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Power Integrity
Measurement Fundamentals

Joel Woodward
Oscilloscope Product Planning
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Typically Lots of Power Rails
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PDN (Power Distribution Network) Example

HOMI Dual Quad-SPI FMC1 FMC2
Video Output ~ Flash Memory (HPC, Bx GTHs) (LPC, 1x GTH)

Micro SD Card Slot _ _
(Backside of Board) s ! o - »

Xilinx Kintex VCU105 Board:
= Power Planes

Pmod Header Female 15 Ma]ﬂr Power Dlstnbullt}ﬂ
5‘_ PMBus Header Networkﬁ (PDN)

S 16 Layer PCB

User Clock Input SMAs

USB-UART Connector

USB-JTAG Connector

User GPIO SMAs

RJ45
(10/100/1000 Mb/s Tri-Speed Ethernet PHY)

XCVR SWMAs
(1x GTH to 4x SMAs)

2x SFP+Cages
(2x GTHs)

' GTH Reference PCle Edge Connector JTAG Header  XCKU040-2FFVAT156E
Clock Input SMAs Gen xB (Bx GTHs)
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Power Rail Testing

» IC suppliers specify # of power rails, voltage for each, and tolerance for each.
- FPGAs, ASICs, CPUs, DDR memory...
» Measurements: sequencing, noise / ripple, drift, load/step response, EMI

Power
voltage
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Power Rail Measurements: Noise / Ripple (Vpp)

O i g rose e

Time
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Power Rail Measurements: Supply Drift

Supply Drift
Vout

tolerance window

Time
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Power Rail Measurements: Load/Step Response V cbis

Load Response
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“bLTEST

Power Rail Measurements: Coupled signals (EMI) o bt

o—| |[—o

§503
Voltage

Power

A
Ti > Switching freq
ime

4/
‘ Coupled signals

Freq

ROHDE &SCHWARZ @
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Oscilloscope:
Primary tool for power rail analysis

88 «@EAEEEHNIREE 0

DC power Rail (1 V/div)T

File Horizontal ‘Trigger|Vertical | Math |Cursor Meas | Masks |Search  Analysis | Display Tutorials

Digital Test: Power Integrity Fundamentals
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Power Rail Measurement Challenges

Lower rail voltages and smaller tolerances

500 mV,,

10%

Easy to measure

Examples

g i | : Value measure
= i E i Hard to Measure 3.3V 1% 33mV,,
1.8V 2 % 36 mV,,
1% 3B my,, : P i0mv,, 12V 2% 24mv,
1V 1% 10 mv,,
i ] " ] ]

v

12V 5V 33V 1.8V 1V

Scope measurement noise can
DC Rail approach or exceed needed
signal measurement values
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Measurement Noise...
is a function of what scope you use ?QT’

You will never be able to measure signal attributes smaller than the intrinsic noise of the scope.

Scope A

® 6 0 ©°
More noise

Less noise
Intrinsic measurement noise with all input signals disconnected.

ROHDE &SCHWARZ @
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Measurement noise... 7 2bis.
is a function of full-scale vertical scaling (% of full vertical) §53

10 mV full screen 100 mV full screen 5V full screen

Least noise More noise Even more noise
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Measurement Noise: Insufficient Internal Offset Impacts
Requires using a higher vertical sensitivity > more noise

Using max built-in scope offset

L«‘IIfii I E IO ECGEED

ProbeMeter 1 N x)

EE 2438 ¥
2.4V rail

@100 mV/div, Vpp = 75 mV

KA AhAA A FAAAA KA Ao
A h i
.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.v.w.v.v.v.v.\.v.v.v.v.\.v.v.v.v.\.v.v.v.v.\.v.v.v.v. !

Current +Peak ~Peak mu (Avg) RMS StdDev Event count  Wave count
Meas 1 @

Peak to peak 67.194 my

staitics: QTN

888 File Horizontal |Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorlals

75.099 my. 67.194 mv. 69.078 my 69.111 my 21296 my 644 644
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2007-01-10 G
04:58:17 [

Horizontal
10 ns / 100 MSs/s

Level; 2,43501 ¥

Using built-in probe offset

0= EE=EETEE D
" Y

ProbeMater 1 %)

