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e Steve Sandler has been involved with power system engineering for more than 40
years. Steve is the founder of PICOTEST.com, a company specializing in power
integrity solutions including measurement products, services and training. He
frequently lectures and leads workshops internationally on the topics of power, PDN

and distributed systems and is a Keysight certified expert for EDA software.

» Steve frequently writes articles and books related to power supply and PDN

performance and his latest book, Power Integrity Using ADS was published by
Faraday Press in 2019. Steve founded AEi Systems, a well-established leader in

worst case circuit analysis and troubleshooting of high reliability systems.
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A Multitude of Disciplines

* Power Electronics (PE) There are many others, which | wont
. talk about in this session, but there
* Power Integrity (PI) are also specializations in:
*Signal Integrity (SlI) * RF and Microwave
* Millimeter Wave
* Electromagnetic * Analog and Sensors
* Thermal
Interference (EMI) » Structural Reliability
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Power Electronics (PE)

Power Electronics is focused on the performance of the Power supply, POL switching regulator, or linear regulators. A
typical modern system may have dozens of power electronics circuits, either individually or within integrated PMICs.

The Power Electronics Engineer has specific Figures of Merit (FOM) and this (non-exhaustive) list identifies some of the
most common:

* Efficiency Multi-Phase VRM High Density PMICs
» Size/Weight
. 6 Output

EMI Power Supply

v "’"ﬁi..t

* QOutput Impedance

L

e Regulation 237835 ua

* Transient Response 1

* Ripple

* Cost . \ 8.5mm More Power Supplies
This Photo by Unknown Author is licensed under CC BY- 72 m m2

SA
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https://en.wikipedia.org/wiki/Buck_converter
https://creativecommons.org/licenses/by-sa/3.0/

Power Integrity (PI)

Power Integrity is focused on receiving the low frequency power electronics output and distributing it to the high-speed

and sensitive circuits. This includes the filtering and decoupling to support the load current demands that are much
higher in frequency than the power electronics circuitry.

The Power Integrity Engineer also has specific goals, and this (non-exhaustive) list identifies some of the most common:

100 MGTAVTT DeCoupling Capacitors Optimized for Target Z
o Ta rget I m pEd a n ce A—AvaftLlﬂfor selected analysis - Original setup f/'l
_ , e i /
* Ripple Noise : Target z Optimized /
* ExcessInductance . Decouplingi— -
s Capacitor Design S /
AW
) //’/::s"l flﬁ A
- f-/::l\'j,x;'
e

100
Frequency (MHz)

Images Copyright Keysight — Courtesy Heidi Barnes
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Signal Integrity (SI)

Signal Integrity is focused on transmitting and receiving high-speed data from one location to another. This includes
mostly the degradation of the signal quality from the origin to its arrival at the destination. The majority of signal
integrity analysis today is “Power-Aware,” meaning that it recognizes the contribution of the power supply and power

integrity impacts on the transceiver performance

The Signal Integrity Engineer also has specific goals, and this (non-exhaustive) list identifies some of the most common:

* Jitter

Crosstalk

PSNR

 Channel Impedance

Eye DQO.Density
Eye DQ1.Density

T | T ‘ T ‘ T | rrrT | T AA -}::JV—:‘LVT“(“.:1=V:-=:1 VIV::-: ‘ —’_r Irl | L | L | L

I\II\IIlIII\lII\ T T T
0O 100 200 300 400 500 600 700 800 900 0 o o ao a0 om0 eo 7o s oo

time, psec time, psec
Eye Diagram without the effect of the PDN Eye Diagram with PDN (Power-Aware Sl)

Images Copyright Keysight — Courtesy Heidi Barnes

Copyright © 2021 Picotest.com. All Rights Reserved. 6 @ PICOTEST




Electromagnetic Interference (EMI)

EMI is focused on conducted and radiated signals that escape from the electronics circuitry where they can interfere with
other circuits. For example, EMI in the 100MHz range might create noise in an FM radio, while 2.4GHz EMI might
interfere with cell phone or Wi-Fi performance.

