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Partial Inductance

the secret to correlating simulation and measurement
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?l% Outline

* Mounting Inductance Definition
* Simulating Mounting Inductance
 Measuring Mounting Inductance



% Representation of Mounted Component
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é EM Simulation of the PCB

The ODB++ file from the PCB software is imported into Keysight

Pathwave ADS and the PCB Pads are shorted together to measure the

resistance and inductance of the PCB mount

Helfhount=m1/(2*PIl*indep(m1))
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EDH% Capacitor with and without mounting inductance

A measurement, performed without
fixture removal results in a

measurement very close to the B
. Frequency Trace 1 SHORTED MOUN... CAP
simulated value of the PCB 50 MHz | 176.637 mQ 135623 mQ | 177411 mQ

inductance. & Cursor2
:: Delta c2-C1 ||

Measuring the capacitor on the PCB
results in 560pH. 130pH higher than
the PCB mount.

Capacitor on PCB Mount

Trace|1: Infoedance

So the capacitor, without the
physical length of the mounting
inductance is 130pH and the EM

simulator includes the physical Shorted PCB Mount
length inductance of the mount.

So the 130pH capacitor mounted on
the PCB will simulate at 560pH. : . e .

Frequency (Hz)

Trace 1 — SHORTED MOUN... CAP



% De-Embedding the Fixture

. Frequency | P2102A SOL C... | P2102A SOL C...
Performing the SHORT 50 MHz 45442 mQ | 315189 mQ

calibration on the PCB
removes the physical
inductance associated
with the capacitor.

Capacitor on PCB Mount

/ before De-Embedding
Capacitor on PCB Mount after De-Embedding

physical inductance

Trace 1:fmpedance N

While the capacitor
measures 560pH on
the PCB, it measures
only 144pH more
than the shorted
trace. The capacitive
element is 144pH and
the physical length of
the capacitor with the
mount is 416pH.

k 10k 100k ™ 10M

Frequency (Hz)

— P2102A SOLC... — P2102A SOL C...



% Makes One Wonder....

Calculator of Straight Conductor

http://www.finetune.co.jp/~lyuka/technote/inductor/inductor-straight-flat.html|

Murata Vendor Data — 1uF, 25V capacitors

Frequency Characteristic - X
1n
+400pH
= N
GJ ny
2 340pH
o 100p
Q
]
e
£
10p
M 10M 100M 1G 10G
Frequency[Hz]

| TN mGRM216R61E105KA12, L, DCOV, 25degC 0.7mm

] AT W 21 BR71E105MA12, L, DCOV, 25degC  1.45mm

Straight conductor
of thin flat section

=1

hﬁézjgég,

Conductor material:

o : conductance |58_5652 | %105 S/m
k : thermal conductivity |398 |“"a"m.-’K
T : temperature |25 |°C
¢ : skin depth |6.5?66 |p|:r1
f: frequency |1'DI.'] |M]E[z
{ : wire length |2 |n:|m
w 2 wire width |1.2 |mm
t : wire thickness |1.5 |mm
Lfgs - Inductance [0.4779 |nH
R, : DC resistance 10.0190 ' mQ
# : thermal resistance |2.?"31? | K/W
Ry, : valid for -50°C =temp = 150°C
Formulas used
L fiae = 2% 10~ E‘[ln(u‘gi I]+(],.-3—-{3_2-,135(”’; )] uH]

where

Lﬂa.{ : inductance of the conductor [pH]

£ : length of the conductor [mm)]
w : width of the conductor [mm)]
t : thickness of the conductor [mm]



http://www.finetune.co.jp/%7Elyuka/technote/inductor/inductor-straight-flat.html

Straight conductor

ED'% The Devil is In the Details et

" A

Our DUT is an AVX Cap P/N 08053C105JAT2A S
Conductor material: __Copper hd

& : conductance |58_5l352 | %108 S/m
k : thermal conductivity |398 |“"fma’K
T : temperature |25 |°C

& : skin depth |I3.5?56 |pm

f: frequency | 100 |M:E[z

{ : wire length |1.B |n:u:|1

w : wire width | 127 | mm

t : wire thickness | 13 | mm
Ljg: : Inductance |[].345l’.] |nH

R;. : DC resistance 10.0165 | mQ

# : thermal resistance |2.4349 | KW

Calculatzal

R4 - valid for -30°C < temp = 150°C

Formulas used

2 )+
}40.540.2235(2 1)) [uH]

PCB =0.749 in = 1.9 mm pad to pad Cap = 1.6 mm pad to pad Ltar = 2107 €[ In( =5 7

where

Eﬂm - inductance of the conductor [uH]

{ : length of the conductor [mm]
w - width of the conductor [mm]
{ : thickness of the conductor [mm]



€D Avx spicat

Case Size [EIA] Capacitance [F]

0805

 Order Part Number - MOUSER

Voltage [V] Dielectric Termination SRF [Hz] ESR @ SRF [0Q]

+5% 25 XTR sn 565 M 482m

Widest Selection
of Electronic Components

Order PN - 08053C105JAT2A  j Mouser Order Code - 581-08053C105JAT2A | 17606 In Stock | 1pc - $0.35 (USD)©® | Enter Desired Quantity

Product Type

General

Technology

MLCC

> Part Number Explanation

DC Bias

Ripple Current EQ Circuit Diagram

M Frequency = 50.39 MHz

MO03053C105JAT2A @ 25 °C = 224.45 mQ)

224.45m(Q @ 50.39MHz = 709pH
AVX 08053C105JAT2A 1uF 25V X7R

100

1k

100 M

Vendor Capacitor ESL Data

Using the AVX proprietary simulation tool, the capacitor we
are measuring is shown as 709pH at 50.39 MHz.

