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Power Integrity (PI)

What are we talking about

Power Integrity: The study of the conversion, delivery and consumption of DC power in an
electronic system. Kenny Johnson, Keysight

Product Functional Reliability a Quality of the system power

ADS 3D model of power
distribution network (PDN) for
simulating power integrity
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Power DeIivery
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— Summary: power supply source 2} loadA} o] €] inductance+ supply voltage 2] fluctuations TH=Tt}.
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Power Integrity

DC7 &: Switching loads [ = 0if DCE X[ BF OFL|C}

Clock/Data Switching loads can
cause high frequency

supply noise with
content easily
exceeding 1GHz

Power rails must be
_ stable from DC to the
Power Rail BW of the switching

N
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Power/Ground Plane Noise
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Target Impedance
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Power Integrity
of ME SRX =727

— Moore’s Law: transistors on an integrated circuit will double every two years.

Present

Past

Present Present Past

Present
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Power Integrity

— Operating voltages are decreasing to reduce power—this requires tighter rail tolerances.

L T $\A
Ex. 5V < Tolerances j,r BV £50mV
IR 2 1-5% & Power
+500mV Savings
(10%)
1-3% v
4 Ex.1v
+10mV
Past Present
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Power Integrity
WhY? Power Supply induced jitter (PSIJ)

— Power supply noise causes clock/data jitter

Switching Threshold Variation /

v
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| Power Supply Tolerances iE
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/ Jitter Jitter
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Power Integrity

Pdn(power distribution network) theory and modeling

PDN Load Current
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Power Integrity

PON &I HAO| o

capacitor
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size Capacitor

PDN impedance
measurement
at IC position.
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Power Integrity

PON &I HAO| o

Large .
DC-DC  decoupling \jigdie and Small ~ igm PDN impedance
converter  capacitor

‘ M measurement

size capacitor — r s
—  at IC position.
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Power Integrity
PDNS & C|XHOI 51 M.,

— A well designed PDN will maintain a stable voltage (within tolerance) from DC to the
bandwidth of the switching current (typically above 1GHz).

— This will help:

» Optimize power consumption
« Minimize switching noise (SSN—simultaneous switching noise)

» Reduce PSIJ (dropped bits, missed clock ...)

* Minimize EMI problems

— Therefore, one the primary validation tasks is measuring power rail quality.
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Power Integrity (PI)

Significance of dc power

' e the flow and
malfunctions

BatGNDEN
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Power Integrity

Job of Pl engineer
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Power Integrity (PI)

LA EHAZ Qo A S&E

File Control Setup Display Trigger Measure Math Analyze Utllities Demos He

Power Sequence Specification
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Power Integrity (PI)

Power Management IC (PMIC)

_ Remote Sensing
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Power Integrity

Pmic is the traffic officer
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Power Integrity (PI)
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Power Integrity
Power-good using EXR dvm
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Power Integrity (PI)
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PMIC Testing

Power Seq.—ex. 8 rails, Persistence & Digital

Digital Channels

« No analog information

« No statistics (run/run
variations)

Issues

« Uncertainty
« Time consuming

-24.2 ms 14 2ms -4. 22 ms 578 ms b 258 ms 358 ms 458 ms
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PMIC Testing

Power Seq.—ex. 8 rails, Persistence & Digital

Infinite Persistence

* No ‘count’ of
occurrences

« Manually place makers
to determine pass/fail

Issues

* Uncertainty

* Time consuming

* Not repeatable/human
error

-342 ms -242 ms -142 ms -422 ms 5.78 ms 158 ms 258 ms 358 ms 458 ms

moE2T = 2

el e IPN




PMIC Testing

Power Seq.—ex. 8 rails, Persistence & Digital

Mask Test

« Failures clearly
identified

* Number of pass/fail
measured

« Mask represents
specification
tolerances

Issues
* Only one mask
available

|
AN

-24.2 ms -142 ms 422 ms 5.78 ms 158 ms 258 ms 358 ms 458 ms
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PMIC Testing

/2020

@ 5800 mv

‘ y

Mask 2 | Mask 3 | Mask 4 | Mask 5 H Mask 6 | Mask 7 | Mask 8 } -.Run untf —mM8 —————

SEa S|

‘ Waveforms
Enable \

10000
r Mask Selection ———————  Mask Test Options

Ses| |ROIIRA

. Stop on Failure
No Mask Loaded

Mask for every channel
. = _ " Mo v Pe_n‘orm Multipurpose on ; 150
« Saves time ’ . ‘ @ e E
- - T | || Momeoman v ||
» Eliminates uncertainty
« Complete test report in

one screen shot

Mask Margins...