Et 2438 ¥
2.4V rail

@5 mV/div, Vpp = 42 mV

atd L EEEEEE R R R R R PR R

24137

swary A m Ve ds i 2 e - 5m

Current +Peak “Peak mu (Avg) RMS StdDey Eventcount  Wave count
Meas 1 @
Peak to peak 41502 mY | 42.292mY | 41107 m¥ | 41533 my| 41534 mé

statistics:  @ITETIED

288 File Horizontal Trigger Vertical Math Cursor Meas Masks Search |Analysis Display Tutorials

170.06 p¥ 15508 15508

ROHDE &SCHWARZ @

2asy
VR R A e

Horizontal
10 ns / 100 MSa/5

Trigger
Edge £ chi
Level: 2,.43501




Measurement Noise...
is a function of Measurement bandwidth

FE=-EeAEEEDE B % |
el | T | | | | ez

Noise in'time domain

Noise in time domain

Ifreq domain form 0 to BW

-Peak mu (Avg) RMS

221.99 p¥ 226.18 p¥ 220.97 pv 222.69 p¥ 222.69 pv 602.34 n¥

288 Filz Horizontal Trigger Vertical | Math | Cursor Meas | Masks Search Analysis | Display Tutorials

More measurement bandwidth = more measurement noise
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Measurement Noise...

is a function of measurement signal path (50Q /1 MQ) +probe + probe accessories ?QT’
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Measurement Considerations

How important is measurement accuracy?
1. Learn & use scope settings that impact accuracy

2. Investment in low-noise scope with needed BW
for your power rail needs

3. Investment in specialized power rail probes

500 mV,
10% *

Easy tb measurg
! 1

5%

Tolerance

Hard to Measure

i .
1 33mVy 1 > 10mV;,

DC Rail
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Measurement Considerations

5%

Tolerance

How important is measurement accuracy?
1. Learn & use scope settings that impact accuracy

3. Investment in specialized power rail probes
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Four Measurement Approaches

®
Standard Low BW 50 Q cable Specialized
10:1 1:1 (with blocking cap) power rail
passive passive probe
probe probe
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Device Under Test - 3.3V Power Rail

3.3 Vrall

A1t 20 CHANGE

ROHDE&SCHWARZ @
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10:1 Passive Probe

Specialized
power rail
probe
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10:1 Passive Probe

®
Advantages Disadvantages
» Comes standard with most scopes » Significant noise
— no extra expense — 10:1 attenuation
» 1 MQ loading at DC — Minimum vertical setting of 10 mV/div
— Preserves expected DC value » Long grounds
» Easy to connect using browser tip » BW limited (500 MHz for ZP-10)
— Multiple ground alternatives » No solder-in alternative
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10:1 Passive Probe with Alligator Clip

2019-03-25
16:59:06

3.1V rail

Max Min  (Mean) RMS Event count

51.383 m¥ 60.17 mV 41.502 m¥ 48.033 mV 48.115 m¥ 1017
3.0925¥ 3.0926 v 3.0913 ¥ 3.0919 ¥ 3.0919 ¥ 1017
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Noise: Function of Vertical Full Scale

N
A 2019-03-25
\ 16:43:31

Xy 1 Horizontal
Diagram1: ch1 &3

@) B0 0000C

Current Max Min W (Mean} RMS Event count

Meas Group 1 B
Peak to peak 53.36 mv 61.66 my 46.64 my 52.375 my 52.428 my 1012
RMS 3.091v 3.0922 v 3.0909 v 3.0916 ¥ 3.0916 ¥ 1012

B Reset ]
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Noise: Function of Probing Accessories

000 00® ]
800 0058

3.1V rai

Y
ago
Qup

Ground
spring

' R
*9_MHZI_CLK /

&ﬁ

ROHDE &SCHWARZ @
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Probe Positioners

ADD an extra hnd

=0

eseedn,,

- B

3D Probe Positioner

€
Probe Positioner 2 Leg

ROHDE &SCHWARZ @

26 Digital Test: Power Integrity Fundamentals




1:1 Passive Probe
Gy
N\
Low BW Specialized
11 power rail
passive probe
probe
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1:1 Passive Probe O

Advantages Disadvantages

» Low cost » Limited BW

» Excellent 1 MQ loading at DC - 38 MHz for ZP-1X
— preserves expected DC value — under reports V,, measurements

» Ability to scale to 1 mV/div — masks high freq signal coupling

» Easy to connect using browser tip » Limited offset — may require AC coupling
— Ground spring ground alternative » No solder-in alternative