The EMI Engineer also has specific goals, and this (non-exhaustive) list identifies some of the most common:

Tektronix

* Unbroken Return Paths
Tightly Sealed Enclosure

* Minimum Coupling

No High Q Impedance Peaks

Copyright © 2021 Picotest.com. All Rights Reserved. @ PICOTEST




The Common Denominator

Signal Integrity: SIPI: Power Integrity:
Reflection noise Power rail noise induced jitter Core logic voltage noise
° Terminations and routing topologies Power supply noise coupling On-die capacitance
Cross talk Signal to cavity coupling Bandini Mountains
I h e I n t e ra Ct W h et h e r W e Attenuation and loss Cavity to signal coupling Package power path loop inductance
, Mode conversion Reducing cavity impedance On-package capacitors

Controlled ESR capacitor
Decoupling capacitor integration

like it or not supvem:

Return path discontinuities =
Ground bounce Power Dellvery
Cavity impedance and resonances Path
Cable coupling to the edge of boards
Signal routing near the edge of boards
Return vias and decoupling capacitors

There is a common thread . L

Radiation from the edge of boards
Common mode chokes in connectors Power supply design and large

Board to board near field coupling current transients

o SSCG and phase lock loops Common currents in power lines
Cable, connector design and EMI/EMC (conducted emissions)
[ N ] Power line filters

ERC/EMI:
Conducted emissions

Common currents
Antenna design (on purpose and accidental)

mpedanc =t

Radiated Path

Courtesy, Eric Bogatin, Signal Integrity Journal
http://www.signalintegrityjournal.com
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Contrary to Popular Belief

 These interactions are NOT limited to high frequency
or high power

* Impedance isn’t the ONLY issue

Let’s look at just a few examples...

Copyright © 2021 Picotest.com. All Rights Reserved. e @ PICOTEST




PE -> SI

-
It seems oscillator designers have known about the & 0 ' l—{
interaction between the power supply and the oscillator = L ﬂx | K{
for ages ‘ 1
o 0

As th.is e>'<ample shpws, thereis a .Iot mor.e p(?wer supply Ripple stripper — avera;:;’ ﬁ ﬁ.&, [ 0
circuitry in the oscillator than oscillator circuitry e T voltage bias athi

4 stages of noise
Master oscillator designer, Charles Wenzel, knew this well reduction
and was constantly looking for better methods of reducing —i

power supply noise

Power supply noise is one of the dominant sources of
jitter in Sl systems and generally this is included in power-
aware Sl simulation

Power / bias

Oscillator

Courtesy http://www.ko4bb.com/~bruce/CrystalOscillators.html
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Power-Aware Simulation / Filter Design

Phase noise is somewhat dependent on the impedance of the
loaded crystal resonant Q

v_DC
SRC1

Vde=VDC

V_Noise
SRC3

V_Noise=250nV

+

¢
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R INDQ
Rfitr L3
R=100 Ohm L=820 nH
. Q=90
'\N} F=13.4 MHz c
::;ﬂ Mode=Constant (3 —
ir Rdc=0.3 Ohm = T
o1 8uF C=10nF
o \ |
R 2
R3 c
§ R=1kOhm c4
— 1 C=180 pF
- )|
R
R R4
R1 R=2.49 kOhm -
R=15 kOhm § BJT_NEN —AAN -
BJT1 BJT_NPN
Model=BJTM1 BJT2 -
Noise=yes C Model=BJTM1 -
: I/ Cc2 Noise=yes Cé
M C=CtunepF r«% |—? €=0.01 uF
AW o A y |
C 71 fot 71
o1 — . C=6 pF Ee
R=15 kOhm R=1 KOhm SRLC1 - m
R=16 Ohm
L=38mH {1}
1 1 C=37fF T

inal

R
Rload
R=50 Ohm

Phase noise without power supply noise
Phase noise with power supply noise
Phase noise with power supply noise and filter

ADS -60

e) -80—
Om

-\-O N

s

c E -100—

Scm 1

. Q"C)

B @< -120
o= £

cC -

5o 140

(] c - ]
=3 ]

w O
== -160—

-180 | | | | |
1 1E1 1E2 1E3 1E4 1E5 1E6

noisefreq, Hz
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The switching frequency jitter results in power supply noise, which
"t © in-turn results in oscillator jitter - Jitter-Induced Jitter