18.0 ms

Automask
« Saves time
« Simple and easy mask

S e t u p @ ATime(1-8) 402698765 ms  4.02650868 ms Mask Test Automask Automask Automask Automask Automask Automask Automask

@ ATime(1-7) 8.03556165ms  8.03508680 ms Source Channel 1 Channel 2 Channel 3 Channel 4 Channel 5 Channel 6 Channel 7
© ATime(1-6) 602764952 ms  6.02777199ms || | Total Waveforms 11 1 1 1 1 11

@ ATime(1-5) 403077186 ms  4.03048850ms |} Failed Waveforms 3

© ATime(1-4) 403178855 ms  4.03225601 ms Poly 1 0 0

@ ATime(1-3) 2.03527264 ms  2.03560764 ms Y 17.2816 M

@ ATime(1-2) 5201433 ps 52297371 ps
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PMIC Testing

Power sequence testing—mask on every ch.

Scope] File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help
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\o p |500 mv/ Hzo mv \0)} a

1.34V
1.14 v

3:58 PM
7/10/2020

940 mV
740 mv

seap |2a1IBA | SeOW S

i 540 mv
340 mv
140 mv

-60 mV
-260 mV

871 ms 1 -1 A 871 ms
2.90 v
2.40V

1.90Vv
140V

E 900 mv

400 mV

-100 mV
-600 mV
-1.10V

871 ms 5 -1.29ms
2.02V
1.52V

1.02 Vv

520 mV

f 20mv
-480 mV
-980 mv
-1.48 V
-1.98 v
-1.29 ms 371 ms

@100 ms/ [3.7142858007 ms | @ @®>n |
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PMIC Testing

Power sequence testing—mask on every ch.

™

i

-4.19 ms 581 ms
Automask

Mask Tolerance

@ Voits/Time

Vertical

Horizontal
0.10 div

581 ms

@ 2.00 ms/ [5.8005240855ms | @

Mask Test

|| Result mMask1 | |

| Mask Test Automask

KEYSIGHT
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1.34V
1.14V

940 mv

Mask 1 | Mask 2 | Mask 3 | Mask 4 | Mask 5 | Ma Mask 7 ‘ Mask 8 Run Until

| Create Mask |

Clear Mask

Pr———
Save to File... |

158 ms 414 |

=

Enable

Mask Selection

Automask

Load Mask... |

T S—
Automask... | | Draw Mask...

—
Save Mask... Clear

Scaling
. Automs
Vertical

B Bind 1 & 0 Levels
1 Level
940.0 mv

ic O Manual

0 Level
[140.0 mv

Mask Source: |Channel 1| ¥

Mask Test Options

. Ir rt M
. Draw Bounding Region

Mask Mar

Horizontal

To (AX)
1.8095240855 ms
AX
18.0000000000 ms

Result
Source

iForeve
B Stop on Failu

. Perform Multipurpose on
Failure

Set up Multipurpose

Real-Time Eye Unfolding ———

Individual bit errors may be
observed by unfolding a Real-
Time Eye.




PMIC Testing

Power sequence testing—mask on every ch.

Scope File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help 7};g;’2’3’;°
JECHNOLOGIES

H Bandmdth‘ ‘ Stop'd oJ_.461.5 mv ﬁ‘;

omv/ |sa0mv | @ | ‘ : ‘ | ‘ ‘ : T

Draw Mask Test L34/
- 1.14

) o 9 40 1 [are oy, | | Run Until
Mask 1 | Mask 2 | Mask 3 | Mask 4 | Mask 5 | Mask 6 | Mask 7 | Mask 8
. \ | | \

| : ——
o © 40 m Enable Mask Source: |Channel ﬂm ‘Fmever— Y]

740
(5} ‘ 40 Mask Selection ————  Mask Test Options

seap |e:)gua/\‘ seap awi|

B Stop on Failure

. Perform Multipurpose on
6 | 160 m No Mask Loaded Failure

60 m e . I — S
o\@/e\e L Load Mask... | St Set up Multipurpose. |

Manual Placement

A A— —
Delete Delete All OK Mask Margins...