28 Digital Test: Power Integrity Fundamentals ROHDE & SCHWARZ @




000 00® ]
800 0058

0{000{80

ago
Qup

] 7l
30000 e @ e

'® ‘TECLTETNGE

| o

Ground
spring

*9_MHZI_CLK
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50Q Path

oyl
o e

nooioo®|

2
=
a
a
=
a

} son
a@e

@:@ o:@ I

N
50 Q cable Specialized
(with blocking cap) power rail

probe

ROHDE &SCHWARZ @
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50Q Path

I_
e )
Advantages Disadvantages
» 50 Q) scope path typically has less noise » 50 Q loading at DC reduces power rail
than 1M Q scope path voltage
» SMA connector or solder-in pigtail allows for  » Insufficient offset (requires blocking cap or
measurement consistency and ease of AC coupling)
access

— Masks DC drift
— Eliminates ability to see true DC voltage

=

L St
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50Q2 Path: AC Coupling

2019-03-25
18:01:21

L

Vertical[a.@

Channels Coupled Channels Power Calculation

®
u@ Enable channel mlnvert channel

Ground Vertical scale Position

)

0 Acquisition |'

Bandwidth
Digital Filter Setup |»|

Current 1 (Mean) RMS c(S-dev)  Eventcount  Wave count
Meas Group 1
Peak to peak 3.9526 mV| 17.787mV 27668 mV|  3.8415m¥  3.9198m¥  780.22 u¥ 452 452
RMS 13626 m¥ | 18777 m¥ |  342.29u¥  1.0024m¥  1.0971mV¥ 446.39 pv 452 452

Statistics:

Ky Digital Test: Power Integrity Fundamentals

Set to 50Q path (channels setup)
Attenuation to 1:1 (probe setup)
50Q path (limited offset may require

AC coupling)

ROHDE&SCHWARZ @




50Q) Path:

Sufficient offset not available: Requires 200 mV/div scaling.

—_——

2019-03-25
20:19:54

Horizontal

goo oo®
000 0050

0[000jen

=
=
o
a
a
&
=}
.

Diagram1: ch3 E3 ‘ ‘ ‘ A ‘ ‘ ‘ ‘

\ ;
50Q Pigtail

Chi¥fm1 [=<)

1
1
1
I
I
1

1

\

\
\
\
\
\
A Y
N
‘Wave count

Max ] W (Mean) RMS o (S-dev) Event count
1028 1028

|
| Current
1028 1028

70.256 m¥ 4.4438 m¥

Meas Group 1
79.051m¥ | 63.241mv|  70.116 m¥
3.046 ¥ 144.88 py

¥/ Peak to peak 71.146 mv
/ RMS 3.0461 ¥ 3.0465 ¥ 3.0455 v 3.046 ¥
4 statistics: (TN

ROHDE &SCHWARZ @
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50Q2 Path with Blocking Cap (3dB BW = ~20 MHz)

No ability to measure absolute vertical values

2019-03-25
18:03:20

goo oo®
000 0050

0[000{0,

agn
Qup

Of 480

50Q Pigtail

Ch2wfm1 X

o (S-dev)  Eventcount W

425.92 pv 1010

2.7668 m¥ 3.8089 mv 3.8327 mv
555.36 pv 1010

3.1621 my¥ 4.7431 m¥
314.35 pv 1.1573 m¥ 1.2836 m¥

1.708 my 2.3067 mV

Blocking
cap
(~20 MHz)

ROHDE &SCHWARZ @
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Blocking Caps (and AC coupling) Create Measurement Problems

AC coupling mode and blocking caps eliminate ability to see DC changes

DC Dirift

low freq DC changes

Digital Test: Power Integrity Fundamentals ROHDE & SCHWARZ @




Power Rail Probes

50 Q cable Specialized
(with blocking cap) power rail

probe

Digital Test: Power Integrity Fundamentals ROHDE & SCHWARZ @
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37

Lots of Probes for Different Applications

\
‘<:::§§

higed
§503
— @

‘ ¥ . | %
% »'»)-/9""{
(7 \
23 ~\ Q Vi, %

- - -
® L P,
R&S@DRT'ZP10 R&S@RT-ZP1X » |
10:1 500 MHz passive 1:1 38MHz passive Power rail
>
General Specialty
purpose (application focus)

Digital Test: Power Integrity Fundamentals
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Power Rail Probes...Specialty Tool

y
I'.

