PDN Impedance Measurements
Using Bode 500 and Picotest PDN Probes
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Power Distribution Network (PDN)

* Power source and input filters

* Voltage Regulator Module (VRM)
* Point of load regulator (POL)

* Qutput filtering (ferrites, capacitors) * _
* PCB lines, board planes, vias, capacitors

* Package leads, planes, bond-wire, on-die capacitance
° Return path (ground plane)
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A Simple PDN Model

/ quf Rout \(Ltrace RCU\{ Y Ltrace RCU\{ Load

e e
+ Cout =i CZ
[l _ ) Source 1l

RESR IRE&‘R IRE.S‘H’
- AN )
VRM Trace Cap Trace Cap

» Multiple L-C resonance circuits
— Ceramic caps have generally very low ESR values.
— Ferrites have generally low resistance.
» The Q of the resonances can be high. %%

OMICRON
I LA B

Smart Measurement Solutions®



Simple Model Simulation

A longer trace

_ A shorter trace

'''' ®1=1A"~J The load

VRM Module (Buck) 100 nF decoupling cap

4.7 uF decoupling cap %%
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Impedance Profile at the Point of Load

Control | 100 nF, ESL,
loopatf:| - 1T Trace and
cpp,=10° |
D N ESL of 4.7uF
cp=45° | 4k |
TQn=60° |
C0,=70° |
S
Output | |~ B A s R T~~~ 4.7 uF C,
Resistance . N A ENE T — N Trace and
(VRM) | N VRM
| 00110 1&)0 ’.1e';3' : "le‘[]-alj i’1e105- ’1e106 ’1e=[3? '1905
------------------ acfrequency- - - - - - -
e 200 kHz load current > 300 mQ source impedance.
* 3 MHz load current - 3 Q source impedance. %%
» 1 Aload current causes 0.3V /3 V drop. OMICRON
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Avoid Supply Impedance Peaks

* Can violate the target impedance

° High impedance increases the risk of coupling noise to
the supply voltage (V = +/P - R)

° Noise on the supply voltage can degrade performance of

oscillators (Jitter), reference voltages, ADCs, low-noise
amplifiers etc...

* And in worst case, they can stack...
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PICOTEST

P
'»

Risk of Rogue Waves

* Dynamic load currents at multiple
frequencies can superlmpose

* Worst case scenario is a “Rogue
wave”.

* “Flat Impedance Approach” can
safely avoid this risk.

AD 9E0 P
- i
VRM : :
Eg : Rogue Wave captured by Steve Sandler (Picotest)
o5 T /\ Decoupling
S
e Chip-Package
7
1E-3
1E3 1;4 1;5 1I£6 1I;7 1;8 5E8 gq
. freq, Hz OMICRON
Source: Picotest.com I LAB
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The PDN Impedance Plot

1. Can be a design goal in PDN design (target
Impedance).

2. Contains information about the stability (oscillation
tendency) of the voltage regulator.

3. Reveals resonance frequencies of the decoupling
network.

» Let's measure it!
» Challenge: Very low impedance




2-Port Shunt-Thru Measurement

° Provides high sensitivity for low impedance.
* Emulates a 4-wire kelvin connection.

* Can be used to measure into the uQ range.
* Measures S21 and calculates Z via

CH1 CH 2

D':;UT Budew o o
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Connecting Analyzer and DUT

5

PCB with 0402, 0603, 0805, VNA with Type-N
1206 etc. SMD Pads coaxial connectors %Y

OMICRON
I LA B

Smart Measurement Solutions® -




Picotest PDN Probes V> PICOTEST

P2104A One-Port Probe P2102A Two-Port Probe

%%
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Picotest PDN Probes U3 PICOTEST

* High bandwidth & flat frequency response.
* Different coaxial connector styles (SMA, BNC, N).

* Picotest PDN Cable® (ultra high shield attenuation and
ultra low shield resistance, highly flexible and thin).

