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Sr. Signal and Power Integrity Engineer, Amazon Leo
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Ethan Koether earned his master's degree in EECS in 2014 from MIT then spent
seven years as a hardware engineer at Oracle. He then joined Leo as a Sr. SIPI
engineer. His interests are in commercial power solutions and power distribution
network design, measurement, and analysis.
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John Phillips

Sr. Principal Application Engineer, Cadence
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Kristoffer Skytte has 20 years experience working ¢ 2N John has 30+ years experience working on S, PI,
on chip, package, board and full system analysis - and EMC challenges at the chip, board, and system
including SI, PI, thermal, and EMC challenges. His level in applications including high-end computing
recent efforts are on examining differences between : and mil-aero. He holds an MSc. from Bolton
measurement and simulation. He holds an M.Sc.EE. & University, UK. His current interests are SI/PI co-

degree from the Technical University of Denmark.
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Signal and Power Integrity Engineer, Marvell
sfarrahi@marvell.com

Shirin is a Signal and Power Integrity Engineer
for Advanced Packaging at Marvell. She
previously held roles as a Senior Principal
Software Engineer at Cadence working on SI
and PI tools for automated PCB design and as a
Hardware Engineer in the SPARC
Microelectronics group at Oracle. She received
her Ph.D. in Electrical Engineering from the
Massachusetts Institute of Technology.

simulation and modelling for high-speed interfaces.

Abe Hartman
Senior Principal Hardware Engineer, Oracle
abe.hartman@oracle.com

Abe works on system SI/Pl at Oracle and has
worked at Amphenol TCS, Juniper Networks,
Enterasys, and GM. Abe holds a MS in EE from
UMass-Lowell, a MS in Engineering Science
from Rensselaer Polytechnic Institute, and a BS
in both ME and EE from Kettering University in
Flint, MI.
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Mario Rotigni
Retired
mario.rotigni@ieee.org

Mario retried after a 45-year career in R&D working on micro-
controllers and EMC for automotive applications. He has co-
authored 22 papers about EMC of Integrated Circuits and is a
member of the IEEE & IEEE EMC Society.

Istvan Novak
Principal SI/PI Engineer, Samtec

istvan.novak@samtec.com

Istvan works on advanced SI/PI designs at Samtec and was previously
a Distinguished Engineer at SUN later Oracle. He introduced the first
25um power-ground laminates for large rigid PCBs and worked to
create a series of low inductance, controlled-ESR capacitors. He is a
Life Fellow of the IEEE with 25 patents, author of two books on PI,
teaches SI/PI courses, and maintains a popular SI/Pl website. He was
named Engineer of the Year at DesignCon 2020.
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» Introduction

» Reverse Pulse Technique (RPT)

» Simulation Setups

» RPT Noise Spatial Variation Over Simple PDNs
= Cumulative Power Noise (CPN)

= CPN Analysis of “Real World” DUT

= Conclusion
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» Target impedance-based approach for PDN design focuses on LTI systems

= PCB-level PDN designed to handle low frequency bypassing

* PDNSs supporting high power transients are becoming susceptible to spatial

variation effects

= DC Resistance
» Frequency dependent series plane impedance

= Parallel PDN impedance
= PDN quantities will vary over even a BGA. Measurement/Validation much more

Tresaew,
g Trevwaaay
ey "‘*"Qba\.)

L

challenging to capture this
= Ton of frequency domain impedance measurements
» Full BGA time domain testers do not currently have necessary granularity

= Aim to build intuition for spatial variation and explore this on a real world DUT
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» Frequency domain perspective:
» Energize resonances such that their corresponding ripples crest simultaneously
» Time domain perspective:
» Build transient step responses to as to align and superimpose all the peaks and valleys

Worst-case noise voltage [V]
Impedance magnitude [Ohm] R
0.04 LE0 I WC p-p noise
T

0.03 1E1 J J{
0.02 ! \ 162 / /”(\\___/ f\J/

1.6-3 —

0.01

Frequency [Hz]
1.E-4
1E+2 1.E+3 1E+4 1.E+5 1E+6 1E+7 1.E+8

0.00

. wc exitation sequence
Time [s]

-0.05
0.0E+0 5.0E-5 1.0e-4 1.5E-4 2.0E-4 2.5E-4 3.0E-4 3.5E-4

[1] V. Drabkin, C. Houghton, I. Kantorovich and M. Tsuk, "Aperiodic Resonant Excitation of Microprocessor Power Distribution Systems and the Reverse Pulse Technique,” IEEE 11th Topical Meeting on Electrical Performance of Electronic
Packaging, 2002.