Circular saw Jamb saw.
Great for a bunch of stuff. Does one task really well.
Can’t cut door jambs. Not useful for anything else.
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Power Rail Probe

L5
§503
Advantages Disadvantages
» Low noise (typically 1:1 attenuation ratio) » Initial investment expense
» Built-in offset (typically at least +/- 12V) » Requires solder-in/SMA for full BW

» Excelling loading at DC (typically 50 KOhms)
— Power rail retains DC value
» Browser and solder-in connection
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Power Rail Probe Specs
R&S example

40

Designed uniquely for
measuring small
perturbations on power
rails

Active, single-ended probe
Low noise with 1:1
attenuation

Offset compensation
capability

Built-in DC meter

Digital Test: Power Integrity Fundamentals

Key Specifications
Attenuation

BW

Browser BW
Dynamic Range
Offset Range

Probe Noise

Scope standalone
Scope + Probe (at 1 GHz, 1mVrdiv)

Input Resistance
R&S ProbeMeter
Coupling

1:1

2 GHz
350 MHz
+850 mV
>+60 V

107 uV AC,.
120 pV AC,.

50 kQ @ DC
Integrated
DC orAC

ROHDE &SCHWARZ @



Typical Power Rail Probe Solder-in Technique
Active probe head, main cable and solder-in cables REXES

Direct connect to SMA

Digital Test: Power Integrity Fundamentals ROHDE & SCHWARZ @
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Some Power Rail Probes have an Integrated Voltmeter

. y o b
R&S probes call this a “ProbeMeter” o}[]%o
79
» Separate circuit with 18-bit ADC inside the probe N
» Independent of scope ADC —_—
» Measures DC value with 0.05% accuracy | 1‘-?
— > 10X more accurate than scope channel for ﬁ';

DC measurement

» Eliminates need to attach a separate DVM in e
parallel to accurately measure DC Single ended

1457 W

42 Digital Test: Power Integrity Fundamentals ROHDE & SCHWARZ @




Integrated Volt Meter

with cut/paste DC offset

3.293 Vrail <

v

| [Setup Probe Attributes Calibration Results Prnbes@.@@

2019-03-25
19:58:22

Probe  Parameter it miiernal attenuation
Type ' | ‘

Name

Bandwidth -Attenuation

50Q Pigtail

}—’.| Logarithmic

Probe unit

Auto attenuation

ProbeMeter 4 [N x’

|
|
i
|
|
|
|

3.293 ¥

Copy to offset 2

—

—
=
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Power Rail Probe

000 00®

0juB0{a0

f:e) oo ozooc

0500808 (0
[Mi0000) s ¢

LY
a@n
AL

2019-03-25
20:06:08

50Q Pigtail

Ch2wfm1 o

Current Max

Min 1 (Mean) RMS o(S-dev)  Eventcount Wave count
Meas Group 2

Peak to peak 4.2292 mv 5.9289 mv 3.8735 mv 4.6044 mv 4.616 my 327.2 pv 1012 1012
RMS 3.2804 ¥ 3.2806 V 3.28v 3.2803 ¥V 3.2803 V 97.36 pv 1012

1012

44 Digital Test: Power Integrity Fundamentals
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Measurement Technique Results Comparison

Noisy

10 MQ DC loading
Limited BW
Limited scaling

Vpp: 69 mV

®

Standard
10:1
passive
probe

45

Digital Test: Power Integrity Fundamentals

Low noise

1MQ DC loading
Limited BW
Limited offset

Vpp:

®

Low BW
1:1
passive
probe

Low noise

50 Q loading
Inability to see drift
Inability to see DC value

Vpp: 15 mV

50 Q cable
(with blocking cap
or AC coupling)

Low noise

50 KQ loading

High BW

Built-in offset
Vpp: 6 mV

3
N4 g
.

Specialized

power rail
probe

ROHDE &SCHWARZ @



How Much Bandwidth or Pl Measurements?
Gy
Power
A
Switching freq
/

Coupled signals

|

Freq
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How Much Bandwidth Do You Need?

Use the FFT to help you determine

How much is needed here?

BERRY d
gram1: Ch1

[ aa077y
33083y

I 33028y

32881 Y

2017-02-03
01:31:45

Horizontal
100 ps / 10 GSa/s
0 MSa
400 ps/div
0s
Trigger
Width ¥ chi

Ch1Wim1 [=)
2.4 mv/div
3.298128'V
BW: 2 GHz

Result Table: Meas 1
50 kHz 23, dBm
GHz 50,5 dBm

5
Single ended

3303V

Meas Results &3
Current
Meas2 B

Peak to peak

20.134 mv.

+Peak

20.632 mV.

-Peak.