* P2102A - four probe heads (0402, 0603, 0805, 1206).
* P2104A - different pitch sizes available (50mil-100mil).
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1-Port Probe vs. 2-Port Probe

1. One-Port Probe (2 probes needed (%)) + -
(© Flexible positioning -

(©) Get into power planes by opposite placement
&) Difficult handling (probe holder)
9 Allows measuring transfer impedance

2. Two-Port Probe (only one @)
(© Can by used “by hand” (browser probe)

(© Very easy & intuitive to handle
() Less flexible, no opposite placement
%
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Measurement Setup Example

Probe & PCB clamplng http://www.clampman.info/

FeEEEEE = W‘ 5
\& L;A:k:t:LL. e = -

Setup with Bode 500 and Setup with Bode 500 and two
Picotest P2102A 2-Port Probe Picotest P2104A 1-Port Probes OMICRON
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Ground Loop Error in Shunt-Thru Setup

VNA has common ground on source and input port

* Return current splits between source and input ground
—> error voltage Vg\p-

* Error depends on cable shield resistance, ground contact resistance,
frequency (common mode inductance), DUT value [5]

G T
G S S
o LN =>
N
' >

+|! driving current

| | Vour
\/ v ground-loop
- GND ‘return current

return current %Y

cable shield resistance Wﬂ'ﬁ'
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Methods to Reduce Ground Loop Error

* Use cables with low shield resistance and connectors with low
ground contact resistance (PDN Cables)
* Use a Common Mode Choke (J2102A or B-LCM)
(©) Easy to use, low impact at high frequency
(=) Does not work at DC / low CMRR at low frequency
* Use a Differential Amplifier (J2113A)
(© Works down to DC
(=) More impact at high frequency, limited CMRR, noisier

* Use a booster amplifier to reduce loading of VNA signal
source (can reduce device internal crosstalk)

%%
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ldentify the Ground Loop Error

Bode 500 with
Picotest P2102A

1

Bode 500 with
- Picotest P2102A
+ J2102A

100m

Bode 500 with
- Picotest P2102A
+ B-LCM

=)
3

Bode 500 with
Picotest P2102A

Trace 1: Impedance Magnitude (Q)

1 + J2113A
m
1 10 100 1k 10k 100k ™ 10M 100M
Frequency (Hz)
= Bode 500, P21... == With J2102B C... == With B-LCM With J2113A gg
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Calibration / Correction

* Account for phase shift and attenuation of:

- Common mode isolator
— Cables & Probes

* Partially compensate for ground loop error (depends on ground
resistance — can be different from contact to contact!)

Bode Analyzer Suite offers:

* Full-Range Impedance Calibration e | f f
Preferred if frequency range is unclear o o
(uses interpolation) Full-Range | User-Range

* User-Range Impedance Calibration —

alar=] = =
—

Preferred if frequencies are defined e
(no interpolation)

%%
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Thru or Open/Short/Load?

°* Thru (Normalize S21 Measurement) M
(©) Only one calibration setup (thru). ¥ SO
(© Good signal / noise ratio during calibration. 7 ?

&) Correction point at Z=« (far from Z<<).

* Open/Short/Load (Normalize directly to Z)

(2 Requires three calibration setups (Open/Short/Load).
(L Calibration includes Short (close to Z<<).

() A perfect Short cannot be constructed.

&) BAS does not yet account for Short resistance

THRU

OUTPUT

%%
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Add Simple Short Correction

1. Characterize / Model a Short (Known Short)

— Measure dc resistance (1 A & multimeter)
— Determine effective Short inductance (simulation or measurement)

2. Measure the Short & store as Memory Trace
3. Use an Expression Trace to Correct measurement

:: [ SHORT i 2o > [y
:: M Expression 1 Z @ v R

~
~
~

S~
~
-
~
~
~
~
~
~
~
~
~

Uncorrected Short Measurement
(stored as memory)

S~
~
~.
~
~,
~
~
~.
~
~
~
~
~,
~
~
~.
~
~,
~
e

Add Model of the Short (Rs+jwL)

Farmat | Magnitude e A |
Yrmax | ako 5[
Yrnin 00 3
Y-axis scale | Log(Y) v |

Expression = nNew memaory

Smart Measurement Solutions®
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Subtract Short from Measurement
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Example (Bode 500 + P2102A + J2102A)

Measure Short 1 Adc = 0.250 mVdc
DC Resistance Short Resistance:
(P2100-CAL) Rs = 250 uQ

Perform Thru Calibration on
P2100-CAL-Thru to correct for phase shift
and attenuation of cables, probe & J2102A

%%
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Example (Bode 500 + P2102A + J2102A)

100 _—
g + 1 Resistive -y Inductive ngion
S -\ '}:nmm Ground|—_ Region—— SISt ==
In“'“‘“wu PcoTEs-‘\ E ________________ o s ) s s s B - R |
o m I
= 100p
= 104
14 I
Measure Short 100 1k 10k Igrneocl](uency(Hz) ™ 10M 100M
n Y \
on P2100'CAL ’ Frequency | SHORT T |
1.8n w 10 MHz [ sseama 885.163 pH