DES,GNCON 2026 '\ L FEB. 24-26, 2026 #DesignCon 8 @ informamarkets

WHERE THE CHIP MEETS THE BOARD




= Experiment on 5x5 grid of nodes: 05..... ® VRM
04 . O Cap
= Each node has: z z @ [oad/Port
S 2
» Load (1A total grid, 0° skew, 10MHz bandwidth) 02.
» Parallel capacitors 01.....
01 02 03 04 05 01 02 03 04 05 c2
= Each 01 row node has connected VRM model Column " Column % % I

= 6x versions of grid having different node connectivity types explored:

= Lumped PDN: Direct (shorted) connectivity

- Ideal PDN: Low Resistance + Low Inductance | PoN Components [ R | L | c |
= Resistive PDN: High Resistance + Low Inductance 0.25mQ 50 nH -

= Resistive-Inductive (RL) PDN: High Resistance + High Inductance 18.7mQ)  20nH 100 pF

= Inductive PDN: Low Resistance + High Inductance e

» Typical PDN: Moderate Resistance + Moderate Inductance
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Lumped AC response [V] RPT [mVp-p]

= All nodes directly attached (shorted) to one another .
5.4 mV 3.7mV
» No plane structure included
1.E-3
= RPT noise: 10.2mVpp
1.E-4

s @—0— 0 @@ Legend
[ /[ [ ® VRM '
\ . (4
O

1.E+2 1.E+4 1.E+6 1.E+8
(©®—
04 | T/

® \_/.\ ) Cap Frequency [Hz] Column
. A\
3 @ /l\ r @ [oad/Port Lumped tran. response [V] Lumped tran. response [V]
1 1

()
\ i)
:[: ffj-w!b 2,063 1.0E-3
(@ a
02 @—@

Row

1.5E-3

.. N 8.0E-4
1.0E-3 ov
6.0E-4
5.0E-4
01 ov
OmOmOmOm0 . poba
01 02 03 04 05 Ok
2.0E-4
Column -5.0E-4
-1.0E-3 0.0E+0
1.0E-6 1.0E-5 1.0E-4 1.950E-6 2.000E-6 2.050E-6
Time [s] Time [s]
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= Connectivity between nodes:

Ideal Plane

0.01 mQ

0.02 nH 0.184nF

= Results very similar to “Lumped PDN” case

» See small deviation between node voltages:

= |Initial inductive spike peak value

DC offset due to load current

= RPT noise: 10.23mVpp

Row

BB @ &\
s @—e—e—©@—©®

)l

@ \ \ N
“e—eo—e0—e—©

@@ @
ks e—e—e—0—@

p p a S
2 @—e—e—0—®

"@—©©-©©

01 02 03 04 05
Column
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Ideal plane AC response [V]

52mv__

3.6 mvV
'l

0.023 mV

1.E-3

1.E-4 l

0.006 mV

1.E-5
1.E+2 1.E+4 1.E+6 1.E+8
Frequency [Hz]

Ideal plane tran. response [V]
2.0E-3

1.5E-3
1.0E-3
5.0E-4
0.006 mV
0.0E+0

-5.0E-4

-1.0E-3
1.0E-6 1.0E-5 1.0E-4

Time [s]
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RPT [mVp-p]

Column

Ideal plane tran. response [V]
1.0E-3

8.0E-4

0.018 mV
6.0E-4 v
4.0E-4
2.0E-4
0.0E+0
1.950E-6 2.000E-6 2.050E-6
Time [s]
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= Connectivity between nodes: Resistive plane AC response [V] RPT [mVp-p]

1.E-2
0.13mV
Resistive Plane 5mQ 0.142nH  0.184nF 1E-3
» Noticeable deviation between node voltages:
1.E-4
= Large spread at low frequencies (DC offsets)
. . . 1'E-5
= Small spread at high frequencies (small inductance) 1E+2 1E# 1E+6  1E8 Column 5
Frequency [Hz]
» Peak RPT noise decreased by ~2x due to added loss Resistive plane tran. response Resistive plane tran. response
. Y% V]
. . . 3.5E-3 .
lowering the firstimpedance peak (5.2mQ—2.57mQ) . .. 25pmy HOES
. 2563 8.0E-4 0.13 mV
* Max RPT noise: ~6.1mVpp 203 |
’ 6.0E-4
1.5E-3
A
1.0E-3 4.0E-4 |
5.0E-4
2.0E-4
0.0E+0
-5.0E-4 0.0E+0
1.0E-6 1.0E-5 1.0E-4 1.950E-6 2.000E-6 2.050E-6
Time [s] Time [s]
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= Connectivity between nodes:

