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AGENDA

O What probe for Power Integrity?

QO Power integrity best practice

TYPICALLY LOTS OF POWER RAILS

PC Board
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PDN (POWER DISTRIBUTION NETWORK) EXAMPLE

Xilinx Kintex VCU105 Board:
Power Planes

15 Major Power Distribution
Networks (PDN)

16 Layer PCB
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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

v
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POWER RAIL MEASUREMENTS: NOISE / RIPPLE (VPP)

CCULORING BOOK

A
VOUt
NN
YL AR " _\:\_nc_)lfe_ i\r?d ripple
DC Output
: >
Time
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POWER RAIL MEASUREMENTS: SUPPLY DRIFT

Supply Drift
Vout

tolerance window
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POWER RAIL MEASUREMENTS: LOAD/STEP RESPONSE

Load Response
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Voltage
a

POWER RAIL MEASUREMENTS: COUPLED SIGNALS (EMI)

Power
- S
T o Switching freq
ime
/
‘ Coupled signals

Freq
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OSCILLOSCOPE:

Primary tool for power rail analysis

DC power Rail (1 V/div)

53
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POWER RAIL MEASUREMENT CHALLENGES

Lower rail voltages and smaller tolerances

10%

5%

Tolerance

Easy to measure

500 mV,,

: Examples

N

: 5 Value

E i Hard to Measure 3.3V 1% 33 mVy,
18V 2% 36 mV,,
! i 33 mV,, ! 10 MV, 12V 2% 24 mV,
1V 1% 10my,

o [ I, @ oo

1
1
1
1
1
1
!
5V 33V 18V 1V

Scope measurement noise can
DC Rail approach or exceed needed
signal measurement values

Spighantiesk PEWRTAtegrity Fundamentals
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MEASUREMENT NOISE...
IS A FUNCTION OF WHAT SCOPE YOU USE

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

Scope A
Scope®
o
-
-
]
[ =
[}

o & 0 ° o 0 o
More noise

I EENENR
[ N X E\}

Less noise
Intrinsic measurement noise with all input signals disconnected.
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MEASUREMENT NOISE...
IS A FUNCTION OF FULL-SCALE VERTICAL SCALING (% OF FULL VERTICAL)

10 mV full screen 100 mV full screen 5V full screen
omm omm
I N - I = ox:
Omm Omm
N - . -k
e 6 0 O e 6 0 O
Least noise More noise Even more noise
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MEASUREMENT NOISE: INSUFFICIENT INTRINSIC OFFSET IMPACTS

Requires using a higher vertical sensitivity - more noise

Using max built-in scope offset Using built-i

=

2.4V rail il 2.4V rall

@100 mV/div, Vpp = 75 mV 1l @5 mV/div, Vpp = 42 mV

FHHEHE A
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MEASUREMENT NOISE...
IS A FUNCTION OF MEASUREMENT BANDWIDTH

QEEEHIEEE
it ‘

Noise in time domain

Noise in time domain

Ifreq domain form 0 to BW

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

59ighantiesd PoMATAtegrity Fundamentals
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AGENDA

O Power Integrity overview

O Power integrity best practice




MEASUREMENT CONSIDERATIONS

How important is measurement accuracy?

Tolerance

1. Learn & use scope settings that impact accuracy "
2. Investment in a low-noise scope with needed I S
BW for your power rail needs B

3. Investment in specialized power rail probes

61pighanfiesk PEWNRTAtegrity Fundamentals
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FOUR MEASUREMENT APPROACHES
® N ® N
Standard Low BW 50 Q cable Specialized
10:1 1:1 (with blocking cap) power rail
passive passive probe
probe probe
62pjghantiesk PEWRTAtegrity Fundamentals
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DEVICE UNDER TEST - 3.3V POWER RAIL

USB
power

3.3 V rail

63pigRRonfissk PEMERTAtegrity Fundamentals
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10:1 Passive Probe

(

50 Q cable
(with blocking cap)

64pigRonfiesk PENUR Rtegrity Fundamentals
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AdAA 4 ™ L

» Probe with Alligator Clip
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3.2V rail

@ @ o Man BT Bus

1000 Measurements

65

AMAICE.