Polygon 2 : Coordinates
Real-Time Eye Unfolding

1 \*3.564 ms izossmvi Scaling
Individual bit errors may be

2 ‘»2.849 ms |[1.270 V ® Automatic © Manual observed by unfolding a Real-

|
3| 3 -Vertical ————  Horizontal Time Eye.
3)[1.060ms [1.263V ‘

K Bind 1 & O Levels
48987 ps  |948.5 mv ] e
7 = 1 Level

59517 ps  [534.1 mv oo ROV | | [1:8095238955 ms
= ___________ 940.0 mV ‘
AX

0 Level
8.0000003800 ms

[140.0 mv

581 ms X

2.00 ms/ |5.8095240855 ms

Results

Mask Test

|
o Rew [ wea | Rew [ wea [ ]

‘ Mask Test No Mask Loaded Source nnel 1
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PMIC Testing

Power sequence testing—mask on every ch.

KEYSIGHT

3:08 PM
7/10/2020 TECHNOLS

1500 mv/ |[900 r

Mask Test

Mask 1 h Mask 2 | Mask 3 | Mask 4 | Mask 5 | Mask 6 | Mask 7 | Mask 8 - Run Until

Sea|y [ROIHBA | Sed awi]

Forever
Enable Mask Source:
Forever

— ~ Mask Selection Mask Test Options ———— Waveforms

-419 ms Automask Time 581 ms

A—
Load Mask... Set up Multipurpose...

_— . Draw Bounding Region
tomask... Draw Mask...
e ————— Mask Margins...

Save Mask... Clear

Scaling

581 ms .

— Vertical

c © Manual

Horizontal ————

Real-Time Eye Unfolding

Individual bit errors may be
observed by unfolding a Real-
Time Eye.

158 ms

B Bind 1 & 0 Levels
1 Level
1.0200 V

To (AX)
1.8095240855 ms
AX

0 Level 2
8.0000000000 ms

-980.0 mv
|@ .00 ms/ [5.8095240855 ms |

Mask Test

L Result Mask 1 Mask 2 Mask 3 Mask 4 Mask 5

Mask 6
Automask

Mask 7
Automask

Mask 8

Mask Test Source Automask Automask Automask Automask Automask
A hannal1  Channald  Channal2  Channal 4

E=XMa2M ME27108

T 2l

(F)HI0|A

Channal L C
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PMIC Testing

Power sequence testing—mask on every ch.

Customize Multipurpose

Do Multipurpose |

3 Multipurpose Action
_; QuickScreen
L% | QuickMeas
q QuickPrint
I QuickScreen
i QuickSetup
H QuickWaveform
1 QuickSave
‘] QuickEmail
J QuickExecute
QuickControl
QuickComposite
QuickReport
QuickSweep
Open Dialog
Force Trigger

Scaling
. Aut

Vertical

B Bind 1 & 0 Levels

1 Level
1.0200 V

9 581 ms

Q 2.00 ms/ [5.8095240855 ms

Mask Test

[ Resut [ Maski [ Mask2
Mask Test Source Automask
|
L courea hannal1  Channol 2
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H;an:iv;ld;| Stop oJ- 61.5 mV

3:09 PM
7/10/2020

3 IMLM Mask 5 | Mask 6 ‘ Mask 7 | Mask 8 | - Run Until

Y

Mask Source:

Mask Test Options

. In

‘ B Draw Bounding Region
aw Mask... |
Mask Margins.

Clear

O Manual

~ Horizontal

To (AX)

1.8095240855 ms <>
&
18.0000000000 ms

Mask 4

Mask 3 Aask
Automask

Automask Automask

Channnl £

Channnol2 _ Channol A

\ Waveforms
000

. Stop on Failure
581 ms 15.8 ms

. Perform Multipurpose on
v e
Failure

Set up Multipurpose...

