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Agenda

— Needs for Power Integrity Measurements
— Utilizing Oscilloscope
 Infinilum S-Series with N7020A
— DC Power Analyzer
« N6705B
— Current Waveform Analyzer

« CX3300
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The Case For Power Integrity

Moore’s Law: transistors on an integrated circuit will double every two years.
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Goal: improve power
[consumption with each
generation
1-3%
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Power Integrity Measurements

Believe it or not, this is what a
typicall.8V DC supply looks like if you

The Need for Power Integrity zoom-in on the top of it.

Measurements

* Increased functionality, higher power density
and higher frequency operation drives need for
lower supply voltages
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» Power rail tolerances are much tighter (from
+/- 5% down to +/- 1%)

* Ripple, noise and transients riding on these
lower DC supplies can adversely affect clocks
and digital data—Power Supply Induced Jitter
(PSI1J)
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Power Integrity Measurements

Utilizing Oscilloscope

Oscilloscope
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Power Integrity Measurements
-undamental Challenge

Tolerance Band

Challenge: Measure small .I.
ac signal on top of large dc

signal
Issues to overcome: DC

Measurement System Noise
(Scope, Probe, Connection...)
\ J
|

1. Measurement system noise
2. Large signal offset

Probing “golden” rule:

3. Do no harm (probe loading)

Keysight
Measurement
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Power Integrity Measurements
Infinilum S-Series High-Definition Oscilloscope

— Low noise front end at small vertical
settings

— Full 10-bit ADC support with full BW
down to 16 mV full screen

— Analog and DSP-based bandwidth
limit filters

— Measurement capability including
FFTs, axis annotation, dynamic delta
markers

Keysight N7020A Power Rail Probe:
www.keysight.com/find/N7020A

Keysight
Measurement
Forum
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http://www.keysight.com/find/N7020A

Power Integrity Measurements
Both Ends of The Spectrum

Specialized General Purpose

N7020A Power Rail Probe 10:1 Passive Probe
Keysight
KEYSIGHT Measurement
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Power Integrity Measurements
First things first—Null Measurement (Sanity Check)

— Null measurement: Baseline noise of the oscilloscope measurement
system to verify that the tools being used are appropriate for the
task at hand.

« Set-up you scope and probe as they will be used—V/div,
connection accessories...

» Short the input and measure the baseline noise.

Keysight
Measurement
Forum

KEYSIGHT

TECHNOLOGIES

Page 9

Copyright © 2016 Keysight Technologies, All Rights Reserved



Power Integrity Measurements
Null Measurement Compare—Ends of The Spectrum
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23.3mvp_'O Noise

-25.0 ps -20.0 ps -15.0 ps -10.0 ps

'@ [5.00 us/ |[0.0s @ T 0
%) Results
Measurement ] Current Mean Min I Max | Range (Max-Min) l Std Dev

S Vp-p(2) 23.290 mV 23.290 mV 23.290 mV 23.290 mV 00V 00V
© Vp-p(l) 1078 mV 1078 mV 1078 mV 1078 mV 00V 00V
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Power Integrity Measurements
Both Ends of The Spectrum

Specialized | () | Gecneral Purpose
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N7020A Power Rail Probe Passive Probe

Termination: 50Q Termination; 1IMQ

Attenuation: 1:1 Attenuation: 10:1

Bandwidth: 2GHz Bandwidth: 500MHz

Probe offset: Yes(+/-24V) Probe offset: No

Good for quantitative measurements Good for qualitative measurements

KEYSIGHT
TECHNOLOGIES Page 11

Copyright © 2016 Keysight Technologies, All Rights Reserved



Power Integrity Measurements
Both Ends of The Spectrum

Specialized | {EI————— | Gcneral Purpose

| '3
I %
-4 %
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N7020A Power Rail Probe Passive Probe
Termination: 500 Termination: 1IMQ
Good for guantitative measurements Good for gualitative measurements
Keysight
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Power Integrity Measurements
Scope Input Termination—Lowest Noise Path
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Offline °i0~0 v |
\olloomv MISmV 1@[“! mv [[tomv loﬂ[

SOQ:QGmVQpNoBe

SEO |E21LISA | SBSW Wil

1MQ: 2.4mV,. . Noise

P-p

25.0 -15.0 ps -10.0 s
\Q\s.oom/[\ooS ® ©
% Results S ——— i ————
Measurement [ Mn [ Max [ Range(Max-Min)