Determine Short | ™
Inductance from | ©
high frequency
measurement 3
Ls =900 pH 8 SRRARLINA ]

™
Igr%oéuency (Hz)

== SHORT

Save Curve to Memory and name it “SHORT" %4
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Example (Bode 500 + P2102A + J2102A)

Enter Expression to Correct for Short impedance

Zcorrected = Z_measurement - ZSHORT + ZShortmodel
whereby a simple model of the short could be:

Zshortmodel = Rs +jwLs =250 pl +j - w - 900 pH

:: @ SHORT X M\ >
i Expression 1 EmW v

ZiMeasurement}-Z{SHORT}+250e-0+57900e-12

Format | Magnitude ‘r|
Yinae | aka 2|
Yimin 0p0 o
Y-auis scale | Log(Y) - |

Expression = new memory

%%
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Known 5 mQ Resistor

Smart Measurement Solutions®

DUT Connection

%%
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Example (Bode 500 + P2102A + J2102A)

100 T T
Frequency DUT 5mOhm Resisto.... .

10 1 kHz 7.557 mQ < 5.006mQ > |
10 MHz 68.272 mQ2 93.843 mQ2 |

100m

10m

DUT: Impedance Magnitude (Q)
3

1
(=
o

=

10p . . !
100 \ ™ N 10M 100M
1 10k I»legtlf uency (Hz) A
= DUT \\\ == 5mQOhm Resisto... ‘\\
Known Value (5mQ Resistor) | | DUT L]
OMICRON
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P2102A + P2100-CAL Typical Values

Typical Short Resistance i Short Inductance depending on
350 pQ g Typical Short Inductance Spring-Contact Vertical Distance

1200 pH oo
300 pQ 283 uQ 1500 pH
i 1000 pH -
252 §Q P - N
250 pQ % 1300 pH ) °
g8oopH | & B | | e
1100pH | .o e
200 pQ T ........
167 pQ 600 pH 563 900 pH
150 uQ ....... ..---
> pH ........... @&
b pH @t Q-
lme L w BN | e
“ 500 H ‘...
237 ;
200 pH |
50 “Q | j 7 pH ......... @ e @
.......... Qoo
T. ............... [ TXXXN
0 pQ - o
0402 0603 0805 1206 0.0 mm 0.5mm Lomm =
0402 W 0603 [ 0805 M 1206 © 0402 @ 0603 0805 ©1206

Disclaimer: Due to my last-minute work, | was not able to confirm these values with Picotest! Values are subject to change without notice.

Smart Measurement Solutions® ‘




Ultra-Low Impedance (< 100uQ)

* Use a Short with very low resistance (solid copper or silver)
* Suppress ground loop error as much as possible [4], [5]

* Use short cables whenever possible.

* Use cables with a low shield resistance
(Picotest PDN cables).

* Measure something known of similar value. |
(1 Q is not the same as 100 uQ).

* Add calibration and reference elements

to prototype layout. Thru-vias, short, etc.
Use coaxial connectors.

Smart Measurement Solutions®



How Low Can you Get?

Impedance values get lower the higher the processing power
gets. >100 A require < mQ impedance.

° Limitis hard to tell.
° Increase dynamics using an amplifier.

° Non-Linear control algorithms like
COT cause noisy measurement.
This noise cannot be overcome
due to the non-linearity of the DUT.

* Noise floor of Bode 500 is = 10 uQ

Smart Measurement Solutions®



Bode 500 Noise Floor: 1 kHz — 450 MHz

Signal Source drives Short with 16dBm, 10Hz RBW, CH2 terminated.

Tk

100

o]

—

—
o
o
3

10m

]

100u

?

.'“? ‘\’/:‘; el ‘h,hq‘tx \; f‘i *\Q} Bﬂ '

Trace 1: Impedance Magnitude ()

D == =
VAL S MU T
11 f;r ‘.'\"1‘ 'J.’

100 '
n1|< 10k 100k ™ 10M 100M gg

Frequency (Hz) OMICRON
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Example of a Lower Impedance

Expr. 1 2 x LTP8803-1....
252.997 pQ)

=
S
3

5]
3

El

3

Expr. 1: Impedance Magnitude (Q)
2
o

(=]
=

100 1k 10k 10M 100M

™M
I—Jroeoéuency (Hz)

= Expr. 1 =2 x LTP8803-1...