= CTION OF VERTICAL FULL SCALE

3.2V rail
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& Man P Bus

66

12



b= G | ION OF PROBING ACCESSORIES

Ground
spring
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3.2 V rall
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10:1 Passive Probe

Advantages

» Comes standard with most scopes
- no extra expense

» 1 MQ loading at DC
- Preserves expected DC value

» Easy to connect using browser tip
- Multiple ground alternatives

6%ighanfissd PENMRTAtegrity Fundamentals

Disadvantages
» Significant noise
- 10:1 attenuation
- Minimum vertical setting of 10 mV/div
» Long grounds
» BW limited (500 MHz for ZP-10)
» No solder-in alternative

69
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1:1 Passive Probe

Low BW Specialized
1 power rail
p;fgé\;e probe

70pighantiesd PoNATAtegrity Fundamentals
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=t-PASSIVE PROBE WITH GROUND SPRING

Not enough offset, required AC coupling

rrrrrrr

Tpighaheiesk PEWRTAtegrity Fundamentals
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1:1 Passive Probe

Advantages

> Low cost

» Excellent 1 MQ loading at DC
- preserves expected DC value

» Ability to scale to 1 mV/div

» Easy to connect using browser tip
- Ground spring ground alternative

72pighantiesd PeATAtegrity Fundamentals

Disadvantages
» Limited BW
- 38 MHz for ZP-1X

- under reports V,, measurements
- masks high freq signal coupling
» Limited offset — may require AC coupling

» No solder-in alternative
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50Q PATH

73pighahtiesk PEWRTAtegrity Fundamentals

o —

50 Q cable
(with blocking cap)

Specialized
power rail
probe

73
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<t
Channel
Bandwidth On

Differential

Probes Position

Other
Coupling
50 Q (DC)
509 (DC)

1MQ (DC)
1MQ (AC)

Tapighahtiesk BEWNRTAtegrity Fundamentals

200 mV/div

-

L3

Offset

Ground

Off

Vertical

Horizontal

Trigger

Acquire

Measure

Cursor

Math

Apps

Logic

Settings

Save/Recall

)
—
+ +* + —
Math FFT  Bus
Menu

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

AC coupling)

74

50Q) PATH:

SUFFICIENT OFFSET NOT AVAILABLE:

75

ohde & Schwarz
Digﬁal@est: §ower Integrity Fundamentals

REQUIRES 200 MV/DIV SCALING.

75
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50Q2 PATH WITH BLOCKING CAP (3DB BW = ~20 MHZ)

NO ABILITY TO MEASURE ABSOLUTE VERTICAL VALUES

50Q Pigtail

Blocking
cap
(~20 MHz)

76pighantiesd PEMATAtegrity Fundamentals
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ocKing Laps (an coupiing) Lreate Nieasurement Frobiems

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

DC Drift R

50 2 (DC)

1MQ (DC)

1M (AC)

low freq DC changes DC blocks
Dighenfigsk PEWERTRtegrity Fundamentals
77
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50Q PATH

.

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

78pighahtiesk PEWNRTAtegrity Fundamentals

- Eliminates ability to see true DC voltage
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POWER RAIL PROBES

50 Q cable
(with blocking cap)

"9pighahtiesk PEWERTAtegrity Fundamentals

Specialized
power rail
probe

79
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LOTS OF PROBES FOR DIFFERENT APPLICATIONS

=

Power rail

»

f’ 5 \ /
4 ) = N
‘Vl @)
s N / \

i O ‘ -, =
PRI —~
® S @ )

—~
-~ LN /
( ) (
O C X
N~ ‘\ ® N ‘* N
R&S@RT-ZP10 R&S@RT-ZP1X “
10:1 500 MHz passive 1:1 38MHz passive
General
purpose

80pjghanfiesk PEWNRTAtegrity Fundamentals

" (application focus)

»

Specialty

80

[ PUWER RAIL PRUBE SFPEUS

R&S EXAMPLE

Key Specifications

1 Designed uniquely for Attenuation 1:1
measuring small BW 2 GHz (or 4GHz)
perturbations on power Browser BW 350 MHz
rails

. . Dynamic Range +850 mV
1 Active, single-ended probe Y g e
I Low noise with 1:1 Offset Range g
i Probe Noise
attenuation Scope standalone 107 UV AGs

1 Offset Compensation Scope + Probe (at 1 GHz, 1mvidiv) 120 pV AC,¢
capability Input Resistance 50 kQ @ DC

1 Built-in DC meter R&S ProbeMeter Integrated

Coupling DC or AC

82pighanfek PoWERTAtegrity Fundamentals

82

19



TYPICAL POWER RAIL PROBE SOLDER-IN TECHNIQUE

Active probe head, main cable and solder-in cables

Direct connect to SMA

83pighantiesd PoNATAtegrity Fundamentals
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Some Power Rail Probes have an Integrated Voltmeter
R&S probes call this a “ProbeMeter”