Horizantal

- Diagrami: Ch1 d

50 1 W 3
POL Switch Node

o ; ; MultiView &'dl Phase Noise - I
- 204V 80 ps 80 ps a0 ps 2 ps g 20 ps 40 ps 6.4 Signal Frequency 124.99934 MHz RBW 0.3 %
e —_— —————m 5 Signal Level 1120 dBm  XCORR Factor - 10
| remam | Modulation 62us offset from trigger ‘ : Att 0dE  Meas Time ~23 5 Meas: Phase MNoise
'- : b T'Noise Spectrum
. {1 10 MHz 121024
! LDIIUSIG \‘.'_BTSB
-70 dBgjHz — 70 di
-80 dBc/Hz -TBU dB]
7 ! FPOTITLL x -90 dBg/Hz '9U dB]
B - -lbu dec)
m’ _ . i
A -110 deepiz —— -110 ded
— 32671V 0
 eaiy | -120 da.;:;:. -120 deg
— 20271V
— -130 dBe/Hz -130 dec
— 7871 mV- : .
ey o L 140 dBg
520y 1 | ;
o7V A00ns 700 o 800 ns -150 dBcfHz -150 dBe
. . . 100.0 Hz Frequency Offset 30,0 MHz
Many switching power supplies use less than stellar 2 Integrated Measurements |
Range |Trace| Start Offset | Stop Offset |  Weighting | IntNoise | PM | FM | Jitter |
H H H H H H H H 1 1 100,000 Hz 30.000 MHz -61.43 dBc 68.76 m°/1.20 mrad 2.832 kHz 1.528 ps
oscillator circuits, resulting in switching frequency jitter > 3 10000OHE 30000 Mi Gijide  ismesiomad  2o0skb  6ospe
3 3 100.000 Hz 30.000 MHz -38.27 dBc 988.54 m?®/17.25 mrad 2.964 kHz 21.968 ps
"r - S 20062007
| )il | Measuring  WANNNNNAN w8 (DC| *°32"C y

Date: 29.JUN.2017 03.47.07
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ElEX

gilent E5052B Signal Source Analyzer.

Trace Yiew
PPhase Moise 10.00dBf Ref 0.0000BC/Hz
0.000 P Carrier 124,999340 MHz 10,6226 dErn
' =1: 38,141 kHz -81.2562 dec/Hz
2: 19,356 kHz -79.2277 deg/Hz
Hiostart 10 Hz
Stop| 10 MHZ
Canter| 5. 000005 MHz
Span 9o Rehih- MHZ
=== pojse| ===
Analwsis range| ®: Band Marker
analysis Range| ¥: Band mMarker
Intyg|MoisE: F32.9602 dBc /) 10 MHz
RMZ | Mosg: 31,8057 mrad
1.8223% deg
RMS Jitfter: H0L4963 psec
residuall Fm:l 5 0693 kKHZ

Aperture
1.5%

C L
yiData -> Mem
yiData Math

Off
’Tquation Editar...

Offset
OdE

Marker -= -Offset -30.00 p-

==

Fersistence

W|

Copy to USER.

e

Spurious

Trace Label
"Fhase Moise"

Return

T|

IF Gain 20dB Freq Band [99M-1.5GHz] LD Opt [<150kHz]

Stop 10 MHz |

Cor]cel ov]pow 1ov]atm 10dB]ExtReft]ExRef2]Stop]Svel 2012-08-04 15:19

Of course, this destroys S| performance by generating noise
in the reference clocks and the PLLs

But that’s the SI guy’s problem, right?

IF Gain 20dB

Copyright © 2021 Picotest.com. All Rights Reserved.

t E5052B Signal Source Analyzer

PPhase Moise 10.00dBf Ref -30.00dBc/Hz

B
b

i Band Marker
ToBand Marker

Freq Band [99M-1.5GHz]

| R Circuits like Burst, Chirp, or PFM mode are often

=0y implemented in POL switching regulators when the

o p ch g reg S Y
operate at low power. This improves efficiency

Carrier 124,998810 MH:z 10,7263 dErn
94,3059 dEg/Hz
-58.6559 dBg/Hz

= A
LC Opt [«150kHz]

Fopts
Stop 10 MHz |

Trigger

.
’T

Single

L] Continuous

Restart
Source
Internal
Ext Trig Polarity
Megative
Ext Trig Output
Ayerage Trigger
OFF