Picotest 256 A Demo-board 250 uQ at 1kHz. Noisy result at low

with 2 x LTP8803-1A COT frequency due to non-linear COT
48V to 1.1Vdc step down control mode.
regulators. %%
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Measuring PDN Impedance =2 3.3 Vdc

* Bode 500 Signal Source and 50 Q input must be
protected!

* Possible Measurement Methods:

1. 3-Port measurement with Picotest J2111B current injector

2. Shunt-Thru measurement with 2 dc-blocks
Note: Use calibration to remove the impedance of the dc-block

3. Shunt-Thru measurement with Series-Resistance
Note: Use thru-calibration to remove the resistor influence

OUTPUT

CH1

“WO

(o],

(¢

%%
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Key benefits of Bode 500

* Frequency Response Analyzer and Vector Network
Analyzer in one device

* Reliable results — high accuracy, high dynamic range
* Easy to use — BAS controlled, USB-C, Ethernet

* Portable — compact lightweight design
*mHzto450MHZz
© Silent : bT S
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Bode Analyzer Suite

- IF Fllter~ - Bode Analyzer Suite * MONG B

Home Memory View Cursor [
* Easy-to-use Drer Bsoe )
’ ’II . B o Q

(N N
Open [} Save as ‘ ‘ dB dB

Continuous Single Transmission Impedance / Full-Range User-Range ~Full-Range User-Range
3 Export i Report Gain Reflection - N N N

. N Frequency Trace 1 Trace 2 H
P Frequen sweep ™ Fixed °F £
OWe rf u I = . Cursor 1 10428138 MHz -5432de -33937 dB8
Startfrequency | 9839445 MHz 10735282 MHz | -38841dB|  -3343248 Messurement [ Gain -
Stop frequency ‘ 11,4617021 MHz Delta C2-C1 307,144 kHz 1548 dB | 504,148 mdB Display \ Measurement Al
. F Center 05736 MHz Format I Magnitude (dB) |
T a0 al
re e Span [ 16222571 Mz == - — [ | ‘ 3008 3
S X Reset Zoom | ‘ 21048 &
= i min s
= X @ Optimize —
~ 5 ] tinear W™ cogarionmic | | > , A auto Optimize
Bode Welcome, please select a measurement type... of points [ 201 . ’ s I |X Reset Axes Weasurement | Reflection -
9 [
Analyzer Suite 3.11 Vector Netwark Analysis | Impedance Analysis = oM +05M &) Copyimage to clipboard  Display \ Measurement M|
— . constant [[El™™ variable Frequency (Hz) Copydatatoclipboard  » | Magnitude (GE) -
N v Transmission / Reflection . Y &) Copy settings to clipboard
lew measurement byel ‘ 13 dsm = Y . | sap
- 208 .
Recent IMeasure S-parameters (521, $11) with 50 Q termination. s [I_ curger * | EL Jump to Min (Trace 1) s -
Measure Gain with intemal or external reference L e e - : [T cursér2 » | i sump to Max (Trace 1) o8B 3
Channel ‘minated with 50 02 i zT . T /
B 55 mot apply more shan 7 Vims sion | 20de v |[ 20d8 ~ s : fi= Jump to Zero (Trace 1)
n 10dB v || 10d8 v a2 2
Start measurement _ e o OE 3
@5 ] \ |
8F & ] \/
Eg 8 |
v Gain / Phase bandwidth 30Hz_ = e < 40 1 v
o . . . 10M 105M 1M
e r Measure Gain/Phase (transfer function H(f)) using the
Sucps Do Code .| RN ? |impedence Frequency (H2)
arketing Lab\Exhibitions_Event._ Y
17-08-11_CoilsP! jingbode3 08 Measurement = new memory
7-08-11 CoilsPlusCoupling bode3
&% Q\Products\Bode 100WMarketing\P... | [Receiver 1 | ][ Receiver2 | ]| tha 2017-08-04 | NEODIF v [
Start measurement
i Open other file

> Reflection with external coupler ‘
Read user manual

%%

Select the davice to use: | NEDOIF + Set default startup
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Hands-On (Converter Stability Demoboard)

Good Bad
Compensation Compensation
65° Phase Margin 20° Phase Margin
Ferrite Bead
Compensation v Load
$ “50mA”
= Stepload 1 _
Inputfilter 100mA Load <
5V Input “50mA”
\ 3V3 Compesition \ o > 300mA Load Stepload 1q_ _
undamped »—|svin WV3out —I 3V3
DC/DC T - S —vey ey o o
—> Disal Bk Outpuftfilter +++ -+« SO
»—|svin 18 out { 1Vv8 100mALoad |teRicadiq..
\ 1V8 Compensiton (@) _L) \ »—0 (o}
damped — T S
300mA Senoadq-
Compensation