RL Plane 5mQ 1nH 0.184nF
» Noticeable deviation between node voltages:
= Large spread at low frequencies (DC offsets)
= Large spread at high frequencies (inductive isolation)
= Large spread at SRF of higher-frequency capacitor

= Model filtering limits impact of larger inductance,

“large resistance” behavior dominates RPT profile

» Peak RPT noise: ~5.9mVpp

. 24-26, 2026
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Resistive-inductive plane AC
response [V]

2.57 mV

1.E-2
3.6 mVv

0.37 mV

1.E-3

1.E-4
A

0.083 mV

1.E-5
1.E+2 1.E+4 1.E+6 1.E+8
Frequency [Hz]

Resistive-Inductive plane [V]
2.57mV

2.5 mV A
2 mV A
1.5 mV 4
1mV+

500 pV A

0V

1076 10-3 1074
Time [s]

#DesignCon

1.0E-3

8.0E-4

6.0E-4

4.0E-4

2.0E-4

0.0E+0

1.950E-6

RPT [mVp-p]

Column
Resistive-inductive plane tran.
response [V]

0.37mV
v

2.000E-6 2.050E-6

Time [s]
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= Connectivity between nodes:

Inductive plane AC response
V] RPT [mVp-p]

1.E-2

0.37 mV
Inductive Plane 0.01 mQ 1nH 0.184nF

» Noticeable deviation between node voltages:

= Large spread at high frequencies (Inductive isolation)

0.006 mVv 0.083 mVv

= Large spread at SRF of higher-frequency capacitor Y e e ibe e Column
Frequency [Hz]
= Large RPT spread across edge of plane Inductive plane tran. response Inductive plane tran. response
2.5€-3 V] 1 vl
. . .0E-3
= Small spread at low frequencies 5 0E3 s 057m |
. 1.5E-3
= Small RPT spread in center of plane s coba
» |ncreased firstimpedance peak (5.2mQ) and lower 5.08-4 4.0E-4
0.0E+0
loss gives larger max RPT voltage S0E4 2.06-4
. -1.0E-3 0.0E+0
= Max RPT noise: ~10.8mVpp 1.0E-6 1.0E5 1.0E-4 1.950E-6 2.000E-6 2.050E-6
Time [s] Time [s]
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RPT [mVp-p]

= Connectivity between nodes:

Inductive Plane 2.6 mQ 0.142 nH 0.184nF

Typical plane AC response [V]

» Noticeable deviation between node voltages:

» Moderate spread at high frequencies OTO% mv
(Inductive isolation) M e 1ed e L Coumn 2
Frequency [Hz]
n i -
Moderate Spread at SRF of hlgher frequency Typical plane tran. response [V] Typical plane tran. response [V]
CapaCItOI’ 2.5E-3 1.0E-3
. 2.08-3 1.4mV 8.0E-4 0.13mVv
» Moderate spread at low frequencies LSE3 !
6.0E-4
* Max RPT noise: ~6.9mVpp 1083 pors 1
5.0E-4 '
0.0E40 2.08-4
-5.0E-4 0.0E+0
1.0E-6 1.0E-5 1.0E-4 1.950E-6 2.000E-6 2.050E-6
Time [s] Time [s]
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Lumped PDN Ideal Plane Resistive Plane
(10.2mVpp) (10.23mVpp) (6.1mVpp)

1 spread of steady-state voltage levels RPT [mVp-p] RPT [mVp-p] RPT [mVp-p]

* |Impedance variation at low frequencies:

» Impedance variation at high frequencies:

1 spread of initial transient

= Larger peaking/Q in impedance profile:

1 RPT peak-to-peak magnitude

Column Column Column
= Spreading out load in any case: o _
Resistive-Inductive Inductive Plane Typical Plane
| RPT peak-to-peak magnitude Plane (5.9mVpp) (10.8mVpp) (6.9mVpp)
RPT [mVp-p]

RPT [mVp-p] RPT [mVp-p]