Window Couple
OFF

Return

2012-08-04 15:14

&
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Power Rail Resonances Result in SI Too

Power Rail Impedance Plot (VRTS3)

10

(D) '
S | /
2 VRM resonance (stability)
c ; Power Plane resonance
= (decoupling)
k=
S
o
O
©
I_

100m :

Tk 10k 100k ™ 10M

Frequency (Hz)

Copyright © 2021 Picotest.com. All Rights Reserved. PICOTEST




Pl -> PE -> SI

Those PE and Pl resonances get
excited by the dynamic operation of
the system and interact (in a bad
way)

In this picture, the upper YELLOW
trace is a 125MHz reference clock

The - trace is a load demand,
such as a transceiver being enabled

The lower - trace is the

frequency vs. time display of the
125MHz reference clock

The ringing is the response of the
7MHz resonant impedance peak

Copyright © 2021 Picotest.com. All Rights Reserved.
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File Edit Applications Utility Help

Spectrum View

@I |

Interaction W|th a 1MHz repetltlve
pulse from another arcmt |

70.8 MHz i

VVRVY -
- 12 131250 MHZ0 MHz

33 1 dBm

Spectrum V|ew |

LDO Good Decouplmg

Wavef[}rm View _

““II|||||||||||||||||||II|IIIIIIlII||||||l||||||||||||||||||||||||||Ii|IIIIIIIII|||||||lﬁ it
uulllllllllllllllllllllllllllllllllllllIlllllllllIIIIIIIIIIllllllllllllllllllllllllll it

— v

fPQ\s\feréRail

_________________________________________________________________________________________________________________________________________________________________________

ips s0m

- 126.867991 MHz
- 126.328127 MHz
- 125788263 MHz

: EL«HE 8672 MHz

124’13 MHz
2k708 ‘s.nH:

8 MHz

Add || Add | Add
New | | Mew | | New
Iath | Ref | Bus

Trigger

Tektronix
Add New...

Cursors | | Callout

Measure| | Search

Results
Table | ot
L More
Meas 1

Copyright © 2021 Picotest.com. All Rights Reserved.
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Sl -> PI

Interactions occur in the opposite
direction just as easily

The same power plane can be

excited to create a Rogue Wave,
or an extreme voltage variation,
typically at a high-speed device

Here the digital signal pattern is
created in a unique way, to excite
both the VRM impedance
resonance and the 7MHz power
plane resonance

The combination results in a
70mVpp noise signal. This noise is
much larger than what would be
allowed for a 1.2V power rail or a
PLL

Copyright © 2021 Picotest.com. All Rights Reserved.

2017-08-09
04:19:15

T
Diagraml: Chl a

T T T T
(W Meas... 129 x ]
39.73 mV¥
-36.907 mY

Max
Min

Horizontal

Res: z00 ps / 5§ G5a/s
RL: 1 MZa RT
Sely 20 psidiv

Pos: 45,6 ps

Trigger Auta
&: Edge £ Cha

Lwl: 300.3 my

-

=
Sl 10 miAdiv
Pos: 0 div
Off: 5.5 my
Cpl: DC 50Q
Dec:Sa  TA: Ay
B 50 MHz

Selce

Sl 10 mvddiv
Pos: 0 div

Off: 35 my
Cpl: DC 5060

f ’Dec:Sa Th: Aw
‘ B 4 GHz

47-"| p=

£
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Challenge: Encapsulated Vicor Module

e FOz W ohe —= = =

Determine: Sl . EEACE \ jpVICOR
z 'z cr iz 2322 ChiP DCM

4 EVALUATION BOARD

PN 47330

_ EML GND -
 |Inductance and turns ratio of the
power transformer

* Mode of Operation
57 Hos ) V

Rules: e e e T

* No probe can contact the module or
copper on the printed circuit board
e Cannot x-ray the module

5
@
a
\
@
€
@
;
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No = Impedance of Free Space (37712)

- 5 Zioop > Mo
max : _ ) Z100p < Mo

. Z100p

https://learnemc.com/electromagnetic-radiation
Tektronix

File Edit Applications Utility

Waveform View

W

1 sy
OO
uEU G

1S31021d L

9 |
L4
o)