® Vppl2) 2.3808 mV 23808 mV 2.3808 mV 23808 mV
© Vp-p(l) 643.3 vV 6433 pV 6433 pV 6433 pV
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Power Integrity Measurements
Both Ends of The Spectrum

Specialized | {EI————— | Gcneral Purpose
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N7020A Power Rail Probe Passive Probe
Attenuation: 1:1 Attenuation: 10:1
Good for guantitative measurements Good for gualitative measurements
Keysight
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Power Integrity Measurements
Attenuation Ratio Effects Noise—Ex. 50mVpp Sine Wave

seap awil

SEa |EDIaA

® Vp-p(2)
© Vp-p(1)
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65475 mV
51.986 mV

KEYSIGHT

TECHNOLOGIES

LTQ [71\{/_”'3785, mL\ @\190 mv/jo.0v |

-3.85 mV

-43.8 mV

assive Probe

40.0 mV
0.0V

-40.0 mV

-2.51 ps f2

65475 mV 65475 mV 65475 mV
51.986 mV 51.986 mV 51.986 mV
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Power Integrity Measurements
Both Ends of The Spectrum

Specialized — General Purpose
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N7020A Power Rail Probe Passive Probe
Bandwidth: 2GHz Bandwidth: 500MHz
Good for guantitative measurements Good for gualitative measurements
Keysight
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Power Integrity Measurements
Tradeoff with BW limiting—Use What is Needed

i File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

led) B 300115
©@=<[100mv/145v @7

' ‘ BW: 2.5 GHz

Captures high-freq transients

Switching

currents cause
transients that
can easily exceed |
1GHz.

Supply noise is a
leading cause of

clock/data jitter.
-100ps  -B00ps -6.00 ps
. |° (2.00 ps/ |[0.0s
= : — ~ Impedance —
Os00
® 1m0
BW: 20 MHz | —
20 MHz
KEYSIGHT
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Power Integrity Measurements
Gnd Connection Length Effects Noise: Ex. Passive Probe
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200 ps 210 ps 220 us

51.5 mV,, (15% Larger)

130 us

@ (1.00 ps/ |[18.0348957 ps| @ T 1|
3 | Results

Measurement I Current ] Mean [ Min Max Range (Max-Min) [ Std Dev
@ Vp-p(2) 51.523 mV 51.523 mV 51.523 mV 51.523 mV 00V 00V
© Vp-p(l) 44759 mV 44759 mV 44,759 mV 44759 mV 00V 0oV
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Power Integrity Measurements
Both Ends of The Spectrum

Specialized — General Purpose
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N7020A Power Rail Probe Passive Probe
Probe offset; Yes(+/-24V) Probe offset: No
Good for guantitative measurements Good for gualitative measurements
Keysight
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Power Integrity Measurements
Large DC Signal Offset

€ LOGIES

At larger V/div
B ° Sensitivity is decreased
; 131mV,, *

Scope noise relative to small ac

signal is increased.
(58% Larger)

otats
With Full Offset: 83mV,,_,

eeeee Current. Mean
1310 mV 1310 mV

Remove DC Signal Offset \/ f\/\/\/\/\f\/\f\/\/\//\/ "
* Probe Offset ‘ i |
« DC Block i |

()
o 100 ps/ 0.0s

Count

Keysight
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Power Integrity Measurements
Removing Large DC Signal—Probe Offset or DC Block

KEYSIGHT
TECHNOLOGIES

| @)2.99750)\|

Using Probe Offset

DC Block
Keysight
KEYSIG HT Measurement
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Power Integrity Measurements

Summary
* General Purpose

Pe
Z > g
%

Specialized

. Begin with a Null measurement.
. Choose the low noise path.

. Reduce attenuation ratio.

. BW—use what is needed.

. Minimize ground loop area.

. Use probe offset.

. Minimize loading.