Real-Time Eye Unfolding

Individual bit errors may be
observed by unfolding a Real-
Time Eye.

f \

Mask 8

Automask Automask Automask
Channal& —_ ChannolZ —_ Channale



PMIC Testing

Power sequence testing—Atime measuremen

KEYSIGHT X

JECHNOLOGIES

Bandwidth | [‘Stop'd | @) _J"1461.5 mv ) (ad

314 PM
- 7/10/2020
o Measuremen resholds

General | Rise/Fall | Protocols without Clock Recovery

General Purpose Thresholds apply to everything except protocols that don't use
clock recovery (such as I2C and SPI) and rise/fall time measurements

Thresholds Apply To
© All waveforms

@ Individual Waveforms

Thresholds
10%,50%,90% of top, base
10%,50%,90% of top, base
20%,50%,80% of top, base
Custom: % of top, base
# Custom: thresholds (low, mid, up)

Custom: threshold +/- hysteresis
W MM, Miax

O Custom

581 ms 158 ms

Top Level
5.00000 Vv

158 ms

Base Level
0.0V

4.19ms 581 ms 581 ms

@ 2.00 ms/ 58095240855 ms

Measurements B - 7 || Mask Test -
Measurement | Current | i l Range (Max-1 A Result Mask 1 Mask 2 Mask 3 Mask 4
© ATime(1-8) Upper? ? Upper? Mask Test Source Automask Automask Automask

© ATime(1-7) Upper? ? Upper? Source Channel 1 Channel 2 Channel 3 Channel 4
© ATime(1-6) Upper? ? Upper?

O ATime(1-5) Upper? ? Upper?
<
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KEYSIGHT | =
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M Stop’ o_r461.5mV Sa

3:45 PM
7/10/2020

540 mV 500 mV/ 900 mV

® 2200 mv/
5

©)» o

1.34V

§ 540 mv

Sea|y |e9IHBA | SeaW Dl

-260 mV

371 ms 8.71ms 1

-1.29 ms

-1.29ms 371 ms 871 ms

@ 100 ms/ [3.7142858907 ms

Results

Mask Test

Result Mask 1

Mask Test Source Automask

Measurements
Measurement | Current I Min I Max
@ ATime(1-2) -2.074753 -3.68282t -1.930928

I Std Dev. | Count |
460.0022 r

Mask 2 Mask 3

Automask  Automask

Mask 4 Mask 5

Automask

Mask 6
Source Automask

Mask 7 Mask 8

Automask

1 —

© ATime(1-3)
© ATime(1-4)
© ATime(1-5)
© ATime(1-6)
© ATime(1-7)

4.019426¢
4.028196(
6.015895(
6.008173(
6.032367¢

4.018581
4.026694
4.018144
5.98989(
6.03162¢

4.020585!
4.029486!
6.016253!
6.024263!
6.034406!

605.4889 r
961.4351r
602.20398
10.234649
826.2010r

1
1
1
1
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Source Channel 1 Channel 2
Total Waveforms 1 11

Failed Waveforms

Poly 1

Poly 2

Channel 3 Channel 4
11 11

3

0

13.1469 M

Channel 5
1

1

1.98719 M
0

Channel 6  Channel 7
11 1

1

0

274.762 k

Channel 8
11




PMIC Testing

Protocol decode and analysis—spmi example

Battery
Voltage

4 Power
Monitor

Manager

Buck 2

ster Read

SEeB| [BO1BA | SeOW S|

Temperature
Sensor

quencer

Dynamic
Voltage
Scaling

Battery
Charger

Camera
Flash/Torch

LDO 1 |

140 ps

12C/PMBus. ..
Interface

Smart Power

LDO2 |

0 p ’ s
© 1o0us/ |-19.0412211 ps

Time
-64.759221 ps|

MIPI SPMI Frame
Master Read No Response

Address

Data

Details
Packet Length = 16
- MIPI SPMI V2.00

&
Backlight Select 2 [-61.801221 ps|Master Read No Response T Enysical
elector = = ™ SA = 6 Hex
Dri 3 -58.839221 ps Bus O ip No Resp
e LDO N 4 -56.601221 ps| fer Bus hip No R Command = Sleep

5 (54.361221 ps|Tr fer BUS O == No = Command Parity = 1 (GOOD)
6  |-52.121221 ps|Device Descriptor Block Slave Read No Response |0 (NS Binany

