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« Overview of current design and test trends

* Power delivery network complexity

* Power rail impedance finds worst case failures

 Target impedance and root cause of ringing on power ralil
 Designing for flat impedance

* Power integrity workflow
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Digital High Speed Electronics Are Everywhere

Smart Cities
Every year, designers push new limits:

Faster data rates, lower power, smaller components, higher levels of

integration
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Smart Devices Smart Compute Smart Automotive Smart Energy
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Technology Waves Driving Higher Throughput

PCle 5.0 (32 Gbps) Thunderbolt 4 (26 Gbd) B Computer: PCle, USB, Thunderbolt

B Mobile: C-PHY, D-PHY, M-PHY
B Display: HDMI, DP, eDP
B Memory: DDR5, LPDDR5, GDDR6

USB 3.2 (10 Gbps X 2) USB 4 (20 Gbps)

C-PHY 2.0 (8 Gbps) D-PHY 3.0 (16 Gbps)

D-PHY 2.1 (4.5 Gbps)
C-PHY 1.2 (3.5 Gbps)

M-PHY 4.1 (12 Gbps) HDMI 2.1 (12 Gbps) M-PHY 5.0 (23.3 Gbps)

GDDR 6 (16 Gbps)

e o o
‘ 2016 ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘

Current

GEN 4 HSIO: 4-10 Ghps GEN 5 HSIO: 10-23 Gbps
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5G Networks Timeline

0 5G NR Connections
2017 3GPP R15
Dec: 5G NR NSA freezi:J

(pulled in 6 months)

1
2017 Milestone
Q4: Verizon Pilots 5GTF 28Ghz Fixed Wireless in 11 cities
_‘

2018 Milestone

5G NR Fixed mm-wave

2020 Milestone
Jul/Aug: Summer Olympics Japan

5G Commercialization
Announcements

1B 5G NR Connections

FW FR2 Oct 2018
FW FR2 Dec 2018
FR1 Late 2019
5G NR March 2019
5G 2020 (Late 2019)
5G Early 2020

1
1
l Q4: VZ & ATT launch
1
|
1

-.

2015 Milestones ! 1
Sept: 3GPP 5G Workshop

Nov: ITUWRC 15
»

2018 Milestones
eb: Winter Olympics, S. Korea

: 2019 Milestone
Summ’er: W%rld Cup, Russia

Nov: ITU-WRC 19

@ -——————————————

2022 Milestone
Summer: 2" Phase Commercial

| 2015 | 2016 | 2017 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |

R13 R14 5GNR R15 R15 R16

NSA SA Late Drop

R17?

3GPP 5G “Phase 1”

3GPP 5G “Phase 2”
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Design & Test Requirements are Growing Exponentially

Wireless EMI/EMC and
5G NR :
Coexistence Regulatory Test
20x more Wi-FI, Bluetooth® 20+
conformance tests GPS, FM Radio, IEC & European (EN)

than 4G 4G, 5G,NFC, RFID, Qi Standards
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Failing EMI Is Expensive

FINAL PRODUCT MUST PASS EMI/EMC REGULATIONS

Conducted Emission Testing

Earth Grounded Vertical
Conducting Surface

EUT

EUT—4
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Electrical Schematics vs. Layout

POWER IS THE FOUNDATION THAT CONNECTS TO EVERYTHING

Modern High Density Electronics
* 1000s of nets

« A web of interconnected point of load power supplies

« 1 ground net
» Barely noticeable on a schematic

* Typically the largest copper net in layout
* Noise path connected to everything
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Power Integrity — Not Just DC

W Camera Key Take Away:

Post LVDS(GbPS)  ppr vemory Power Integrity Engineers
=~ 4 need RF/uW design and
measurement tools!