1.2 s

400 ns
Trigger Triggered

Add || Add || Add
Newy || New || New
Math| | Ref || Bus

&
19w} PICOTEST
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1 2
Pin= :-Lpri-lpk -Fsw

Transformer Turns Ratio

Ipk=—Ton
Lpri

Substituting

T 9

File Edit Applications Utility Help Tekﬂ'onix Few-Ton -1

Waveform View Pin =

- tri..t'.l.d-

2-Lpri
And solving for Lpri

-
Lpri= Fsw. an.f
2-Pin

Plugging in valu

}_5“' = IfL.I.D- ]_D:i

-9
Ton = 200-10

=
Fsw-Ton -

Lpn =
P 2-Pin

Ipk = —2 Ton = 3.006
Lpri

800 ns 1.2 s 1.6 s

" Horizontal Acquisition Triggered 2
New | New||New| | DVM| | AFG Suae i in = —-Lpr-Ipk™ -Fsw = 12
Math | Ref || Bus o = y 2
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TEMPEST

In the 1950’s it was observed that the
emanation of EMI allowed signals to be
captured and decoded

TEMPEST (Telecommunications Electronics
Materials Protected from Emanating
Spurious Transmissions) rules were
developed and implemented to minimize
the ability to decode signals, which were
transmitted through many mediums. For
example, audio signals, ocean waves, and
RF currents in the skins of aircraft and
submarines all transmitted data, which
could be decoded

This Photo by Unknown Author is licensed under CC BY-ND

https://en.wikipedia.org/wiki/Tempest_(codename)
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vDD

Simplified Step-Down

Step-Down (Buck)

Totem-Pole The half bridge (or totem pole) is a Regulator
Half Bridge very common circuit. It’s the output £>

£> stage of logic gates 8

G m o

This is also the power circuit for the
common step-down converter and also
I for the half-bridge and full bridge
power converter

LOUT

C1

/1

couT f
R

Il

D
NS
Qz

Q2

but this one is simple to understand
and once you understand it, you can
easily understand the others

ET There are other topologies for sure, #@

Copyright © 2021 Picotest.com. All Rights Reserved. PICOTEST




CMOS Logic Gate — NO LOADING AT ALL, yet generates
almost 1.5Vpp transient. Due to the interaction between the

source impedance and the MOSFET Coss impedance
C406 SV FLT
H T ' Tektronix
O1uF é : . : — = 5 _ — _ : _
R404 H402 ‘
&ND 0.1 DNI
U402 - ‘
L Nc  wvec IJ_ ; | _ ‘ _ l
IN R20 G-\-D[:_‘ple : Z ﬁ
3 GND OUT —t—AAA | _ _ . _ _ | . il
NC75Z04 0 0.01uF | F ‘
= - L [ rﬂf»W«wwwM‘LWMmmmw 'l?\IHFW‘W#W'FJMWMMW ﬁf\'wmwwwhm |
Ne [2] Vee

a[2] —DO—L
GND [3T]

T

Copyright © 2021 Picotest.com. All Rights Reserved.

)
Ch1

200 mV/div
500
4GHz ™

40 ns/div 400 ns
SR: 25 GS/s 40 ps/pt
RL: 10 kpts ¥ 50%

&
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Simplified Circuit — Parasitic Impedance Added

YDD

The input Vcc decoupling capacitor, C1, is shown along with the interconnect
inductance between the chip and the cap (not the placement of the pins)

T o L3, L4, L6, and L7 are the PCB and the bond wires, while C_Q1 and C_Q2 are
the internal MOSFET COSS terms. There is an additional capacitor that is the
output trace or plane connected to the OUT pin

;L
LA

When the top MOSFET, Q1, turns on, the inductive parasitic elements
resonate with the Coss of the lower MOSFET (C_Q2)

2 L2
U

_Q2

This results in a resonant current (ringing) or a SINC waveform, depending on
the damping provided by the MOSFET resistance and the PCB losses

1
I|I
|

GND

Copyright © 2021 Picotest.com. All Rights Reserved. 24 @ PICOTEST




A Better Model

How to decouple??

Copyright © 2021 Picotest.com. All Rights Reserved.