05 @—@—@—@—@ Legend
L ® VRM

’\/‘l\%ﬂé@ ®—® o cap
2 /( l _ I @ Load/Port
2 Be@e—e—@ ./_\T/‘

Column
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CPN

= Cumulative Power Noise (CPN) considers AC PDN noise:

N
2
CPN(Peyef ) = ) 1Zin(h) :
n=1 El
£
= Include self-generated noise: examine total noise at victim
= Exclude self-generated noise: examine susceptibility to 0]

aggressors

led le+05 le+06 le+07 le+08
freq

= Phase relationship of xtalk and skew between nodes ignored

f=3.02MHz CPN, 5x5_resind_plane_0sf
Avg -26
Min 49

= Examples (right) are for RL 5x5 PDN grid MR g Magntuce 2 sbove min
= 3MHz frequency dominated by inductive component of example PDNs .....

= >30dB delta in CPN magnitude across grid .....

= Highest noise seen along top row (most isolation from the VRMs) .....

= Slight increase in CPN towards center of the rows due to the .....

higher current carrying capabilities

300
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= DUT: POL, 250A Al application (2.5D simulation)
= 30-layer stackup, 3 power layers, half of layers GND

= BGA: 432 pwr pins, 1400 GND pins

= 500 decoupling caps, 5 different values

= <0.25nH net inductance seen by IC

= <ImOhm impedance 10kHz - 3MHz (seen looking into pcb BGA)

= Spatial filtering above 30kHz between nearby pins
— lumped BGA analysis against target impedance will lead to overdesign

Normalized impedance magnitude [-]
1.E+01

g Same Layer
Decoupling

1.E+00

Self-transfer function
1e01 | N2 Mid-Region Transfer-

function
N2 Cross-Region

Backside

Decoupling
Transfer-function
1.E-02
1E+3 1E+4 1E+5 1E+6 1E+7
Frequency [Hz]
POL converter
— Y3435  —AD3A35  =—[IA3435

Down Here
[22] E. Koether, J. Hartman, K. Skytte, S. Farrahi, M. Rotigni and 1. J. Phillips, "Determining the Requirements, Die vs. Package vs. Board: Multi-level Power Distribution
Network Design," in Designcon, 2025.
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= CPN spatial distribution at 30kHz (excluding self-terms):
= 30kHz is corner frequency of spatial filtering profiles
= Approximately uniform CPN distribution across BGA (less than 0.2dB A)
= Distribution aligns with pure DC behavior

f=30.2kHz CPN, DUT1_Osf
Avg -35 -
Min -35 Magnitude A above min
Max -35
DE‘OZ(U.UXE‘IQ) @ E HE HE E BN BB EEETSH
" E NN EEEEEEEN
.
LI o
-n
L |
-m
[ | 30
- =
L |
.l.- -
25
L ]
"= mEEE ]
= s B EEE
" mnmE [ ] 2.0
" B B EEN
"= = = B N un ] <
" B EEEEEN o
" = BN " EEN =2
avg "= mEEN 158
= nmm [ ] -
" = m B EEEEN [
L] LI ] o
L B ) 10
LI B | -
"= N nn
LI | L
"= Em
n 0.5
- = m
LN |
avg
= 0.0
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= CPN spatial distribution at 300kHz (excluding self-terms):
= Average of 1.2dB A deviation in CPN above minimum value (2dB max A)
= Minimum CPN values around perimeter of BGA, both close to VRM and at other end of BGA
» Close to VRM, less noise is expected due to generally lower impedance magnitude
= At other end of BGA, less noise due to pins having less shared current path, greater isolation compared to
central pins