Bonus Tip: Use a specialized tool

Good for guantitative measurements Good for qualitative measurements
KEYSIGHT r
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N7020A Specifications

Probe Bandwidth 2 GHz / 350MHz
Attenuation ratio I:1
Risetime(10% to 90%) 175ps / Ins
Offset range +-24V
Input impedance (@ DC 50kQ
Probe type Single-ended

KEYSIGHT

TECHNOLOGIES
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Power Integrity Measurements
DC Power Analyzer

DC PowerAnaIyzer

Battery /

Internal \/ ¥
— | t

MCU

Digital

\\w

Actual r/
Dlspla

_\

Sensor

Keysight
KEYSIG HT Measurement
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N6705B DC Power Analyzer
Award Winning Solution

The N6705 boosts the productivity of the R&D Engineer

Multiple instrument functionality in a single box
*1 to 4 advanced power supplies
*Digital voltmeter and ammeter
Arbitrary waveform generator
*Oscilloscope
-Datalogger

All functions and measurements available from the front panel
*Utilizes the same modules in the N6700 family
*600W total output power

Gain insights into a DUT’s power consumption — in minutes,

not hours — without writing a single line of code!

oot é% 2007 .
EDN . ( 2007 A deSIQI:va

EETIMES Seocr] GOLDEN C
TEST & MEASUREMENT WORLD nn L tIO \ ::37;?2/ MOUSETRAP S
4 2007 WINNER - Winner - [T
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N6705B Front Panel Measure Screen

Meter View

1 12.0020V |
238.9mA
12.0000]v

Set
2.0000 |A

97.0mA
o .y [5:0000 v
“*[1.0000 A

6.030V
0.497A

Set 10.000 ¥

0.4683A

| 8.000 |V

et

3.0000 A

KEYSIGHT
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All Free from
Programming

Data Loqg View

11 1o 200 e/ L IE Jv’ ]

Scope View
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P 00000000 1
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| e |

/AN A
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rOutput 1 - Advanced Source Settings a9k
“oltage Slew

1 4 i 3300 Wis

Output Bandwidth Control =z

Output Valtage B and

fidth | Law for (0-150 uF)
Output Turn Off Mode
® Low Impedance

APPLICATION: Optimize the output o
voltage response due to different EEECSEE]

| B 3300 Wis

capacitive loading conditions

Sense | 4'wire
Output Yoltage Band

. . Output Turn Off Mode

This example was using the Pulse Load © it

Demo Board that has 10 uF of DUT

capacitance i o
rOutput 1 - Advanced Source Settings 9

Woltage Slew
For stable operation the maximum [IEEY | w0 v
capacitance loading is 150 uF g

Output Turn Off Mode
® Low Impedance

Close
S
"
Output 1 - Advanced Source Settings 9
Woltage Slew

| [ET 3300 Wis

Senze | 4'Wire
Output Yoltage Ba
Dutput Turn OFf Mod®
® Low Impedance

Close

KEYSIGHT ]
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Emulation Modes

APPLICATION: To simplify using the new

. rlZIlut|1ut1 - Source Settings lll |
SMU modules select one of the emulating —
modes, keeps operation in quadrant and Emulating 2 Quackerd Pover Supely_*F

behavior that is best fit for the application Operalifgfessss =
“Yoltage < Eatter_l,l Ernulatar it
Most commonly used are: " Load s N
>2_(?ua'drant Fesistance S;tl;ﬂzd '*. -
>Bat'[el‘y Emulator Enalge] EurrentMeasure 1At
»CC Load | |
>Current Measure 1 Delay... || Ratingz.. || Protection... || Advanced... Cloze ]
V V V V
E— I I I
Standard ~ Battery Emulator Battery Charger CC or CV Load
DC Supply with programmable Rout

(Electronic Load)
Keysight
KEYSIGHT

Measurement
TECHNOLOGIES Forum
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Think: Vertical Mega-Zoom
( Seamless Range Changes \

Seamless Current Measurement

Measurement
Range
Accurac

3A =£(0.03% + 250 pA)

100 mA =(0.025% + 10 pA)

+(0.025% + 100

1 mA nA)

A

O = Seamless range change

10 uA  =(0.025% + 8 nA) FIXED RANGE

See the complete current waveform you’ve never seen before

KEYSIGHT

TECHNOLOGIES

In one pass and one picture

— from nAto A —

Keysight
Measurement
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N6705B Mainframe Specifications

Max Slot No. for modules 4
Max power of total modules 600W
AWG function BW 100kHz / 500W
Scope function BW 200kHz, ADC 18bits

Basic : N6730/40/70
High-performance : N6750
Precision : N6760
SMU : N6780

Module type

KEYSIGHT

TECHNOLOGIES
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Power Integrity Measurements

Current Waveform Analyzer

Oscllloscope

e n@;j_

Lt

KEYSIGHT

TECHNOLOGIES

Battery

Digital

DC PowerAnalyzer . _jl
T (;;__?II Chip current

=B

U4
Internafl \/
sourgé

\\ﬂﬂﬂm

Actua r/
Dlspla

_\

Sensor
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Challenges to measure low-level current waveforms?
Measure the low current waveform are always noisy and slow

Current @ Current
] /,—|_|—|7 mA or 10s of mA |

—> Time

Expected waveforms Always like this !