Immunity

y

Cross Talk
Automotive Ethernet

(100Mbps) jon ! THE COMING INAUTONOMOUS VEHICLES

Noise

DC-DC
Emiésion Power IC ECU = SONAR -

Power Supply Impedance

PER SECOND

PER SECOND

Power Delivery Eco-System _— R L T

« Many Point-of-Load power supplies new i
dl " PERDAY...EACHDAY ——
- Low Voltage, High p Switching Loads e (inteD -

dl
+ Target Z to reduce broadband L dt Voltage Noise Note: A Point-of-Load (POL) Power Supply is typically a
Switched Mode Power Supply (SMPS) with a Buck Regulator
DC-DC Converter design that the Microprocessor PCB world
often calls as a Voltage Regulator Module (VRM)

* Power Supply Rejection Ration (PSRR)
 DC-DC Converter Switching Noise and Stability
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Old Methods Fail to Detect Worst Case Failures

DATA TX/RX FAILURE, OVER VOLTAGE, EMI/EMC, CROSSTALK

Old Method:
Step Load
Transient Test
(False Positive)

PASS
Datasheet
Design

KEYSIGHT
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File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

Offline

Natural Response
Response

= I

\

Load Current

| E.Fné!(‘ I

Step AC Load
Load

New Method:
Finding the
worst case Load
FAIL
Over Voltage
Tx/Rx Bit Error
EMI
Crosstalk

Key Take Away:
Forced response is
worst case, not the
data sheet step load.
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Power Rail Impedance is the New Way!

IMPEDANCE PEAKS IN THE FREQUENCY DOMAIN CAUSE POWER RAIL RIPPLE

Forced Excitation at Peak Z Frequencies

KEYSIGHT
TECHNOLOGIES

Vripple = Itransient * Zpdn | g re——
o L

. ~ Q@loov =ahy
_ N | Key Take Away:
ITL_ M | Voltage Rogue Waves are Real
Impedance Peaks Help Predict
Worst Case Load Transients

=]

(P_T {r nnnmn Rogue Wave Captured
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Target Z Keeps Getting Lower

FLAT Z DECOUPLING CAPACITOR OPTIMIZATION

« EM simulation and Measure Based Models Enable Low Z Designs

 Flat Z Optimization Lowers Cost, Reduces Risk of Failures, Maximizes Performance

MGTAVTT DeCoupling Capacitors Optimized for Target Z

100

High DenS|ty PCB De5|gns

Decoupling Capacitors

=
L]

m

=

o

By Target Z

e | .

3 T

2" A

3 - ,{,ﬂ/ Optimized

3 ' /"‘*& v DeCap

0.01 Ak _‘:&‘_:—_-_i___'___i;- — O |
S / Original Design

o >0 o DeCaps 100
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Frequency (MHz)

Yes
Yes
Yes
Yes
Yes
Yes

Yes

C190
C215
C216
C218
C303
C305
C750

330 uF
330 uF
330 uF
330 uF
220 nF
220 nF
220 nF

40% Fewer
Components

Fewer solder
joints higher

reliability
Yes C753 220nF
Yes C757 220nf
No 217 100w | |Key Take Away:
No a3 A0WR IF|at Z design over
No €315 4.7uF . .

a wide bandwidth
No C316 A4.7uF _
vo cs azu | |DIVES the best
Nno 779 474 | [performance!
No C780 4.7uF
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* Power rail impedance finds worst case failures
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Power Integrity Target Impedance

TARGET Z TIMES DI/DT CURRENT TRANSIENT IS THE VOLTAGE RIPPLE

Voltage PCB Power
Regulator Distribution

Package +
Die Circuit

Module Network LOAD

VRM PDN

; Pkg
Pkg Caps Die
Substrate

Target Impedance Calculation

A\/Max Ripple

A I Max Transient Load

VA

Target —

KEYSIGHT

TECHNOLOGIES




Where Does the Ringing Come From?

ENERGY SWINGS BETWEEN THE L AND THE C

Energy stored in Energy stored in
the Magnetic Field the Electric Field
di dV
V() =L— = |
() =L— ilt
/Z = jwL 7 - _ —
jwC Y

FEL F==C

Phase V Leads | Phase V Lags |

KEYSIGHT
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Root Cause of Ringing on the Power Rail

PARALLEL INDUCTANCE CAN RESONATE WITH THE DECOUPLING CAPACITANCE

Parallel L-C in the PDN

_E-N\/‘-xw.b

Lsupply
T

Flat VRM

LCparallel

| L
(i% Cdecap
E LCbulkI ESLCdecap

ESRCdecap

C
C1
L

__ C=100nF
S L1

L=6 nH
R=20 mOhm
R

R2

R=20 mOhm

|_AC
1AMP

G> Freq=freq

1 Amp
AC Sweep

Impedance (Ohms)

Impedance vs. Frequency

— —
o o
o ©
3 3

1.00m

1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E96E9

freq, Hz
Zpeak=1.5 Ohms

Z0=250 mOhms
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Bandwidth of the Power Supply Control Loop f,,,1,

15t Order SOLUTION
Design for Flat Impedance at the

PROBLEM
The Load can make the Power

Supply Control Loop go unstable output to keep V and | in phase

and the feedback stable.