There are 3 types of responses from this circuit

av
Iinstantaneous = C dt This is an impulse with finite dV/dt

lyverage = C -V + Fsw This is the average over the repetition

C

[ — . - [ . 3
Z =V i This causes the ringing

IR

Iresonant

Our logic gate example had a very fast dV/dt (5V/300ps) and
low repetition rate. The instantaneous impulse current is very
high, while the average current is near zero

The poor placement of the Vcc and GND pins results in high
inductance for L1 and L2

s gy PICOTEST




Extending it to a VRM

Yoo At.hlgher frec.quenu.es Note there are THREE capacitance contributors: MOSFET, PCB and Inductor
- this appears inductive

(and possible also near

the bandwidth) 230MHz will appear in the EMI
File VEd.it Applications  Utility  Help Tektronix
PI tra nSformS this At: 4.325 115@4:':1;‘:1.22 MHz

Av: 5972V Av/At: 1.38 GV/s

— C_M impedance and the PCB t: 999.542 ps t:5.324 ns

v: 20.496 V v: 14524V

impedance to the PI
needs of the chips

LouT \
Y Y Y e

Jf@
N 231MHz ringing
% - 70% overshoot
L-c_02 ! \
—Lc_sw |
1 pcB

Copyright © 2021 Picotest.com. All Rights Reserved. @ PICOTEST




File Edit Applications Utility Help

Tektronix

Spectrum View

150.0 MHz

X Add New... ) {

Cursors | | Callout

-20 dBm

Measure| | Search

-30 dBm
Results Plot
Table

-40 dBm

More... o Q|

-50 dBm
-60 dBm
-70 dBm
-80 dBm

i
~ggdem!

-100 dBm

350.0 MHz |« ’

Waveform View

m

L

80 mV

60 mv

40 mv/

Copyright © 2021 Picotest.com. All Rights Reserved.

1
I
1
: 40 mv
1
H 60 mv
I
E 80 mv
-160 ns 120 ns 80 ns 40 ns Ois 40 ns 80 ns 120 ns 160 ns
— — = - = — || Spectrum Trigger Acquisition
Add || Add || Add
2113|456 7] 8 Mew | |New | New| | DVM| | AFG
Math| | Ref || Bus

T 2 .
L
) o
N S e I

» ; ‘(
- “w
3
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Inductor

Inductors are often poorly specified. Neither SRF
or parallel parasitic capacitance are specified

Inductive Impedance

7

Product Specificati
Part oct ‘/FLLZ ‘L |mr,:: R |I::a:’1~"ms a2 DCR (n€2)
Numbet + 10% (nH) (nH) (Amps) @ 25°C (Amps) @ 125°C (Amps) @ 20°C K-factof
R Version Product features
FP1308RI-R11-R 110 79 120 105 233
FP1308R1-R21-R 210 152 80 68 233
FP1308R1-R26-R 260 187 57 64 52 032£94% | 233 e 13.4x12.7 x8.0mm surface mount package
FP1308R1-R32-R 320 230 52 40 233 _ :
FP1308R1-R44-R 440 317 37 28 233 ® Fernte core mater|a|
R2 Version
FPisoEre A | 210 = & 5 5 « High current carrying capacity, Low core losses
rPisoBReRszR | 320 230 ® 2 e P « Controlled DCR tolerance for sensing circuits
T —— . - - « Inductance range from 110nH to 440nH
FP1308R3-R11-R 110 79 120 105 233
FP1308R3-R21-R 210 152 80 68 233 « Current range from 37 to 120 Amps
FP1308R3-R26-R 260 187 68 64 52 0.18+20% | 233
L —— —— 2| . Frequency range up to 2MHz

Copyright © 2021 Picotest.com. All Rights Reserved. 28 [—J\/\) PICOTEST
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Measured Impedance

400MHz

Capacitive impedance

-
o

Inductive impedance

(O}
O
>
+
C
(@)
()
=
S
5 100m 300nH .
8 == ——
= P
o
< 10m 7
Ll
o /
1 _
S 1m Bzl Cp = ———— = 2508 10 10
s / (2-w-Fr)y -L
W
100p
10 100 1k 10k 100k ™ 10M

Frequency (Hz)

— Trace 3

Copyright © 2021 Picotest.com. All Rights Reserved. 29 @ PICOTEST




The Inductor SRF Impact

File Edit Utility Help 'kk"onix
Math 1 - FFT (Ref 1) Waveform View Fﬁ —l Add New...

