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Will McCaffrey is a Digital Hardware Engineer at Northrop Grumman Mission Systems. He holds a BSEE from
Rochester Institute of Technology in Rochester NY, and a MSEE from Johns Hopkins University. His interest is in high-
speed digital design, SI/PI simulation and measurement. He has authored peer-reviewed journal publications to
Signal Integrity Journal and has co-authored a peer-reviewed publication to DesignCon 2022.
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Benjamin holds a certification in cybersecurity, has a BSEE from Purdue University, a Master of Engineering in Electrical
Engineering from The Pennsylvania State University, and graduated from the USAF Undergraduate Combat Systems Officer
training school with an aeronautical rating. Benjamin is a trained Electronic Warfare Officer in the USAF with deployments on
the EC-130J Commando Solo in Afghanistan and Iraq totaling 47 combat missions, as well as a trained USAF Cyber Operations
Officer. In addition, he has co-authored multiple peer-reviewed journal publications and has received the prestigious
DesignCon 2020 best paper award, given to authors leading as practitioners in semiconductor and electronic design.
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Vendor Evaluation Board A Vendor Evaluation Board B Vendor Evaluation Board C
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Eval Board Resonance Phase Margin

Regulator Frequency

ISL70002SEHD  4.46 MHz 3.21 17.7°
LTM4637 109 kHz 7.15 7.9°
TPSM843B22 1.44 MHz 3 19°

Q < 2 is always 30° of phase margin!
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» There are resonances in the output impedance on the PDN

= A Bode Plot of the plant will show if you regulator is stable or not, but it
will not tell you if you PDN is stable!

» Definition of Target Impedance
o Voltage allowed set by the load
o Imax set by the load, and the current is both dynamic and frequency independent

o Impedance is the only term the designer has control over! A poorly placed
resonance could be devastating

, _ AVaniowea
Target —
AIMowc
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» Stability is the most essential measurement to ensure closed loop
performance

Open Loop
1+T

Closed Loop =

» Historically stability was measured through Bode plots
o Requires injecting a signal into the loop
o Does not consider the PDN impact in stability assessment
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» To measure stability
with a bode plot, we

dt ‘'t d No Access?
need to cut traces an
. ) . Vout No Problem!
InJeCt a Slgnal Transformer ﬁ:
Rinj
» Sometimes all you have —
IS a capacitor pad on A = A
the output voltage rail " ‘“’
= That is all you need! e

Source: https://www.picotest.com/wemeasurepower2012/28-slide.html
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How do we practically measure NISM?

» Impedance Measurement provides three
data points

o Impedance Magnitude, Phase, Group
Delay

o NISM takes it from there!

* NISM shows the systems stability,
measures overall PDN

= NISM is available on all VNA and FRAs
o Omicron Bode 100
o Keysight E5061B
o And many more!

Source: Picotest.com
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» Flat impedance is relative, and difficult to
pull off

» Low Q PDN

o Lower reaction to transient changes, minimal ringing
present
* Impedance and high Q resonances look
similar, but have different causes

o Impedance resonance due to passive resonance of
system, present at power on and off

o High Q resonance due to VRM feedback loop, only
present with power on

WHERE THE CHIP MEETS THE BOARD

Impedance Magnitude Profiles
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Source: Witcher, S., Sandler, S., DesignCon (2023). A
New Power Integrity Requirement to Supplement Target
Impedance: Quantifying PDN Impedance Flatness from
Sandler NISM Santa Clara, CA; DesignCon.
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= TPSM843B22 Evaluation
Board, TPSM843B22EVM

o VIN: 4V to 18V

o VOUT: 0.5V to 7V

o Max Current: 20A
= Equipment Used

o Omicron Bode100

o J2113A Semi-Floating
Differential Amplifier

o P2101A 2-Port Probe
o Keysight N2787A Probe Holder

Bode100

J2113A

[ Pp2102a
\ Probe

Resistor
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Demo 1, Setup and Calibration

The effects of cables, connectors, and probe tips must be zeroed-
out before measurements can be taken

* Ashort, open, load (SOL) calibration helps us set the reference
point of our measurement to the device under test (DUT)

Short

Load

Picotest P2102A Probe

‘;.
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Measurement  View  Cursor ~
i [ Note: B, Ccursor distance: Cursor A | New cursor -
Place Cursor 1 at the peak in Q(Tg). 1 .
Add  Add Delta  Advance of TPS243 ON_C1... = P 9 Link  Decede (10) Cursor B New cursor M
Place Cursor 2 at the peak in Magnitude, .
o™ | Resonance Point
Frequency Sweep - Fixed Frequency Trace 1 TPS843_ON_C1... Trace 2 TPS843_ON_C1...
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sonfequensy | toor 1.530383 Wiz S s : 2082 1 4 4 M H PM f 190
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T v-axis scale [ Log(v)
sweep Linear | [ Logarithmic
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Source level 13 dBm %
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2 s T T
5
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8
g 2
F 15
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S os
=
v 0
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44 Frequency (Hz) »
Measurement - new memory
No device
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Step 1: Determine peak inductance (from Z)

= 1.33nH

Vendor Eval Measurement

26 Xy 11mQ
1E1— L eak = =
p 2nf 2-m1.316 MHz

o | Desired Z;-y =8 mQ
BEEREEEE-E-EEE-ENEE

Step 2: Determine Z,5; and solve for C.