20.0a mv

mu (Avg) RMS stdDev Event count  Wave count

20.318mv|  20.319 mv 193.34 pv 16 16

47 Digital Test: Power Integrity Fundamentals

a 2017-02-14
20:37:39 [ EW

Nt :
Wseyl Diagrami:chi (3

b 3 2006 v

I 32806 "
|- sz806w

szassy

R

Horizontal
100 ps

40 MSa
400 ps/div
05

Trigger

A: Edge fchi
Level: 3.316358 V

Current
Meas 1

Peak to peak
statistics: (0D

79.447 my

+Peak -Peak mu (Avg)

82.213mv| 78.261mV  80.764 mV

10 mi/div
0 div 3.2866 W
BW: 6 GHz

RMS StdDev. Eventcount  Wave count

20.774my | 1.3404 my [}

Scale; 10 dB/div
Offset: -43 dBm

. e

|
|
|
i
-

< Switching freq

FFTmag(Chi)
RBW: 10 MHz

Py
7 | single ended

3294 v

3 GHz

i
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How Much BW Do You Need?

Start high and reduce. Use FFT to help determine how much.

At

Eoary s e F & s e R

Tas v
Zoom1: Ch1 &

b raraa v

L qaran v

b aear v
- 4.2808
b aav

I .40 v

20 MHz
Vpp =32 mV

10831 e

b raaaa v

I ruazaa v

1Ry 12813 17724 1008 ezdz 64004 12 7670 e 62082

Current +Peak -Peak mu (Avg) RMS stdDev Event count  Wave count

Meas1 B

Peak to peak

30.735mV 31.802mv  30.095myV  30.979 mv 30.98 my 262.87 uv 513 516

Statistics:

File Horizontal Trigger |Vertical Math Cursor Meas Masks Search Analysis Display Tutorials
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ﬁ 2017-03-16 HD
15:37:40 [

Horizontal

100 ps

4 MSa

40 ps/div
os

Trigger
A Edge 4 chi
Level: 1.4484123
[=)

1.4607 v
Bw: 20 MHz

Tadv
zoom1: ch1 &d

L rareay

b rarasy

L tasary
brascey
L 1asasy
braaesy

- 1asay

1GHz
Vpp =40mV

10931 bz 0.8 02002 2

- 1asmsy

1a0q2y 12613 12 T2 240z s 78676 1 2082 s

Current +Peak -Peak mu (Avg) RMS StdDev Event count  Wave count

Meas 1 @)

Peak to peak

30.051mV  40.467mV| 38.054mV| 30,627 mV|  30.627mV  240.81pV 520 520

Statistics:

= File |Horizontal |Trigger Vertical Math |Cursor Meas Masks Search |Analysis Display Tutorials

ROHDE &SCHWARZ @

2017-03-16 - HD
15:35:06 U

Horizontal

Sample

H-Position




2019-03-25
20:33:51

Timebase at 4 ms / div

T2 Ch1wfml [>)

T e Sy

Ch2wfm1 o

Cursor Result 1 £3

X1 -11.5915912ms
X2 ms
AX 13.5915912ms
1/AX 73.57490.. Hz

Current Max Min 1 (Mean) RMS o(S-dev)  Eventcount Wave count
Meas Group 2

Peak to peak 14.229 mv 15.217 mv 10.277 mv 12.347 mv 12.394 mv 1.0879 mv 228 228
RMS 3.2053 ¥ 3.2054 v 3205V 3.2052 v 3.2052 ¥ 75.71 pv 228 228

ROHDE&SCHWARZ
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Power Rail Peaking Corresponds to 12C Packets

2019-03-25
20:41:30

Horizontal

Attach to 12C signals

18 ms
L 1

Cursor Result 1 &3
-11.6249648 ms Y1

-76.6768 us Y2
AX  11.548288ms AY
1/0X 86.59202..Hz AY/8X 77.934 V¥Hz

Meas Results &3

Current Min u (Mean) RMS o (S-dev)  Eventcount  Wave count [«]

Meas Group 2

Peak to peak 13.834 mV 13.834 mV 13.834 mv 13.834 mv 13.834 mv ov
RMS 3.206 ¥V 3.206 V 3.206 V 3.206 V 3.206 v ov

ROHDE &SCHWARZ @
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FFT on Power Rail Show 10 MHz and Harmonic Tones