As a result, it is quite difficult to analyze the current profile in detalil.

Keysight
Measurement
Forum

KEYSIGHT
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No Perfect Solutions to Capture Complete
Low-level Current Waveform

Less bandwidth for

Insufficient A Short Pulse < 100 ns transient current?

Dynamic range?

Voltage < P
Pulse

Noisy & Less
bandwidth

Curre
Transient

Large current noise Current spikes
>
floor: undetectable?
Keysight
KEYSIGHT Measurement
TECHNOLOGIES Forum Page 34




Keysight is now developing a new analyzer enabling
clear and precise current waveform measurements

14/16-bit
The new analyzer e 200 MHz

_ Wide dynamic Wid

iae
provides enough | e |
capabilities to clearly and \

easily visualize the low- [ Less noise ]
1! :lw p‘d__ﬁ

Current

level current waveforms

as you expected ! [ High speed T :
sampling

1 GSa/s

Keysight
Measurement
Forum
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New analyzer let you see the current waveform that
you've never seen before!!

Capture transient
current with high
speed sampling

Capture sleep-wake-
sleep waveform for
power consumption
optimization

ALY souAdiy
/ 4 A"AY

Periodic low-level

Capture narrow
S spike current with
sufficient bandwidth

) current (UA) can
| 10us/div be captured
clearly !
Keysight
KEYSIGHT Measurement
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New Analyzer for Current Waveform Measurement

Fast sampling with a

- ~—| wide dynamic range

MW kevsionr ¢
X3324A oy
A Device Current Waveform Analyzer
el 200MHz 1GSafs 14116-biy ! ’:v:.‘
“ (i
: ‘
.. — re (]:l)b ; /M.,
= =) \‘L |

a

i

Clear current
waveforms displayed
and intuitive user
Interface

IWaa 1A LA ! |
AR | ,
\' """W1J~‘*’V~‘ f"‘,"‘q,“l‘vmv“#\m’w“w ‘,J"ln.u j L &
' R L L1 TR

, ‘ , W &

Dedicated wide band
Current Sensor with
low noise floor

Measurement

Keysight
Forum
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Current Sensors

High-frequency noise suppressed low-burden current sensing

Basic Current Sensor

Current Sensor, Dual Channel

v/ 100 MHz max bandwidth
v40nAto 1 A
e T v'+/- 12V Common mode voltage
' v'Provide 100dB Dynamic Range by 2 channels
- @ @ ' Changeable Sensor head along with DUT type
oo
Sensor Head required
Wider Dynamic Range(100dB)

TECHNOLOGIES

Current Sensor, Single Channel

v'100 MHz max bandwidth

v'40 nA to 10 A

v'+/- 40 V Common mode voltage

4 Changeable Sensor head along with DUT type

&

Current Sensor, Low Side
v'200 MHz max bandwidth

v'150 pA to 20 mA

v'+/-0.5 V Common mode voltage
v Input : SMA Connector

Low Noise Floot(sub nA)
&
Wider Bandwidth(200MHz)

‘ Keysight

Measurement
Forum
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How to measure current

Coaxa Power supply
Current Sensor, Single Channel smf e ’

4 N

© =} >

- /

YT T T
|
Measured signal path ' Sensor |1
A |
. head ,
Single channel current sensor I
. Hot swap
Tbmmnﬂmnedmmwl]

v Max. of 100 MHz bandwidth

v Min. of 40 nA measurable current

v Max. of 10 A current measurement

v +/- 40 V common mode voltage range

N

KEYSIGHT

TECHNOLOGIES

Sensor
head

Coaxial

Sensor
head

Sensor
head

Pin header
head
Twisted pair
[
[
[
: Keysight
Measurement
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How to measure current

Coaxa Power supply
Current Sensor, Dual Channel st Al

//' ‘\\ Sensor
|

Coaxial

head

1
\\’ ’// Sensor

A head

1
I
Dual measured signal path Sensor :
|
I

Sensor

Dual channel current sensor
————— head

Pin header

To main frame channel ]

=5\

v/ 100 dB equivalent dynamic range Sensor
v/ Max. of 100 MHz bandwidth head
v Min. of 40 nA measurable current

=

Twisted pair

v' Max. of 1 A current measurement
v +/- 12 V common mode voltage range

KEYSIGHT

TECHNOLOGIES
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Measurement
Forum

Page 40



Dual channel current sensor
Almost 100 dB dynamic range is available

Sensor head

Single channel current sensor J

Current sensor
A
Sensor head

Dual channel current sensor J

A I I
A,

The range of CH1 is x100
larger than that of CH2.