f=302kHz CPN, DUT1_Osf

Avg -57 -

Min -58 Magnitude A above min
Max -56

Del 1.7 (0.0x avg)
E E B E EEEEEEEETR

[}
[ ] LI ]
L | - [ ] [
[ ] " E EEEEN = mEm
LI | = B B B EEEEEEEE®
nm " B B EEEEEENEEEEN 3.0
LI LI L | - m
LI | LN LN | - .
L " m s m B EE s EESR
LI | " E B E B EEE H E = 2.5
LI E B EEEEEEEEEEEDS
L | = = 5 5 ® " EEEN L]
LI | " g EEEEEEEEEN u-m
L | = nEEE [ E B EEEEETDN
L = 5 EEEBR EEEEEEERN 2.0
U | = 5 EEE " B E B EEEEEENEE® a
LI HE E EEEEEEEEEEENENEENNEG® @
mm L " EEEEN " mnm =
H EE ag " EEEn " mn - man 158
. " EEn L] E B EEEEEN Z
LI " B E B S E N EEENEEEETS vg &
- m LI ] "= = B B B EEEEEN@EG® v
"Em LI HE E EEEEEEGS 10
" Em =5 EEEN *
= nEw " EEEE
= m = EEEE
LI ]
= i B EEnm 0.5
= EEEEER
= B EEEE
=B EEEER
= g B EEEE 0.0
= EEEEE
= n B EEEE
= EEEEE
= @ EEEE
= EEEE
" B E B E &=
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= CPN spatial distribution at 1.45MHz (excluding self-terms):
= Average of 1.8dB A deviation in CPN above minimum value (5dB max A)
» Left hand group of outlier pins, believed to have “weak” PDN support at this frequency (i.e. relatively high
inductance)

f=1.45MHz CPN, DUT1_0sf
Avg -57 -
Min -59 Magnitude A above min
Max -54
Del 4.6 (0.1x avg)
EEEEEEEEEEENE | 'm mmm == == == ==&
A E B E N B EEEEEETR "= = § " N E §F N E E EH B &
E E E E EEEEEEEEE®E 'L =mEE NN ®=&@=
L . |} LI B | L |
LI L LI LN ] -
A E E EEEEEEEEENETR = 'AmEEEE = E ===
HE B E E EEEEEEEESR = @ B § FE E E E NN SN
EE EEEEEEEEEENE g 2 EEE§EEEE=NEENEE=@E®
L un LI = Eom L | = = om
HE N L 1R | L1 | L == -
E E E E B EEEEEEEEE @B 4444 EE E N E S S ENENES§B=5B® 4.0
HE BB EEE N EEEEENEER " E § § §E B §E Em =N NGB :
HE E B E E E EEEEEEEER -55 E E B E E R E EEEE NN
HEEEEHR HEEEHEEN EsE® 5 = =23 = L B N ] "= mon
HE B B E EEEEEEETR L = == LI I | " =
" EER HE N RN [ " m 2 E N EN
| I | HE B RN = mmEE m E E E N EE BN 3.0
L "N NN " & . B E § E N EEENG&® <
[ ] E N EEN 56 g "= mEm mnE N " EE = P
[ ] mEn = - = = = =& L I ] =
" EE > L | L] L B | LI s
u EEE N z L | L] " m E N EEBE
" EEEE 5 = = " " = mEEEEEE = . 208
EEE N 57 L] " = = §F B §E N E N N NN ©
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L} = = om " = @ E N
- EsE®E =¥z = E NGB
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= Low impedance PDNs will see spatial variation in self-impedance and transfer-impedances from neighbors, and so noise
distribution will vary spatially as well

= RPT derived from full BGA (grid) illumination can be a useful metric for quantifying the maximum noise seen by the load device

= RPT noise distribution will depend on the nature of the PDN

= [Resistive Behaving] Impedance variation at low frequencies: 1 spread of steady-state voltage levels

= [Inductive Behaving] Impedance variation at high frequencies: 1 spread of initial transient

= [PDN with Resonances] Larger peaking/Q in impedance profile: 1 RPT peak-to-peak magnitude

= [PDN with Distributed Load] Spreading out load compared to “point” load: | RPT peak-to-peak magnitude
= CPN metric can also be useful for understanding “uniformity” of PDN support for BGA and identifying pins having “weak” support
= RPT and CPN analysis reduced risk for overdesign compared to the target impedance methodology

= RPT and CPN are generic, accessible, and informative tools for analyzing PDN performance while being vendor IP-agnostic. They
are therefore a step in the direction of industry aligned Pl compatibility analysis that both protects vendor IP and reduces risk

of overdesign.
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Thank you!