1E-3—

C _ Lpeak _ 1.33 nH

2 - Gemmz o 1MW

mag(TPS843_ON_C11_ORG_10A_LOAD)

1E4

1E1 1E2 1E3 1E4 1ES 1E6 1E7  5ET7

freq. Hz Step 3: Find equivalent capacitor, set
o capacitor ESR < Z;,; and update design

freq=1.316 MHz
mag(TPS843_ON_C11_ORG_10A_LOAD)=0.011

Select -> 22 UF capacitor with ESR < 8 mQ
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Adding a 22 uF Capacitor to the Eval Board

BOTTOM LAYER OUTRUT CAPACITORS

S 9184418 R 1% RIT3PY0 gerEaser gesees v a1 ares
X X X X : . - ’l
X i
i it
VU asies as g g8 el
o 00 ND h Ak e
N
18 /

Y . @ ' ... " uouT SELECT
AGNL NTS
Nethie P10
TOP LAYER OUTRIT CAPACITORS 28
. : vout 2
l i B
Cll ==C12 ==C13 ==C14  —=C22 —=ca3 ==C24 —=(26 —=c27 ==C28 | ~ - \ 9
v T dov | 1ov | dov 50v | sov | 25V | 50v | | sov | 25v (- | o 4 it
. 7w
100uF | 100pF | 100pF [ 100pF | 01w | 1ur | touF | o1uf | Tur | t0uF - o e |, * . o
i Net-

..........
|

* Swapped a 1uF Capacitor, with a resonance
frequency of 10 MHz with a 22uF capacitor,
with an ESRof 4 mQ, as Z, < Zgsr at 10MHz

C27 Original: GCM21BR71H105KA03L
C27 New: 885012107011
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= L TM4637 Evaluation Board, L
DC1872A

o VIN: 4.5V to 20V
o VOUT: 1V t0 1.8V
o Max Current; 20A

= Equipment Used
o Omicron Bode100

o J2113A Semi-Floating Differential
Amplifier

o P2101A 2-Port Probe
o Keysight N2787A Probe Holder

Bode100

P2102A
Probe

Resistor
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Demo 2, Setup and Calibration

The effects of cables, connectors, and probe tips must be zeroed-
out before measurements can be taken

* Ashort, open, load (SOL) calibration helps us set the reference
point of our measurement to the device under test (DUT)

Short

Load

Picotest P2102A Probe

‘;.
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Measurement  View Cursor sl
| Phase margin Note:

- .| Place Cursor 1 at the peak in Q(Tg).
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Gy _Omor |- - Resonance Point

B, Cursor distance: Cursar A New cursor -

Link Decade (10) ~| CursorB | New cursor -

prmp— sweep R | Fixed | | Frequengy Trace 1 LTM4637_ ON_C.. | Trace2 | LTM4637_ ON C... Trace 1 ®mv
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Start frequency 20 Hz Cursor 2 109.388 kHiz - 142.304 mQ - 7145 Measurement | Impedance M| 109 k H z P M of 7 9
L]
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Step 1: Determine peak inductance (from Z)
X, _  89.11mQ

LTM4637 EVM ON Impedance
Measured vs. Simulated Model

L = = = 151.6 nH
ADS = e %ﬁ peak = onf " 2.71.93.56 kHz
>  1E1 Y
Oz ] A
@2' Desired Zqr = 15 mQ t Step 2: Determine Z.4; and solve for C.
8% 1E_2_.-.-------........:.'.-|“----
< -
ws L eak 151.6 nH
2= freq=93.56 kHz c=-L > = > = 674 uF
Z2 MEASURED AC1.Z PDN_MEASURED_ON=89.11 m R (15mQ)
&IE B3 s SIMULATED with 680uF bulk cap, ESR = 10 mOhm
SNI ‘,4' Change C16 to 680uF, 10mOhm ESR
<
1E4
1L 13 o4 15 6 7 any Step 3: Find equivalent capacitor, set
freq, Hz capacitor ESR < Z;,; and update design

*Simulated model is based off State-Space Average VRM Model

Select -> 680 |\F capacitor with ESR < 15 mQ
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GND
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T520Y687MO04ATEO10, 680 pF, 10 mQ ESR

peed
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Number of points = i Ml Noisefloor_Soz J2113A FETE
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=
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« Frequency (Hz) »

Receiver bandwidth 10Hz
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Do not trust vendor reference designs, they are not always correct

Just because these VRMs are not stable does not mean they are bad. It means they
are not integrated with PDN correctly.

The PDN for a VRM design needs to be optimized for each application.

By using NISM, a designer can measure the output impedance see the output
impedance, and quickly determine PDN stability
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» Both demonstrations showed that bill of material (BOM) changes had a dramatic impact on
system stability. Additional BOM changes could further improve stability across entire system

= Accurate calibration and low inductance measurement paths are a must to properly measure
impedance in the system PDN

» NISM is simple, accurate and widely available. Designing NISM test points is significantly
easier than Bode Plot test points, and NISM can be implemented as part of final design and
system sign-off

» Power integrity includes everything from the power supply to the load. This entire system
needs to be included and measured for the system PDN to meet requirements. PDN design is
specific to each application!

WHERE THE CHIP MEETS THE BOARD
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Thank you!
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