. 7 -43.401221 ps|Device D Block Master Read No

Audio CODEC 8 -34.681221 ps|Extended Register Write 5

9 -31.641221 ps|Extended Register Write 4
10 -27.881221 ps|Extended Register Read 5 03 07 SA Command
11 -24.921221 ps|Extended Register Read 4 03 07 0A
12 -21.241221 ps|Reset 5 0x6 0x11
13 -19.641221 ps|Sleep 6 <
14 -18.041221 ps|Shutdown 7 Payload L1 Header O
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Power Integrity (PI)
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Power Integrity

Power rail quality

File Control Setup Display Trigger Measure Math Analyze Utiiities Demos Help

"5(' ’“"“""l » -- @ 331950V

®* Keysight Power Rail Probe, ..
21.6mV,, f'::
!" WW“WM o i i

495 m

DC/DC
Converter

SCOW IDDA STIW dui)

36.1mV,,

’ . N Y . ¥y
o » v".V. A A “ \ Narpy ; ) ad
. \(.‘.'v,\ml"t l.’y‘, 1 _""‘_5 Vi N S ‘,).pya”c‘. “,".' Vile v W ' /“
’ : 2 AL A ’ ol A o

(67% Larger)

‘Regular” Probe

Curreret Mo “"rluu Vr

NIV NS6ETmV | 18706 m\ 9T eV 5290 mv
0 Vool 35,526 mV .11 1 42,360 mV 10513 mV

I
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Power Integrity

Keysight Power Rail Probes for EXR-Series

— Keysight invented the Power Rail probe and their use with oscilloscopes

— Optimized for measuring the quality of power rails

N7020A N7024A
6GHz

M s U (E)AIOIA
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Power Integrity

* Helps you understand power rail noise sources and power rail noise effects

Power Rail, before (with switching loads) Data Line before (with the effects of power rail noise)
& after (effects of switching loads removed). & after (effects of power rail noise removed).
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D9010POWA power integrity analysis app

File Control Setup Display Trigger Measure File Control Setup Display Trigger M. File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help
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Power Integrity
D9010POWA power integrity analysis app

sesly [eoIUaA | Ses awi

| - Serial Data Signal
Power Supply Source
Serial Data

Acquisition SRR 100 s
|Autoscale Vertacal] Recommended

- Pattern
© periodic @ Arbitrary
Auto Length

-810 m

|I b ————————Peak Level |

L . | -80.8
180.0 MHz 2000 MHz f1

Results *

S

Measurements

Messrement Range (e agniide || vagriude ||

@ Vp-p(1) 44.510 mV 44.510 mV/ 44.510 mV | @ Peak1 18.3 kHz -17.75 dBm @ Peak 3 2.884 MHz -41.28 dBm
@® Peak? 125.0 MHz -31.48 dBm @ Peak 4 5.768 MHz -46.87 dBm
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Power Integrity
D9010POWA power integrity analysis app
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Power Integrity
D9010POWA power integrity analysis app

File Control Measure Math Analyze Utilities Demos Help

ittt

-5.00 ps -4.00 ps

Real-Time Eye
962.500 kUI
Wms

-5.01 ps -4.01 ps 01 ps -101 ps 9 ny 99 us .99 ps. 3. 4.99 138720 mV 3 138720 mV. 138720 mV
© Eye Width(1) 727ps X 727 ps 727 ps

D at a L I n e . © Eye Height(1) 734mv 3. 734mv 734mv
i . b sy - = -

@|1.00ps/ |-11.0000 ns

5.00 s
200 mv
150 mv

100 mv

50.0 mv

1.10V Supply with 3mV,, Noise

EMEEMN HB 6 05
KEYSIGHT Pl gty |1.00 ps/ |-
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© Eye Width(1) 1136ps 1136ps .6 ps 1136ps
© Eye Height(1) 1266 mV 1266 mV bl 1266 mV



Power Integrity

D9010POWA power integrity analysis app

Analyze Utilities Demos Help

File Control Setup Display Trigger Measure Math

SE9l [EIAA

907 mVv
621 ns

Real-Time Eye
472.919 kUl
1 Wfms

-166 ps

Real-Time Eye -
463.528 kUl ST ;
- 1 Wfms - . ke : - —— :

208 ps -166 ps -125 ps

@ 200 ps/ |62.8716 ns

|_?_| Results {(Measure All Edges)
e [ Cument | Mean | Min |  Max | Range(MaxMim | StdDev | Coum | ]
1