ORACLE

cadence
Iﬁl MARVELL" Ethan Koether

Sr. SIPI Engineer, Amazon Leo
koether@amazon.com
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Simple Grid PDN: Overlay of RPT Surfaces

[ ideal Plane
[—JiInductive Plane

[ IResistive Inductive Plane
[ Resistive Plane

[ Typical Plane

Legend
@® VRM
O Cap
@ [oad/Port

RPT[mVp-p]

01 02 03 04 05
Column
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= Simple grid PDNs had step responses solved in
SPICE

» Default calculation/convergence settings

» 5 pole 10MHz Butterworth filter used to

bandwidth limit simulation
= RPT generated in Python using SPICE results

= Generation of RPT voltage response can take either

of two tracks

= PDN model SPICE — simulated step

response — Python calculated RPT

DESIGNCON FEB. 24-26, 2026
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Simulate or
measure

RPT
(Max noise

Simulate

or
Step response
PDN description [ s(t)

{schematics,
physical
properties of

interconnects) FOL;FIEF ,
transform

Inverse Fourier Integrate /
transform differentiate

and/or wc
excitation
pattern)

Simulate
or

measure
Impulse
Impedance Y Step response
() response (1)
h(t)
V0102 Step Response
1.5 4 — Profile
>
E 104
@ V0102 RPT Response
% 0.5 4 i —— RPT Profile
g o0
B
0.0 1 E
o
0 20 40 60 80 100 =4
t(s) s
5 5.9mVpp
Pyt h on SC ri pt 0 25 50 75 100 125 150 175 200
Time (us)
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= RPT algorithm generates worst case current profile for a

given PDN:
0.03
1. Identify local maxima and minima of step response s .02
. . - m
and their corresponding time stamps g 0011
o | S o000
2. Identify time stamp of final extremum, t,, —0.01 IR HE R BN NEHN
_ _ o _ 10°° 1075 10
3. Find the difference in time between the final log(t) (s)
extremum time stamp, t,,, and each of the
previous extremum time stamps, ty, t, ..., ty 2 i ! | l ‘ ’
S I |
Lo | I |
4. Reverse sequence of time deltas found in step3to 3 | I y I T .
. — ] ——— | A § T —
order from smallest to largest. The reversed T y - . , - -
0 20 40 60 80 100 120 140
sequence corresponds to the RPT current profile log(t) (s)

edges (transition times) from “low” — “high” and

“high” — “low”, alternating.
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= RPT defined and valid for single point excitation
05 )—@ —@ Legend
| T EEEEE - 99
» Loading a over a region having spatial variation deviates o .

04 .\E. . ﬁf O Cap
1 @ [Load/Port

from this definition g o 3w ’o\—o\—fo *—®
= Experiment loading single pin (1) at edge of grid on VRM row 02. :? iﬁihﬁqi\—i
[0101] and (2) at pin furthest away from this [0505] a | | | | | "% B o
= [nitial peak transient the same in both cases, ~10mV i Column "o
= Steady state voltages different due to discrepancy in DC ~_ Res-Ind Non-Uniform, Grid 0101 RPT [mVp-p]
impedances between rows 10 mV
= Peak noise amplitude at aggressor ::z
= Peak RPT voltage ~30mV 4mv1
» Trend in step responses over spatial distribution align with 2 :‘z
trend in RPT surface plot —zmy s o

Time [s] Column
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= RPT defined and valid for single point excitation 05..... Resistive:inductive plane AC [V]
04

2.57m
» Loading a over a region having spatial variation deviates . . i
2 Ll 374pvV
from this definition Z 107 43 Y
o A
» Experiment loading single pin (1) at edge of grid on VRM row 02 SVZ-WV
[0101] and (2) at pin furthest away from this [0505] 01..... S
01 02 03 04 05 ! |
= |nitial peak transient the same in both cases, ~10mV Column 102 10 106 108

Frequency [Hz]

= Steady state voltages different due to discrepancy in DC Res-Ind Non-Uniform, Grid 0505

. 12 mV

impedances between rows —_—

= Peak noise amplitude at aggressor dl

6 mV A

» Peak RPT voltage ~30mV 4mv A

. e . . 2mV 1

» Trend in step responses over spatial distribution align with :V_
trend in RPT surface plot -2mv : .