Good Bad
Compensation Compensation ' '
65° Phase Margin 20° Phase Margin
OMICRON
I LAB
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Hands-On (Converter Stability Demoboard)

1VB_2 .oy, . cas.
INPUT >%comt’ )

D1 R12
R Turn off before ‘ rein cEren
changing compensation GND@ i3l

Compensation 1V8 ferrit bead<—>bridged SRR
[good] [bad] . =

s T
pr— | @ ws D20 R35- 'RSG
CompiV8 """ o3 FRiV8 OutiV8 .“.[ )i LOAD

i
a4 Niq ]

l] _Bu_pap
. R4
38 TI® o8 o8 R-ZSBR19 R18 100mA< >300m‘: M.? @2 ;43 eotie
LA Bod B | o e
Dletul o :Jlll DTQ‘—“"C P
ci2mim® :
':‘ Ricen * [ 112 .. wva_2 [ [IlGND Tlinput /NN
R2uZm 3v3
RiaZm [ [ ]Cj_ R2G, liH:IGND Q3 R46
e rioas. BEBC10 2% R4s cR49c (A3 aw
[ | S8 e s osmm _D g 0_B g RES Step3v3
Use damped mode + e o 2
while turning on —a g ® .
. e . ' 37° °R38° °R39° °R40®
S3 l l I] l l l l I

s1 [good] [bad]
Compensation 3V3 FB3V3 Out3V3 10(Jm.¢!\<—>300mﬁt532 'R32° °R33° *R34*

damped<->undamped 3V3© T TS
N Converter—Stability i
: i B
vin_2EWGND I Demoboard GND@ . el

GND g g
OMICRI?ANB
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Input Filter Section

Reverse polarity protection

Status LED

Self resonant imput filter

L1
TR1 ‘:‘ FE&Z?PO%P 100uH open: damped PDN1
TestPoint = E1802500 closed: undamped TestPoint_Probe
VBusd At 26 g ’ Wzl
J A5 R15 [
usB_c CCg_ X B 470
VCONN-BS.% R21 s1
100kQ Switch holds back big voltage
A7 R12 E0229000 Q O O E1664300 pikes over 6.5V to protect
D5 [~ [:I 2200 ‘DJ(’ ,,.,J(ﬁ the buck input pins
) JP1 E0236400 D2
D+=ﬂx Jumper_2_Open §§ D_TVS
fy ED004702 00
?r:;%efm;rdance 7 c1o €12 52429
D1 —_ 4.7uF 2.2uF 2.2uF :
=] R3 maasureme.nt Z LED £0210800 £0618800 E0618800
= E 10kQ H Yy £o62060 Ci4
— GND1 Fozenme Bocksion GNDS
el Zl TTegtPQ'mt pTesth’nLProbz
‘ ]
=~
GND
OMICRON
I LAB
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Dual DC/DC Section

P2
TestPaint
Vin_2 » - - -
Pull Up Res
R10 R14
Pull Up Res 4
100k2 o o 8 o o 100kQ
R1 a - < o o
100k vings2 sets forced z ; § t ‘;
continuous mode 27 > : -
SYNC,/MODE
R2 P10 O TPB o 28 pGoopz pooopy @31 12 ™5 Coriato0 1P9
100k s [ ousvs 224 19 s ol Outive 07oet 1v8
: V3> — —— Y 2 SW2A SW1 v RAL S aaas * — {1v8_2
GND2 R4 injection 14l oy28 reive injection[ | R18 52
TestPoint 10 lesistorFBs’-‘ - resistor 10 i 0617500
GND . n
A Swi
IC1 R19
1 2
‘CEF RUNZ  r3meg  RUM 2000
GiD3 b VFB2 VFB1
o GND Bz sl p2ee R20 open: ferrite
. : i
Track/SS2 TRACK /551 2 2;0::} 100kg closed: bridged
2 24
PHASE . FREQ
< g Set Frequenzy
ITHE & 3 JTH1 to 1,045 MHz
e & 9 « & GND
=z =z 88 & =
8 8 % oz ©
& & w v o
GND i B o ) O3
O— b v—J o o~ ﬂl
P& TP3
Comp3V3 €7 Comp1Ve
GNOD
3¥3 Good Comp 3v3 Bad Comp 1V8 Good Comp 1VB Bad Comp
e " - !
_l_ c J_ sl | _L c s
i 4. TabE inf i 1 470pF
: LT c2 e co LS P n P
! T 1008F 470dF i 33pF —[—220 Pl
R1 i R17 R13}
: 2.7k0 i 12 4,7k
il J i . H
i i [
S T - :