Frequency Domain Time Domain

JEq Power Supply Output Impedance 1 5Voltage and Current vs. Tim(? .
[~ 1. T
5 I _No Control i
2 4 Controlled+— . “ wL A 08 o
< ngh Z 10 . X0
o Power Supply < 0.6 &
8 1E-1- Simple R-L Model = ] 2
© O —
S WA — > 0.4 3
8 1po — | V=R L > 3
B ' | Step Load Forced |24~

1E-3 x ! x x x x x 0.0—1 | n—n—MILo.o

1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9 6E9 100.0n 10004 10.00u 50.00u

LOG SCALE freq, Hz time, sec LOG SCALE for time
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Transition from Power Supply to Bulk Capacitor

DESIGNING FOR FLAT IMPEDANCE

_|:-\IW‘-1M|!1
V_ R Lsupply_‘% Cbulk
. PROBLEM . 1st Order SOLUTION Ztarget
Find the decoupling capacitor that Add Bulk Capacitor to
will maintain a Flat Z Load for the S li:)m edance Lsupply
Power Supply P Cbulk — 72
Target
Frequency Domain Time Domain
Power Supply Output Impedance Voltage and Current vs. Time
= 10.0 7 15 1.0
fsupply / e 1 | .
2 00 1 | % OLsupply | Flat Z Design 08 g
S yd 1.0 -3
@ | g 1 0.6 5
: o Target Z // 3 R-L Supply =
5 A/g s Flat Z Load = 0.4 >
2 10.0m = | = - 0-57 3
B OWer | ecoupiing 1 Step Load Forced [02<
' 00m Supply Ideal Bulk C ] I
"4E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9 6E9 0.0 l ‘ n—n-MILoo
LOG SCALE freq, Hz 100.0n 1.000u 10.00u  50.00u

KEYSIGHT

TECHNOLOGIES
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Capacitors Have Series L and Series R

SELECT ESR FOR FLAT Z PDN, MINIMIZE THE ESL

Capacitor
Model

R cap
C

Lcap

Impedance Equation

1

Z = Rcap + (ijcap _]R

1
21 [Legp X €

fcap —

Voltage and current are in
phase at f,

cap

)

Series RLC Impedance vs. Frequency

Log |Z]

Rcap T

phase of phase of
Vlagsl Vleads ]I
—
Log f

KEYSIGHT
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Adding Decoupling Capacitors to Reduce L

Frequency Domain

—y
=]
i

Impedance (Ohms)

Power Supply Output Impedance V?
10.0 ~ c
~. Decap2 LVRM
“\/ 1.5 uF 15 nH /’J
1.00 - e
e
e
100.m- ‘3\ LdecapZ
. 100 pH
10.0m- \ \Flat Z Extended
Target Z
24 mOhms
1.00m | | | | | |
1E3 1E4 1E5 1E6 1E7 1E8 1E9 ©6E9
LOG SCALE

KEYSIGHT
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freq, Hz

Parallel L-C in the PDN
Liprat vRM

W
R g Cﬁ“ﬁ'ﬁﬁ_l_ CdecapZ

L LCdecap2
Cdecapl

R RCdecap2
Cdecapl

Ldecapl

2
ZTarget

Cdecapz —

_ 875pH
(24 mOhm)?

~ 1.5 uF



It’s All About the Load and Noise Sources

-~

Devee \ Power Supply Noise Limits @ Package Ball

e | Power Supply Noise Spec: 10mV pk-pk
PDN
= "/
Mission Mode | t Die vs PCB | - - .
O st i skt B External [injected] noise
1E1 -4
; PCB PON Open
: o
5 | Device
8 e
g 1| Packag vdie
g | PC8 PON 15 mOhm I EDN
= €2 +
I ( 10mV |
PCB PON Shont e ‘ NS
13 : 1 1 1 1 ‘ \L_E/
1E3 1E4 1ES 1E6 1E7 1E8 1E8 6E8 Die Violtage with 10mv @ PEGKDQE Pin -
Frequency, Hz 2E-2 |
1E-2
|
. . . . 1E-3— ¥
Self-induced [inflicted] noise 3
3 |
2 ea |
1E-5—
1E3 1E4 1ES 1E6 1E7 1E8 1E8 BES
K Frequency, Hz j
KEYSIGHT 24
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VRM + Load and No Decoupling Capacitors