Clearly, AVX did not remove the fixture from their
measurements. If this 709pH ESL was entered into the EM
simulator, the simulator would add an additional 495pH for
the PCB fixture would result in 1.2nH, more than double
the correct answer.

Neither Murata or AVX include any description of how they
measured their capacitor for inclusion in their simulator.

This is the reason we recommend you measure these
capacitors yourself.




é The ESL We Measured....

Measured ESL — Murata and AVX 1uF capacitors

180p
Comparing the measured data to the vendordata =™ |  Murata GRM216R61E105KA12D X5R _
for the two Murata capacitors and the AVX P s
capacitor we see a difference of: % :;2;
e 252pH for the GCJ21BR71W105KA12L B Murata GCJ21BR71W105KA12L X7R
* 166pH for the GRM216R61E105KA12D T
569pH 08053C105JAT2A - AVX 08053C105JAT2A 1uF 25V X7R
| 20p
0
™ 10M

Measured Impedance — Murata and AVX 1uF capacitors Frequency (Hz)

— AVX 08053C10.. = Murata GCJ21... =—GRM216R61E10...

Murata GRM216R61E105KA12D X5R

100m

B . S S e R R R e e N T *Note: All of the Murata and AVX capacitors are 1uF, but
impedance shows they do not have the same resonance
point

10m

Trace 1: Impedance Magnitude (QQ)

Murata GCJ21BR71W105KA12L X7R AVX 08053C105JAT2A 1uF 25V X7R

™ 10M
Frequency (Hz)

— AVX 08053C10.. =—Murata GCJ21.. =—GRM216R61E10...
; Frequency AVX 08053C10... | Murata GCJ21... | GRM216R61E10... | AVX 08053C10... | Murata GCJ21... | GRM216R61E10... 1
50 MHz 47.166 mQ) 54,592 mQ 60.597 mQ) 140.119 pH 148.087 pH 174.123 pH




EDH% Accounting for the Mount

How to Design for Power Integrity: Measuring, Modeling,
Simulating Capacitors and Inductors
https://youtu.be/N4K3y414sKA

PCB EM MODEL + TUNED C-L-R MODEL

LLL [ REL
Signal_|_0_Signal_GND Q JEJ

— Signal_|_2_Signal_GND
+1  Term [ ; @¥ - =1 Term
Term1 0805-shunt_pi_subt_coplanar_PI-AC_Ckt_Analysis 2 Term2
Num=1 |17 Num=2
7=250 Ohm Z=250 Ohm
Ideal L
* SRLC +1 Term
+1_ Term |2 Signal_P4
Signal_P3 =48.1411 mOhm {0} Num=4
Num=3 L=Lideal =250 Ohm
2=250 Oh”éef =999.996 nF {0}

Single RLC element is low fidelity

ADS

mag(cap_tune)
mag(Zcap_1)

‘ cap_tune
AC l l
SRC4 SRLC SRLC
c=polar(1,0) A SRLC3 SRLC7
Freq=freq R=ESR mOhm R=R1 mOhm
L=L1 nH L=L2 nH
— C=C1 uF C=C2 uF

||y

2 parallel RLC elements used for accurate
ceramic capacitor model

1E1

4

Measured vs. Fitted Capacitor Model

1E-1 —

1E-2 —

MEASURED

SIMULATED

1E4

1E9



https://youtu.be/N4K3y4I4sKA

% Or Use a Probe for the Measurement

: Frequency P2102A MOUNT... | P2102A MOUNT... ) )
50 MHz 4561 mQ 136.709 pH A2 port prObe prOVldeS 4
i Cursor 2 contacts on the CapaCItor
: Delta C2-C1 il

termination pads. Using the 2-
port shunt through impedance
and performing a fixture
removal (SOL) calibration for
the probe simplifies the
process.

P2102A 2-port probe measuring capacitor after
calibrating out physical inductance of the PCB mount

Use a shorted PCB mount, the
same size as the capacitor for
the calibration.

The P2102A 2-port probe
provides a direct reading display
of 137pH, very close to the
144pH we measured using the
—— PEIOAMOUNT. PCB de-embedding

k 10k 100k 1™ 10M

Frequency (Hz)



% 47uF Vendor Data vs. Measured Model

47uF Capacitor Model With vs. Without PCB Mount

- 1E1
”“ Vendor .-
MEASURED DATA Mode|\,;/ Use this one with the
1- W Ith PCB "'/'/ PCB EM Model

Impedance (Ohms)
m
|

Mounting
Inductance
De-Embedded

\
Without P(
N ~ 120pH

| | | |
10.0k 100k 1.00M 10.0M 100.M 1.00G
Frequency (Hz)
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Key Takeaways

Accurate capacitor data can minimize the number of capacitors
required, saving cost and valuable PCB area

Measurement of the component is made up of 3 parts:

1. Physical internal element

2. External distance between the pads } 2 & 3 together are the PCB mount
3. PCB Footprint—includes the pads and vias

The PCB mount must be removed for PCB simulation with EM
models, otherwise it will be counted twice.

Vendor is not always accurate; recommendation is to make your
own measurements.
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Thank You for Attending

S. Sandler, “How to Design for Power Integrity” Keysight sponsored YouTube Video
Series: http://www.keysight.com/find/how-to-videos-for-pi

Visit Picotest’s Measurement Solutions page for more information -
https://www.picotest.com/measurements/index.html

Visit www.picotest.com/blog to see recent publications

Join the Power Integrity for Distributed Systems LinkedIn Group

Feel free to connect with us on LinkedlIn

16
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