Impedance induced ringing

Cursors | | Callout

Ferrite Inductor

Measure| | Search

Ferrite Inductor : : : : - : | e pg

et More...

-60 dBm

AR
.U

Math 2 - FFT (Ref 2)

Custom Inductor =~ v+ Custom Inductor

1 MHz | Lo[MHE 1l \ . . Lol Lo . Lo A .

z ) L . L
Math 1 Math 2 Ref 1 Ref 2 — Horizontal Trigger Acquisition Coeres
20 dBmv/div | 20 dBm/div | 10 mV/div | 20 mV/div Add 400 ns/div 4 s ()~ 124 Auto, Analyze
125Gsis | 12.5Gsis '\éi"s" SALUBE LSRN <R 12.5 GS/s 80 psipt High Res: 12 bits 18 Dec 2020
Fftmag(r... | Fftmag(r... | TP5D ferr P5D cus... RL: 50 kpts ¥ 11.3% 0 Acgs 8:45:31 AM
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Even Higher Frequency Sl Impedance Issues

1.00
5

T

High frequency capacitor model

= 0.50—

0.25—
| mJﬂnm.? m3 m4

0.75—

TDR, V (H)

L L L L L L L L L L L L L L L L L L L L L L L
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

time, psec

@51OO*integrate(TDR,indep(m1),indep(m2)) T c

http://b-dig.iie.org.mx/Bibdig2/P14-0270/PDF/Technical_Papers/123_3595.pdf B =integrate(TDR indep(m3),indep(m4))/25 150.0 p 1498 ¢
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How To Stay Out of Trouble??

* Choose components wisely — measure them. The -
manufacturer’s specification will often leave out what
you need to know

)
=)
3

 The Bode 100 supports 7 impedance measurement
options from uOhms to Mohms, and everything in
between

100p

Trace 1: Math Magnitude (Q

-
o
o
~

* Measure your Bare boards. It isn’t generally difficult to
measure plane capacitance and inductance using the
Bode 100

100 1k 10k 100k ™ 10M

10k Frequency (Hz)

—_
~

100

iy
o

* Know how your designs impact other disciplines. Try to
meet your own needs WITHOUT causing harm to

_

Trace 1: Impedance Magnitude (Q)

others o
10m
. . . . .. . 10 100 1k 10k 100k ™ 10M
e Everything is a compromise. Higher efficiency isn’t a Frequency (Hz)
good thing if the result is that the system doesn’t work — 100nF COG 12..
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Key Takeaway

Sl, Pl, PE, and EMI don’t have separate electrons, they
interact with each other in a lot of different ways and
through a lot of different paths. It is up to each of us to
preserve SYSTEM Integrity and that means understanding
the interactions and performing the fundamental

measurements that are needed to preserve it.
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| Don’t Expect You to Take My Word For It

Actually, | do, but in case you aren’t convinced
that impedance is the common denominator...

https://www.tempoautomation.com/blog/using-impedance-control-to-manage-pcb-signal-integrity/

https://incompliancemag.com/article/emi-and-signal-integrity-how-to-address-both-in-pcb-design/

https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/wp/wp sgnintgry.pdf

http://suddendocs.samtec.com/notesandwhitepapers/paper trackO8 designing-dc-blocking-capacitor-transitions designcon-2018.pdf
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https://www.tempoautomation.com/blog/using-impedance-control-to-manage-pcb-signal-integrity/
https://incompliancemag.com/article/emi-and-signal-integrity-how-to-address-both-in-pcb-design/
https://www.intel.com/content/dam/www/programmable/us/en/pdfs/literature/wp/wp_sgnlntgry.pdf

Thank You for Attending!

* You can learn more about the products and accessories we discussed today by visiting:

= www.picotest.com

= www.omicron-lab.com

* YouTube Videos: How to Design for Power Integrity

= Tinyurl.com/pi-videos

* Please feel free to connect with Steve on LinkedIn by joining the LinkedIn group:

= Power Integrity for Distributed Systems

* Most new articles are posted here:

= www.picotest.com/blog

* Check out Picotest’s online Forum for questions and answers from Steve and the community:

= https://www.picotestonline.com/forum
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Email info@picotest.com with any other questions
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