» Separate circuit with 18-bit ADC inside the probe
» Independent of scope ADC
» Measures DC value with 0.05% accuracy

- > 10X more accurate than scope channel for
DC measurement

» Eliminates need to attach a separate DVM in I ProbeMeter 1
parallel to accurately measure DC

Copy to offset

84pighantiesk PEWERTAtegrity Fundamentals
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INTEGRATED VOLT METER | 3.225 V rail
WITH CUTIPASTE DC OFFSET ;

Vertical
Setup < o]
RT-ZPR20

Active Probe s/e 4 T

Vertical

Horizontal

Bandwidth

Differentlal B4 Acquire
Bandwidth Offset

Probes Measure:
Probe unit AC Coupling

50Q Pigtail -

Auto attenuation
Math

Detect AutoZero Use AutoZero
< sttings

Save/Recall

ProbeMeter 4

+ +
€3 Math FFT

\ \\

\\ N e ¢
- ,h Power Rail Probe

i ” Copy to offset

85Digﬁ‘5ﬂhﬂ§s§‘. gSWé?rlﬁtegrity Fundamentals
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50Q Pigtail

86pighanfissd PENATAtegrity Fundamentals
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Advantages

POWER RAIL PROBE

» Low noise (typically 1:1 attenuation ratio)

» Built-in offset (typically at least +/- 12V)

» Excelling loading at DC (typically 50 KOhms)
- Power rail retains DC value

» Browser and solder-in connection

87pighanfiesk PEWNRTAtegrity Fundamentals

Disadvantages

» Initial investment expense
» Requires solder-in/SMA for full BW

87

Noisy

10 MQ DC loading
Limited BW
Limited scaling

Vpp: 20 mV

O

~

®

Standard
10:1
passive
probe

Low noise

1MQ DC loading
Limited BW
Limited offset

Vpp:

~

®

O

Low BW
1:1
passive
probe

88pjghantiesk PEWRTAtegrity Fundamentals

Low noise

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

Vpp: 7.5 mV

\
%

50 Q cable
(with blocking cap
or AC coupling)

MEASUREMENT TECHNIQUE RESULTS COMPARISON

Low noise

50 KQ loading

High BW

Built-in offset
Vpp: 7.4 mV

P
4 ;
Y

Specialized

power rail
probe

88
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AGENDA

QO Power Integrity overview

0 What probe for Power Integrity?

HOW MUCH BANDWIDTH FOR Pl MEASUREMENTS?

Power

A
Switching freq

—

Coupled signals

Wpighantiss PENMATAtegrity Fundamentals
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HOW MUCH BANDWIDTH DO YOU NEED?
USE THE FFT TO HELP YOU DETERMINE

How much is needed here? How much is needed here?

3 GHz

B T ey

< Switching freq |

o Math  FET

Mpighantiesd PENATAtegrity Fundamentals
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HOW MUCH BW DO YOU NEED?

START HIGH AND REDUCE. USE FFT TO HELP DETERMINE HOW MUCH.

2pighantissd PoNATAtegrity Fundamentals
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EXTRA CRDIT: WHAT’S CAUSING PERIODIC RAIL SPIKES?

Timebase at 4 ms / div
S e omo@mQ

Undo Help _ Save:

Diagram1:C4 X

C

500
RTZPRA0

9pighahtiesk PEWNRTAtegrity Fundamentals
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POWER RAIL PEAKING CORRESPONDS TO I°C PACKETS

50
RizZPR30

Ypighantiesk PEWRTAtegrity Fundamentals
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FFT ON POWER RAIL SHOW 10 MHZ AND HARMONIC TONES

N E QAN =N Y Y z Ptk
o

Undo aveset Image  Zoom  Cursor Mask Histog: Label  FFT

Diagram2: M1 X

ProbeMeter 3
i 4 bl
e G Math FFT Bus Gen

500 | FFTmag(ca)
RIZPRA0_| RBW: 500 kHz 27 dBim

95pjghahtiesk BEWNRTAtegrity Fundamentals
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NEAR FIELD PROBE
10 MHZ EMI..... COMING FROM 10 MHZ OSCILLATOR

= rizontal
—

1 (Mean) o(S-dev)  Eventcount Wave count

Meas Group 1
Frequency. 57.803 MHz
Meas Group 2

9Bpighantissd PENMRTAtegrity Fundamentals
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MEASUREMENT
LIMIT CHECK

» Set acceptable limit range e
EY

Stop s 10kpts

and margln |f deSlred 377V plagramts 1 X Measurement: Limit Check
> Def| ne uACtlonu trlgger OUt, B2 v Amplitude/Time measurement  Upper limit Lower limit

Peak to peak 5myv. 0V Within

stop, screenshot, run script, | w sy v wen
more...
» Measurement Histogram

and Measurement statistics
provide visibility to outliers.