— Enabling a wide range of
current measurement from
min of CH2 to max of CH2.

Two channels are
required.

Keysight
Measurement
Forum

KEYSIGHT
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How to cover such a wide dynamic range?
The dual channel current sensor covers more than required

1A

1 mA Almost 100 dB

equivglent
dynamic range

| | The dual channel current
sensor extends the
' | equivalent dynamic range.

Keysight
Measurement
Forum
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How to measure current
Current Sensor, Low Side

Coaxial cabling for
wide bandwidth

Measured signal path

Current sensor

To main frame channel ]

@ = 1T>+

KEYSIGHT

TECHNOLOGIES

Or—

Current flow in coaxial cable

v Max. of 200 MHz bandwidth

v Min. of 150 pA measurable current

v Max. of 20 mA current measurement
v’ Offset current adjustment

v +/- 0.5 V common mode voltage range

Keysight
Measurement
Forum
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CX3300 series Specifications

Current measurement range IS0 pAto IO A
Power measurement range 10 pW to 400 W
Maximum measurement bandwidth 200 MHz
Maximum sampling rate I GSa/s

[4-bit (Normal Mode)
[6-bit (High-Res. mode)

Measurement dynamic range

Maximum memory size 256 Mpts/ch

Number of channels 2or4

KEYSIGHT

TECHNOLOGIES
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Current waveform Measurement Example

In the active period of BLE(Bluetooth Low Energy> module o |
E @ZOOMPSPS, 20Mpts

Bandwidth IOMHz

Measured by Current Sensor, Single Channel

Current proﬁle

200 mA range
2 mA/div

100 pA
500 us/div —>

210 mA
-355ms -350ms 245ms -340ms

Alternatmg current can be seen dearly

MM .
WWWWWWWWMW\WW WMMWMMW | 200 A range

/oomed waveform

I mA/div

20 us/div —>
100 pA
-37.70 ms -3768ms -3766 ms -3764 ms

KEYSIGHT

TECHNOLOGIES
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"Anywhere” Zoom example
MCU with LED

2 ms/div, 89 MHz bandwidth, 50 MSa/s

Zoomed
waveform

Keysight

KEYSIGHT Measurement

TECHNOLOGIES Forum Page 46



Current Profile measurement Example
Bluetooth Low Energy Chip roooreeo oo i

" (@200MPSPS, 20Mpts
Measured by Current Sensor, Dual Channel " Bandwidch TOMHz

200 mA range

With Decoupling Capacitor (47 ulF) 2 mA/ div

2 mA range
I mA/div

N (_|c21 waveform allows detailed
analysis of power consumption

state by state

200 mA range
N 2 mA/div

Without Decoupling Capacitor

B 2 mA range
8 1 mA/div

{Peak current is detected

™ -6.00mA
I ms/div —>
-8.00 mA
8ms 68.8ms 69.8 ms 70.8 m

KEYSIGHT
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This analyzer solves the issues

Sleep mode current is now visible.

1. Transient current in Sleep mode is :> ‘/
not visible due to large noise floor.

2. Multiple instruments are required

. One-time measurement covers
to eStlmat_e the total current :> \/ from sleep to active current.
consumptlons.

3. Measuring state transition current . .
] The wide dynamic range
such as Sleep to Wake-up is very :> \/ visualizes the transition.
difficult due to less dynamic range.

4. Capturing NArrow and .sharp peak / \/ The wideband measurement
spike current is very difficult due to :> captures high speed phenomena.
less bandwidth.

5. Extra time is required to support \/ It can be the Golden Instrument
your customers on the current and :> for current measurement.

power consumption issues.

Keysight
Measurement
Forum
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Your benefits from this analyzer

You can minimize extra current consumption

by monitoring actual transition current
waveforms.

You can optimize and debug current profile

by monitoring detailed waveforms in active
period.

// \

Ji*w uuwt u L

Current

You can reduce sleep current consumption by

You don’t miss undesirable spike current
monitoring actual waveforms.

or tell how much current it reaches.

KEYSIGHT

TECHNOLOGIES
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