1076 1075 1074

Time [s]
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= RPT defined and valid for single point excitation
05. .... s@—0—0—©—©® Logend
04

= Loading a over a region having spatial variation deviates . N iﬁJ.(HL J’/_i[) ° ggg
from this definition 50 3 S _gﬁ? ® Load/port
= Experiment loading single pin (1) at edge of grid on VRM row 02 S A O A
[0101] and (2) at pin furthest away from this [0505] 01..... " olun
= [nitial peak transient the same in both cases, ~10mV : Oi:omiin "o
= Steady state voltages different due to discrepancy in DC RPT [mVp-p]

impedances between rows
= Peak noise amplitude at aggressor
» Peak RPT voltage ~30mV

* Trend in step responses over spatial distribution align with

trend in RPT surface plot
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= Column-wise excitation (only) of RL PDN grid
= Noise non-uniformly increases
» Row-wise excitation (only) of RL PDN grid
= Noise lower than seen with column-wise

excitation when excited row closer to VRM
row (01-03)

» Noise larger than seen with column-wise
excitation when excited row far from VRM
(04-05)

DESIGNCON EZ3 FEB. 24-26, 2026
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Row

Row

Resistive Inductive Plane, Col 05

5 mV A
4 mV 4
3mV A
2 mV A

1mV-

IO OROEOMO 0V

4.06mV

01 02 03 04 05

10-°
Column

10~° 104
Time [s]

Res-Ind, Row 05
5.02mV

s @—e—e—e—@

4 mV A
3mV A
2mV A

1mV -

0V

107

#DesignCon

107 1074
Time [s]

RPT Vpkpk (mV)

RPT Vpkpk (mV)

(Aw) §ddA LdY

30 u()' informamarkets




= Row-wise rolling excitation of RL PDN grid

= = _ Resistive-Inductive plane AC [V]
s @—0—0—0—@ 05
| SoDeE i =l | | [ [
= Turn on/off one row at a time from 01 — 05 “o—o—0—0—@® E _ 04 .
_ s | ] ] S V X =
= 3us period to aggravate 300kHz resonance & *\I.‘ ‘| ‘ -‘ | 2
82.5uv
@0—o—e—eo—@ 0
= Noise builds up in excitation profile T 17T 1T T 1 104 4 3
"©-0-O©6 : 1 [ [
» Transient ripples peak-to-peak magnitude 01 0z 03 04 05 < I TRLF R o0 02 03 04 05
Column Frequency [Hz] Column

decrease as excitations move towards row 05

Res-Ind Non-Uniform, 3u0s LR

= DC deviation grows as move towards row 05
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= CPN curves:
= Virtually no variation below 100kHz
= Above 100kHz see larger spread (>5dB) in CPN excluding self terms
= Less pronounced deviation between CPN values across BGA when
including self terms

CPN CPN

=20

CPN Values CPN Values
— mean =15 4 m— mean

_35 min min
— max

— max 204

) / y
1N /A /

60

-3 | Without self term |

-35

value

O,

led le+05 let08 le+07 leto8 led le+05 1e+06 le+07 le+08

WHERE THE CHIP MEETS THE BOARD
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* Main Netlist — parameters, sub-circuits and simulation options

| g e iy p * Include subckt models and configure grid
I simulation using K¢ ¥ .inc 'network.spi

.inc 'source_ spec.sp'

*filter related parameters
.param fMHz=]
.param fc = {fMHz * le¢ - TRAN
PTIONS RELTOL

Plane parameters .OPTIONS NUMDGT
.param Rp
.param Lp 11 .print tran V(
.param Cp 0.184r .print tran V(

.print tran V(

V(
V(
\A

v (
V(04
v ((

v ((
V(0404
v ((

V(
V(
V(

- v v -
SSS8E
88888
82288
88388

. [."E I,"{/;il.ll []_I e .print tran V( V( V(( V(( V(
; : t[t il : .print tran V( V( V( V(0104) V(
.param Capl=100u Cap2=10ul ;

.param ESR1 18.7m ESR2=3r -end
.param ESL1 )n ESL2=0.

1X Cé¢ settings

.param tdshift=0.1lu tdini=10n tdead=0 tON={tdshift-tdead}
ar: amplitudes g re

1irrer periph
| .param Iperi={1/ Imid={1/4
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«  Circuit models of capacitors, VRMs, plane and current filter (network.spi)

Right Ret PARAMS: Rp={Rp} Lp={Lp} Cp={Cp}

* st
: f"‘" Rp={Rp} Lp={Lp p={Cp}
* st
. RZ = / we *

h 'ARAMS rm_r={Vrm_r} Vrm_ 1={Vrm
*
. RI = {1 / wc *

Cap_m PARAMS: Capl={Capl} ESR1={ESR1} ESL1={ESL1)} Cap2={Cap2} ES

*
. = [ we *
* st

i
~
*
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«  Component placements and grid model (network.spi)

WMo

oo

’

[

o

o o
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+  Source and amplitude configuration (sample for left to right rolling excitation; source_spec.sp)
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