2019-03-25
20:40:15

Horizontal

!
aBm
ffl Diagramz: M4 &3

Current Max Min u (Mean) RMS o (S-dev)  Eventcount Wave count
Meas Group 2

Peak to peak 12.055 my 13.043 mv 10.87 my 11.364 mv 11.387 m¥ 783.42 pv 8 8
RMS 3.2062 ¥ 3.2062 v 3.2061 v 3.2062 ¥ 3.2062 ¥ 44.368 pv 8 8
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Near Field Probe
10 MHz EMI.... coming from 10 MHz oscillator

L MHN

(T8 "]}

Y Digital Test: Power Integrity Fundamentals

i
A m P
E Diagram1: chz &3

B a1
Eaamy
B 2.4 my

B my

2019-03-25
20:58:05

Horizontal
100 ps
95.004 kSa
950,04 ns/div

ij0s

Trigger

) Edge 4 Chi

E,?r}mw’irrrr'hr\'u‘:‘nww‘l'n gnbk ek botab bk
iy il L bR Y AN i

200 v
Etamys
Ezamy

Ezamys

[ anmy @602 2850 s

1.8001 ps

850.04 ns

850.04 ns

bk d-bat gt ook
RRLE kL

18001 ps

kbt
Bk

28501 ps

i bk sk

38002 ps

Level: 1.9328 ¥/

| ChlWfmil

] Ch2Wfm1 [=)

47502 15

ECETL a ]
MRS Diagram2: M4
|- 50 dBm

<60 dBm

70 4Bm

Current
Meas Group 1 [
Frequency 57.803 MHz

Meas Group 2

u (Mean}

@ (S-dev)

Event count

Wave count

1 mvidiv

0 div 100 v

DC 500 BW: 20 MHz
Sample
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What is the typical root cause for Pl problems? «n

Impedance
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Power Delivery Network (PDN): Impedance

The network has an impedance (Zppy) associated with the path
from the Voltage Regulator Module (VRM) to the load (e.g. FPGA)

| mem wem M w Te w1
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PDN Impedance: ebty
o—[]—o
§end
: | a
S a e . i
g voom L R R R N R 1
S 5
tom | SR P S R TS :
" - = — = T T ]
1
100k ™ Frequency (log) (HERTZ) J 109
> VRM Board Caps > On-chip Decaps —>
<+——Package —
< PCB Board >

—> resonances cause Pl problems
-> resonances cause EMI / EMS problems

ROHDE &SCHWARZ @
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How to measure with a VNA?

VNA with built-in SA option

@PACKETMICRO

Power Integrity TEStiI‘Ig 2-port Measurement: S21

ZDUT

Zpyr =25 * 3 o
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Find and Fix Impedance Issues y ety

§503
10
-3 bulk bypass & 8 decoupling capacitors
E -- none bulk hypass capacitors
= 11 —==none decoupling capacitors
=
o
S 0.1
~
2
= 0.01
k=
7.
A 0.001
="
0.0001 - -
1000kHz 10MHz 100MHz

Frequency (Hz)
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SUMMARY / Q&A
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Use a scope with low noise

Adjust vertical scale to most sensitive setting (noise
reduction)

Apply bandwidth limit filters (noise reduction)

Use a power rail probe (offset + noise reduction +
excellent DC loading)

During design, consider how you are going to
probe your prototype

=  Browser (more noise, lower BW)
=  SMA (low noise, easy access)

= Across a bypass cap (SMA coax with pigtail
solder accessory)
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Additional Information

R&S Power Rail Probe Web Page
https://www.rohde-schwarz.com/us/product/rtzpr20-productstartpage _63493-376514.html
Probes and Accessories Brochure

https://scdn.rohde-
schwarz.com/ur/pws/dl_downloads/dl_common_library/dl_brochures_and_datasheets/pdf 1/Probes_and_accessories_bro_en_360
6-8866-12_v1500.pdf

Application cards:

Accurate and fast

Accurate and fast power integrity measurements: Application card power integrity

measurements

https://cdn.rohde-schwarz.com/pws/dl_downloads/dl_common_library/dl_brochures_and_datasheets/pdf 1/RT-
ZPR20_Accurate_ac_en_5214-9515_92 v0100.pdf

Verifying power integrity for DDR memories:
https://www.rohde-schwarz.com/us/applications/verifying-power-integrity-for-ddr-memories-application-card_56279-415355.html
Power Integrity Video

https://www.youtube.com/watch?v=4gw-GQD9hR4

Five Tips for fast, accurate power integrity measurements

https://cdn.rohde-schwarz.com/campaigns-media/data/forms/en/Five-techniques_power-integrity-measurements_misc_en_5215-
0434-92 v0100 96dpi.pdf ROHDE&SCHWARZ B k SR—
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