Measurement
Eye width{xt1) 153.25 ps 153.25 ps 153.25 ps 153.25 ps

B Eye width{2) 1195 ps 119.5 ps 1195 ps 1195 ps
WV p-p(l) — _ 131.94 mV 121.94 mV 131.94 mV 131.94 m\V
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Power Integrity

D9010PWRA—Power analysis application

Type of analysis Measurement

Input measurements Power quality

« Automated, time saving analysis of switch mode and linear
power supplies
« 20 measurements

Real power
Apparent power
Reactive power
Power factor
Crest factor
Phase angle

- Current harmonics
Setup Wizard...

. Oon

Analysis +r Description

®,

Inrush current

Switching measurements Switching loss

All Measurements : : o Voltage

Rds(on)
Input Measurements Slew Rate * Connect probe + input to the Drain of the MOSFET.
* Connect probe - input to the Source of the MOSFET. Vce (Sat)
Switching Measurements Safe Operating Area # Select the appropriate attenuation ratio of the probe.
Output Measurements Rds(on) & Vce(sat) Slew rate
: : ® Connect the current probe to the Source of the MOSFET with the direction of the .
Frequency Response Measurements ¥ | Switching Loss arrow pointing towards the current flow. Safe Operatlng area

e Qutput ripple
 ‘Setup Wizard’ provides clear directions. Ve Tum-on time

Turn-off time
""" Efficiency

Transient response settling time
Power supply rejection ratio (PSRR)

Control loop response (gain and phase)

KEYSIoHT =)HIO|A
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Power Integrity

Power supply rejection ratio--psrr

* PSRR is a measure of how well a DC-DC converter
can reject noise on the input from getting to the
output.

WaveGen

ARA UL . .
\ —>€5'1J'3;3;af‘;;ﬁ!;———> i PSRR = 20Log(Ripple,\/Ripplesyr)

\
/
/ \\ //
[ \ TR EY R
/ \/ \/ 1 (I ';;[ i1 s
LA (O B A 100 316.228 1000 3162.278 % 10000 31622.777 100000 316227.766 1000000
Frequency (Hz)
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Power Integrity

Power supply rejection ratio--psrr

File Control Setup Display Trigger Measure/Mark Math Analyze Utilities Demos Help

Inl

[ | |
| |
vV V UV V
-100 ns 3 300 ns

200 mV p-p 30.988 dB
200 mV p-p 29.206 dB
200 mV p-p 27.452 dB
200 mV p-p 25.696 dB
200 mV p-p 23.955 dB
200 mV p-p 22215 dB
200 mV p-p 20.480 dB
200 mV p-p 18.723 dB
200 mV p-p 16.991 dB
200 mV p-p 15.276 dB
200 mV p-p 13.606 dB

200 mV p-p 11.946 dB ] = ZOLOg(RIpp|e| N/Rippleou'r)

200 mV p-p

Gain (dB)

TR0

1000 3162 10000 31622 100000

Frequency (Hz)

Run Single Measurement
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Power Integrity (PI)

1 2 3

Current Consumption,
Energy Efficiency
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Power Integrity

Current consumption, energy efficiency

DC/DC _ _ N
Converter ' Keysight High-sensitivity
' WL 0 Current Probe (N2820A/21A)

“Regular” Clamp-on

Current Probe
Transient Load response

In-rush current
Power
Efficiency
Etc.

ERST @ GFEOIA
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Power Integrity

High-sensitivity current probes

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

— N2820A-Series Current Prob:i o‘?
* High Sensitivity m
Minimum Current: 100nA

« High Dynamic Range
Reense: TmQ to 1MQ

Maximum Current: >100A’s

Dynamic range: 20,000:1

Z0oom-in
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Power Integrity (PI)

=1
HoF A T ABHIREE)
PDN
AV - Impedance
) 100 mohm
10 mohm
> 1 mohm >
l'l\l jl_l- DC 1 kHz 1 MHz 100 MHz 1 GHz Log Freq(HZ)
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Power Integrity (PI)

Ssudo st menasa—— Current Consumption
. i) Energy Efficiency
| Power Rail Quality
—Power-Up/Down—— —— ———
Sequenge————
Power Good ————
EXR With: EXR With: EXFZQ(;/x;[h& 6GHz Power Rail EXR-With: L
* Built-in Digital Volt « Simultaneous mask + High-sensitivity current

