLING CAPACITOR OPTIMIZATION FOR FLAT Z

PIPto Setup) Y ]
Fle Edit Wiew Tools Help O:xl

Project ®
Wig
® ®
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- File Vi Markes
VOD_GND_AC = 4 iz % 2,300558 2,186424
i o ] O 4 o
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= 13 cal 5 1543176 1729093
9 | decap_2p2uf_s00nh_L.. 0.3 a =
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PCB Decoupling Capacitor Optimization Flat Z with 40%

fewer capacitors

FLAT IMPEDANCE VS FREQUENCY FOR BEST PERFORMANCE

I Result #2: 27 |ecaps, 3 ma

Impedance gga . Decap details

-lofx]
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File Edt view Took Help ——x1
s b ® 1 Yes C14
Geometry z Yes C106
W= ) 3 es 17
Simulati 4 Yes C108
PC4_RDIMM_vO90_RC_FO_20.. MSHens s \ 1o
h — es
JF Mets T ~at 3 = =
[€! Components T ) 'i { Qv Data (2)w 3 Yes 110
L Substrate | g = BH - fes cit
Oopins T sy ah T : = He g Parameters g Yes Cl16
: D e e e T et
= [} Definitions I.q G 9 Yes c119
5 Materials PDN Impedance PONTmpedante [YDDLGND - Soising i e E12)
11 Yes C123
File  Wiew Marker
File  ‘iew Marker e e ‘ =
LiC Part: A
" ¥RMs Open ® YRMs Clased Ll ' WRMs Open @ WRMs Closed IR 13 Vs 31
Sirks Sinks 14 Wes 33
' o I & 0 tmber /| w2l [ 15 es s
O D AREOX I ARP e oo won /[ 0] | @ @EOX I FRT S 0o -
T S Filter Filker Filter Filker N,
(AP s T o 17 Vs c4z
PDN Impedance 10 v PDN Impedance g e
11 Powe Powe 13 s ek
12 Powe Fowe 19 Wes 46
P 20 Ves 54
O PN Pow 21 Yes cos
rrgina pon
Fl Z (et z2 Yes 36
at Pow * 23 e ca7
~ POM Impedance — . - = it Gy
~ S-Parameters E DeS I g n E ] Mo c1oz
(@ clectric Fisld =2 01 g 2 o cios
L @
[ Magretic Figld ° t::' 27 Mo 60
[ current Density @ = & 28 Mo B3
BHl comarata Tact Dan = = 50 o e
| | G = 2
30 Mo Ces
Hiew a1 No c7n
Conductors 32 Mo I 75
33 Mo 76
Diglectrics
001 y = 34 Mo 77
Translucent View: [ f——— = == 35 Mo forl:]
o ] ) [ sl
gniigr els)
o o Freql.llencyr (MHz) w0 o { ) z o A3
Frequency (MHz|
4 Y ] 38 Mo 85 =
| 39 Mo 87 =
40 Mo 91 E
17 )

KEYSIGHT
TECHNOLOGIES

© Keysight Technologies 2019



Voltage Regulator State Spaced Averaged Models

Measurement Based VRM Modeling

Steve Sandler — PICOTEST

&)
<3 PICOTEST

KEYSIGHT
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How to Design for Power Integrity:

7o | Keysight EEsof EDA
= | “How to” Video

I

DC-DC Converter Modeling and Simulation

Steven Sandler
Four

PICOTEST

- Author of

— Power Integrity
A McGraw-Hill

- publication.
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Modeling the Power Integrity Ecosystem

VRM + PDN + Load = Pl Ecosystem

KEYSIGHT
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Sl and Pl Co-EM Simulation

VRM

3D Channel
Models

KEYSIGHT

EEEEEEEEEEEE
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Power and Signal Nets
in the same EM
simulation
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Vendor Specific IBIS Models to Improve Accuracy
« Xilinx Kintex FPGA and Micron DDR4 IBIS models —

a1 Bk :
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Simultaneous Switching Noise (SSN)

VCCO Pin Noise Voltage By SSON

« Shows SSN noise voltage at VCCO pin,

0.008—

which Is similar to the measured data oos
- Both eye width and height are reduced by otz |
SSO noise, as expected. 2 i
« 387.5p = 375p, 510mV > 474mV respectively o004
RS S S o s e s A e |
measuremen t DQ6.Summary measuremen t DQ6.Summary
No PDN - Ideal VCCO With SSON
O T T T T T T T T T T [T T T T[T | Q4 T e e T ‘

KEYSIGHT
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SSO Noise Measured Example
« Simultaneous Switching Output Noise (SSON)

Keysight Infinii : Monday, September 21, 2015 8:14:41 PM
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Summary

» How parallel resonances lead to significant voltage
ringing on the power ralil

» How to calculate decoupling C for a flat target Z
» The impact of Capacitor PCB mounting parasitics

» ADS with PIPro DeCap Optimization for reduced part
count and full Pl Ecosystem simulation
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PDN Disasters Do Exist — Always Look at the PDN Impedance!

Video #1
yn How to Design for Power Integrity: oo

Finding Power Delivery Noise Problems e, 8

- publication.
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Frequency Domain Shows Resonances

Time Domain Excitation — Rogue Wave Failure
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Big Screen Simulation and Measurement Demo

» E5061B Network Analyzer Impedance Parallel
Capacitors

» ADS PIPro Demo of DeCap Optimization
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Hands-On Lab: 190219 _ADS Pl _Lab4 DeCap_Optimize_v2_wrk.7zads

Basics — Instructor Led Demo
Flat Z Capacitor Selection

Explore -
Parallel Capacitor SPICE vs. EM Models

Advanced —
PIPro Decoupling Capacitor Optimization
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