P27V

400 s

.- Diagram2: Histograml X
v v 21304 mV 25858 mV.
RMS Histogram 32000V 3228V
625. 32983 v 347.22 0V,

R

2my/ o | 138my/
s23v s00 | mer
2GHz RTZPR20 | RMS (C1)

Trigger

Trigger mode Edge 3.2V

WAVEFORM
HISTOGRAMS R ——

H Meas Group 1 [
Waveform count 16567107
AND MASKS Do e
Max - Min 9.0119 mV
o (S-dev) 671.00 WV

£

» Direct measurement of
power rail deviation from
tolerance

Set scope trigger to “Free '
Run” ! f+3 Mask Results "MT1"

Acq. completed 16567107

Hardware acceleration o a
State Running

gathers massive amounts gt
of measurement data in sz acquistion s

Fail rate

seconds Testreaits

Minimal blind time ensures |~
capture of slow drift as well
as spurious impairment to

power rail B L0 el

Sinale ended

1.5mV, Aca/Fr
/ DC 328V Acq/s

323V 500 T

2 GHz RTZPR2O

32103V




WINDOW TRIGGER
& HISTORY

» Set Window-Exit trigger to ‘ e AR e
find rare disturbance to
power rail

» History mode to “play back”
each timestamped violation

» Use Gated-FFT to s L

Setup Trigger on

understand harmonics on .. L
power rail at specific times

| Peak:
26:19 dBm
488.28 kHz

e 3us s a0 [ 0
Conditioning
Diagram2: M1 X _

Action
32304289V

32197743V

o — ___ i
4my/ o 1048/

33V 500 | FFTmag(CT)
2GHz RTZPR20 | RBW: 40 MHz 25 dBm

Trigger
A: Edge
+Zone

FREQUENCY . —
ZONE TRIGGER | =

Famsy

Famy Copy to offset

» Use zone trigger to isolate ,,

f

i i . b
impairments to power rail [ Y
base on frequency Crentoes

History =

—3ziay- - Time 31.846s

» Correlate time and o il
frequency

R -4gus

» History mode to “play back” [ sugamamix _
0 : . | | Peak:"T Peak: 2
each timestamped violation 5752 1715 ot

Result Table: Meas 1
18. kHz/. dBm
DC 21. GHz}. dBm
500 | FFTmag(Ct)
RTZPR20 | RBW: 40 MHz




WHAT IS THE TYPICAL ROOT CAUSE FOR PI PROBLEMS?

Impedance

101 Rohde & Schwarz
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POWER DELIVERY NETWORK.(PDNL: IMPEDANCE

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

Mee & Ma ™ W]

| ] I B
| I Lot Ltz Lmndd Lt Spreading BGR Via
I l and R and
| lr-— Fr+— r+—2 rFrt+—
IG\, VR I I |.c1: | ch: | I.n3| | Lnu: o
: : :"'wl :"'uz| :'Lce;:°'lf"'ceu| ]
Ret Re2 Re3 ReN

[ I I [ |

[ [ [ | |
I I A= - | — | [— - — =t |
' _vmModel | N s

gﬂ
1
5

102 Rohde & Schwarz
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PDN IMPEDANCE:

Ohm

100m |

211 (log)

10m _J| . H :
b T T T T T T T T T

T T — T T T T T T — T T T
10M 100M ‘Ig

108K ™ Frequency (log) (HERTZ)

> VRM > Board Caps

<+——Package —

PCB Board

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

108jgRoNFEsH PEMURTAtegrity Fundamentals

> On-chip Decaps —>
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HOW TO MEASURE WITH A VNA?

[@PACKETMICRO

Power Integrity Testing

108 gRanessk BEWERTAtegrity Fundamentals

2-port Measurement: S21

Zpyr

Zpyr = 25 * 1-s,

104
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SUMMARY / Q&A

1. Use a scope with low noise

2. Adjust vertical scale to most sensitive setting (noise
reduction)

3. 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)

106 Rohde & Schwarz Digital Test: Power Integrity Fundamentals

106

107

Thank You!
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