Smart Measurement Solution

J u'v‘;.&'a?r 3_Open
JP2
——

! Turn off before
changing compensation

switch to choose between

good and bad compensation

GND

GND

%%
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Load Section

1ve_2y

1.8V load
i Status LED Step Load Response
100mA path (20mA) 200mA path (50ma) 1vei2
TestPoint_Probe
H ol o~y
J Ru47 I:]
33Q
re9 E1126000
EEE T
Switch
M
Q2
R27 D4 R35 R&1 )BCSi? -4HwW
[I 100 Ve 10Q [] 100 y,, E000sEcD
E0021200| § 0630608 L £0021200L ) £00212

R28 R30
10Q 10
£0021200;

R36
[Jeez.. ]
£0021200

R&2
10Q
E00212

R43
I:l 10kQ
£0228800)

TP11
TestPoint

}

Ritd4
10kQ
E0228800

[

—J

e

-
Point_Probe

GND

GND

mart Measurement Solutions®

V3

3.3V load
Status LED Step Load Respanse
100mA path (20ma) 200mA path (50mA) 33
TestPoint_Probe
wl R4E
27Q
?f E0023100
? 9 ?ss3
\u‘ -:lj(m HJ(Switch R4Q
27Q
E0023100
R23 R31 R37
I:I 10Q 10Q I:I 10Q
£0021200 03 £0021200 L £0021200 Q3
W Led BCB17—-4DW
<y E063060 0005800
R24 ke R32 R38 F
I:I 100 I:l 10Q I:I 100 R45
£0021200; £0021200LJ £0021200 10kQ
R29 E0228800
[]7
R25 FO977500 ¢ 9 R33 R39
Ik IR
£0021200 0021200 L £0021200 )
R26 R34 R40 ?SEQ
3.30 3.30 3.30 Forona0n
£0821300 0821300 L £0821300
Q GND6
TestPoint_Probe
GND
~
c L
OMICRON
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1V8 PDN Impedance

100
5 Ferrite bead & 10uF
C o ~ 120 kHz
L=
=
=
o
< 1
Q
: ;A
m -
Ewoom =2 /
£ o
& 10m .
5 Control loop bandwidth
- ~ 20 kHz
1mmt} 1k 10k Ig 1™ 10M 100M
requency (Hz)
— NoBead, GoodC... — Bead Added 0dBm — InputFilter gg
OMICRON
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Load Stepping (20 kHz & 120 kHz)

50° Phase Margin, no 2"d resonance = 9 mVpp

1 200v 2 2008/ 0.0s b0.00s/ stop £ 1 213V
KEYSIGHT

TECHMNOLOGIES

Aoquisition
High Res
BO0MSa/s

Channels
DC
AC

%%
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Freal1): Ampl(2]: 04:57 PM
123kHz Sep 21, 2023 OMICRON
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Load Stepping (20 kHz & 120 kHz)

15° Phase Margin, no 2"d resonance = 34 mVpp
1 2004/ 2 200%/ 50.00&/ Stop 213y
' KEYSIGHT

TECHNOLOGIES

Acquisition
High Res
500MSals

Channels 3

04:56 PM %Y

19.30kHz Sep 21, 2023 OMICRON
I LA B

Ampl(2):
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Load Stepping (20 kHz & 120 kHz)

Freg(1):

Smart Measurement Solutions®

19.30kH=z

Arnpl(2]:

1

213y

KEYSIGHT
TE IGIES

Channels
1.00:1
1.00:1

IMath

%%
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Summary

°* PDN impedance reveals information about

— Control loop stability
— Resonance frequencies in the PDN network

* Measuring PDN impedance is rather simple
— The output capacitors are nearly always accessible
— The control loop must not be broken

* A flat impedance approach guarantees optimum damping
at all frequencies

° Lower output impedance results in less noise on power
rail
cL
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References and further information:
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Thank you for your attention!

If you have questions or proposals to the OMICRON Lab team,
please contact us via info@omicron-lab.com.

My personal e-mail: florian.haemmerle@omicron-lab.com
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