PARALLEL RESONANCE CAUSES AN IMPEDANCE PEAK

04 >
3

Frequency Domain Time Domain
. Impedance at the Package Pin \1/90Itage and Current vs. Time -
\ No PDN S ] 0.9
S Decoupling Package/Die 1.05- o3
% Decouplin > 1 Decoupling 0.6
8 1E-1 Control = 1.00 05
© g 7
§- J
E 1E-2 0.95- 033
1 Step Forced 0.2
] 0.1
1E-3 w w ! ! ! ! ‘ 0.90- / ‘ | 0.0
1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9 6E9 100.0n 1.000u 10.00u 50.00u
freq, Hz "
Ime, sec

KEYSIGHT

TECHNOLOGIES

peoT deis



The Wrong Capacitor Can Add Parallel Resonances

INCREASES PART COUNT TO REACH TARGET Z

Frequency Domain Time Domain

. Impedance at the Package Pin \1/c1)(!tage and Current vs. Time o

Low ESR 100 uF | 0.9
- Capacitor Target Z 1.05- 08
£ 1 0.7 F
e r ©
o S 1 jO.G =
® 1E-1- 5 1.00- "N\ \0.5 8
-§ <>D ] jO.4 /3);
5 0051 Step Forced |03 3
£ ) ———— . 907 r ~

152 Package/Die ] 02

VRM 5 i A 0.1

e, Control ecoupiing 000l—1 | [,

= I I I I B I I I
1E2 1E3 1E4 1E5 1E6 1E7 1E8 1E9  6E9 100.0n 1.000u 10.00u  50.00u

time, sec

KEYSIGHT

TECHNOLOGIES



Flat Impedance PDN Design

FLAT Z = MAXIMUM STABILITY AND MINIMUM RIPPLE

Time Domain

Frequency Domain _
Voltage and Current vs. Time

Impedance at the Package Pin

. 1E1 . 1.05 1.0

0.9

Flat PD.N Target Z 1.03- 0.8
5 1 Decoupling 0
_g 50.7 ko
o < 1.01 50.6 s
S 1E-1- g 1 — 05 &
s > 0.99- 042
qé& 033
= 1E-2 ' 0.97- 02

VRM Package/ple A Step Forced o

., Control becoupling oos—1 00

1E2 1E3 1E4 1E5 1E6 ' 1E7 1E8 1E9  6E9 100.0n 1.000u 10.00u 50.00u

time, sec

freq, Hz
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History Lesson — The Transatlantic Cable

ENGINEERED DESIGN VS. COSTLY DEBUG/REDESIGN

What is so hard about stringing a wire
between the transmitter and the receiver?

Where was the Sl Engineer in 18587

Transatlantic telegraph cable

In 1858...signal quality declined rapidly, slowing
transmission to an almost unusable speed. The
cable was destroyed the following month when
Wildman Whitehouse applied excessive voltage
to it while trying to achieve faster operation.

KEYSIGHT
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Questions For Your Next Design

PI ENGINEERS REQUIRE SIMULATION AND MEASUREMENT TOOLS

1. Are your designs still leveraging decade capacitor values?

2. Are poor designs band-aided with added filters and more
capacitors?

3. Where is the Pl engineer?

KEYSIGHT
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Power Delivery Needs Simulation and Measurement

WHAT IS THE POWER INTEGRITY WORKFLOW?

Key Take Away:

The combined simulation and
measurement of the Pl
Ecosystem reduces EMI/EMC
failures

 Designers often leverage designs and wait until measurement to debug
 Current industry workflow starts at post-layout, need to move to pre-layout

« Combined power integrity + power electronics covers both delivery and generation of power
ADS ADS PIPro ADS Measurements

easured Model Power Rail Ripple
Pre-Layout Post Layout Pl Ecosystem Clock Jitter

Create Model Schematic PDN EM Schematic _
Library Simulation Simulation Simulation EMI/EMC Noise

KEYSIGHT
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Why the Pl Workflow Needs EM Modeling

EM Simulation with PIPro

IR\ \\\ =N

KEYSIGHT
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EM Models Capture Real World PCB Parasitics

: Parallel Capacitors SPICE vs PCB EM Model
Paralleling same value caps

e 100.
C ESR ESL ) :
Single Capacitor EM Model
Cl 1uF 7mQ 300 pH
10.0
o Distributed EM Model
O 100 n —
C
©
SRLC SRLC SRLC SRLC SRLC ©
%01 %cz %03 %04 %05 8_ p
i+ & i i £ 100.m- //
v
10.0m- N\ ///Lumped SPICE Model
\\/
1.00m

| | | |
10.0k 100.k 1.00M 10.0M 100.M 500.M

KEYSIGHT freq, Hz
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EM Models Capture Real World PCB Parasitics

Z at Load vs. Z at VRM

A0

Capacitor Loading by the Decade

C ESR ESL

c1 1uF 7mQ  |300pH ”

c2 0.10uF |15mQ |300pH £

c3 0.01uF  [30mQ  |300pH o

ca 0.001uF [100mQ |300 pH §

cs 100pF  |200mQ 300 pH S
S
£

SRLC
C1

SRLC

[+ o
1= oot

SRLC SRLC SRLC
C2 C3 C4

HHW
e}
(4]

I}
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100.0

10.00

1.000

100.0m-

10.00m

At the Load
EM Model

7
At the VRM
EM Model

At Load and VRM
Lumped SPICE

10.0k

|
100.k

|
1.00M

freq, Hz

|
10.0M

|
100.M  500.M



PathWave ADS PIPro EM Simulation of the PCB PDN

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

vtt_uci262_revb [AW_U1_UC1262_REVB_FINAL_lib:vit_uc1262_revb:sipiSetup] (SIPro/PIPro Setup)

Fle Edt Vew Toos Hep | (J———x1

-
[?—;1 - Geometry

View
- I Design © ®
=B WU e ReveFL. | | e
P Nets | ® [MGT
I MGTAVCC_L Parameters
& MGTAVCC_LN_SPY_N %
& JF MGTAVCC_LN_SPY_P Saipiting
oF MGTAVCC_LS_SPY_N
JF MGTAVCC_LS_SPY_P

o MGTAVCC_L_BUS
o MGTAVCC_L_CS_N

i | r_0_001_smv_r472.
© % options...

-
p—

Transhucent view: (J————————
Highlight Nets: T E] I or

2) OPTIMIZE DECOUPLING
Select capacitor models
Setup optimization goals
Run Optimization

ey

Constraint Maximum

#Decaps 12,0

# Vendors 0.0

# Models 3.0
0.0

Model Nam

LumpedMoc

LumpedMoc

KEYSIGHT
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Lumpedioc

LumpedMoc

LumpedMoc

NMERRnnE

LumpedMoc

LumpedMoc

B Result #2: 10 decaps, 3 models, 1 vendors and price of 0.0
Impedance graph Decap details

2) GENERATE SCHEMATIC

Auto generate schematic
with PCB PDN EM model

File View Marker

pEEOXROIAIRT S ¢ o

& & -A|Z(1,1)| for selected analysis - Original setup
Target Impedance
A—d—aA | Z(1,1)| for chosen result

Magnitude (ohm)

o and optimized capacitors.
@vtt_u1zaz_revb_PI—Ac_ckt_m_Ac_ﬁ.|| [HW_U1_UC1262_REVE_FINAL_lib:vtt_uc1262_revb_PI-AC_Ckt_VIT_AC_fulks o =] B3}
= File Edit Select View Insert Options | Tools Layout Simulate Window Dynamiclink DatzD«spIay.'.DesgnGu\dE BondWire Tools  Add-Ons EM  Help. S
TN EH& T X9 AR lst@ iAo | EE
]
=
O iy
Search alllibra...

E

Lumped-Components
]
, ;‘g :;S :E =
= e = = P
L_Model E’E :“ni =“|§
= p— =
C_Model
— _— = _—
by p—— p— = = L
p—
. =
MUTIHD n
FRG
PRLE 2=
Layer | Ll—l
[ select: Ciick and drag to select. Ditems ads_device:drawing | 36.625, 34875 | 30.000, 1000 |in A




Voltage Regulator State Spaced Averaged Models

Measurement Based VRM Modeling

How to Design for Power Integrity:
Selecting a VRM

m\ v

Steve Sandler — PICOTEST

DOWNLOAD
YOUR NEXT
LINSIGHT

ONGFF Z Measured

l

l ‘ IMPEDANCE

&\
{3 PICOTEST

arge Signal Output
Swiiching Ripple Transients

mz
mplifier (OTA) 2 3 i PDN Decoupling and Load == I

How to Video

http://tinyurl.com/vrm-video

aaaaa

E] f-ﬁms'as ] ] Hamuons sAmcs |

Bt s

'W KEYSIGHT I “iE; E o
-
: n ization

Measured Power Supply Rejection Ratio
ed Vanz s fi fatching .
\T}F‘_{;]\‘Hngjbﬁi »?{Erfi‘rg‘q,g_” Three Separate Simulations in one Schematic St
Variables Simulation Controllers

KEYSIGHT
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http://tinyurl.com/vrm-video

Modeling the Power Integrity Ecosystem

VRM + PDN + LOAD =

Three Separate Simulations in one Schematic

Pl

ECOSYSTEM

VRM

8
State Space Mo elg

Small Signal
AC Impedance

T TermG
o & |TamG3
armG 2 | Num=2
TarmiG2 5 417=50 Ohm
Num=1
Z=50 Oh

. . [ , 2 pka = Z de
Simulation Controllers R | e = L A
+02_pi_blada comecer T AL s uel262 b PHAC CHTLACT oo 2 Jumes
s [L=1e09H L2 m
| S-PARAMETERS |€§E§ HARMONIC BALANCE ; el
E;% e @ a TS VRM Power Connector PCB PDN Package/Die 4
AC S_Param HarmonicBalance _ Loa
N P Bt EM Model S Parametzr
Start=100 Hz Start=100 Hz Freq[1]=Fs P 1
Stop=40 MHz Stop=40 MHz Order[1]=256 Lar_ge S_Ignal_ — I a — o T o
Step= Step= Switching Ripple astm T =] S S s v =
[ac — _ o SR=05 Ohm (4 )I_Lows0 mA
£ 3RLC 1 wtt_uc1262_revb_PI-AC_Ch VIT_AC 31 5;}33 b T High=300mA
YR0005 Ohm  ° 1 Daley=2 usec
JL=tedd L Fise=1 nsec
FEATRF o+
Small Signal Small Signal Large Signal
.. Impedance vs. Frequency ~ Step Load Voltage Ripple PWM Switching Ripple
2 122
i E45
N A 121] £4.0 121]
Faes — .
z Z@C318 with cap/"‘ ' Eas o V_switching_ripple_VRM
G 1E1 2 <! I W20 A
s |z ]«\Voltage bs8 = = —
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Pl Simulation Demo with Harmonic Balance:

SMALL SIGNAL AC AND LARGE SIGNAL SWITCHING RIPPLE
ADS Schematic + Data Display

Multi-phase DC-DC Converter State Space Hybrid Model - TPS40140
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Power Integrity Simulation and Measurement Eco-System

PathWave ADS PIPro PathWave ADS Pl Eco-System Simulations
EM MOde!,S, f?r DeCap ‘thlmlzatlon Pre-Layout and Post Layout PE Next Generation GaN
jre— = skl Ao e Switch Current Spectrum /,C\J‘
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Reaching for 99% Efficiency
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Output Inductor Current ., Inductor Current Spectrum

Muitiple analysis engines

3D layout view and results visualization

E5061B for measuring - > 1000 W/in3
micro-Ohms of Infiniilum Scope for Realtime CX33000 Current Analyzer for

Impedance - Power Rail Diagnostics Load Transient Diagnostics

WVEETUT e s s e 30 ‘
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Picotest Accessories
PWR5061B Pl Bundles

KEYSIGHT

TECHNOLOGIES



Summary

DESIGN METHODOLOGY FOR DECAP OPTIMIZATION

1. Calculate 1st order approximations

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

2. Decoupling capacitor optimization requires a Target Z input

3. Power Integrity Eco-System includes switching VRM models
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‘Hands-On Lab 1b: 190219 Pl Lab1b Load wrk.7zads

Basics — Instructor Led Demo
Transceiver Turn-on with ideal R-L PCB PDN
Frequency Domain Impedance and Time Domain Excitation for

ripple

Explore -
Package Model Impedance
Impedance at Package Pin vs. Die

Advanced —
Tune C_total for a given Target Z profile
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