Probes (N7020A, N7024A)

' robes (N2820A, N2821A
Lol pandard - tesngonovery el . piapp-pooioeowa P )
' )  Power App-D9010PWRA
generation (standard
* PSRR, etc.
feature)
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EXRAlalx s

KEY SPECIFICATION
. L b : Key Specifications

Analog Channels 4 or 8, upgradeable
Bandwidth 500 MHz - 2.5 GHz
Sample rate 16 GSa/s
Memory Depth 100 Mpts/ch = 400 Mpts/ch
Update Rate >200,000 wfm/s
pRE IO IC IIE IS Resolution (high

10 bits (16 bits)

res

Standard Performance )

« 100 Mpts per channel memory S00MHz| 1GHz | 2GHz | 2.5Ghz
« 500 GB SSD ENOB 8.2 8 7.6 7.5

« 4 digit DVM, 10 digit counters NOISrEV%i\l/ 630V 73uV 91V | 100 v
« Segmented / history mode

«  Eault Hunter Logic Analysis 16 channels, separate connector

- Eye diagrams, clock recovery DVM 4 digits

« FFT, 50+ voltage/timing measurements Counter 2x 10 digit, 1x 8 digit

« Training signals, auto demo modes AWG / FRA | 50 MHz

eser (@ ERIO|A



Hardware Configuration
I T
E X R 2 5 A Add memory, 200/400 Mpts/ch EXR2MEM

Bandwidth (x100 MHz) =&

Add AWG, 50 MHz EXR2WAV
Add MSO, 16 channels EXR2MSO

Model Numbers by Bandwidth and Channels Additional Equipment m
Bandwidth 4 Channels 8 Channels Extra SSD, 500 GB /1 TB (removable) EXR2SSD

500 MHz EXRO54A EXRO58A Rackmount kit, 8U EXR2RACK

1 GHz EXR104A EXR108A Transit case (Case Cruzer) 3F2002-1910C1?
2 GHz EXR204A EXR208A BNC(m) - SMA(f) Adapters 54855-67604
2.5 GHz EXR254A EXR258A GPIB adapter (ICS Electronics) 4865B 1

1. Sold directly by the manufacturer, not by Keysight.

Calibration Options m Future Upgrades m

ISO 17025 Cal. (Not Accredited) EXROO00-1A7 Add bandwidth, up to 2.5 GHz EXR2BW
ISO 17025 Cal. (Accredlted) EXRO00-AMG Add analog channels, 4 to 8 EXR28CH

e (Z)H[O]A |
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Software Configuration

Protocol Decode/Trigger Applications m

12C, SPI, Quad SPI, RS232/UART, I2S,
SVID, Manchester, eSPI, JTAG

USB 2.0, USB-PD, 10/100 Ethernet
CAN/CAN-FD/CAN-dbc, LIN, SENT
13C, SPMI, RFFE

ARINC 429, MIL-1553, SpaceWire

Infinilum Basic Protocol Trigger/Decode
Bundle: Includes all of the above

Automotive Ethernet

Infiniium Offline (full Infiniium UI)
EZJit Complete Offline

DMBA + ASIA + PAMA Offline

Protocol Decode Offline (Protocols are
split up in two packages, see datasheet)
S Sk -y - - -

D9010LSSP

D9010EMBP
D9010AUTP
D9010MPLP
D9010MILP

D9011BDLP

D9020AUTP

D9010BSEO
D9010JITO

D9010ASIO

D9010LSPO
D9010HSPO

Power Applications m

Power Integrity (Rails, Distribution) D9010POWA
Switch Mode Power (w/ FRA) D9010PWRA

Signal Integrity Applications m

EZJit Complete: Jitter Analysis D9010JITA
InfiniiScan Zone Triggering D9010SCNA
De-Embedding D9010DMBA
Equalization and Crosstalk D9020ASIA

Advanced Applications m

PAM-3 and PAM-4 Analysis D9010PAMA
User-Defined Application D9010UDAA
 Conpirc oo |t
USB 2.0 D9010USBC
10/100 Ethernet D9010ETHC
Automotive Ethernet AEG900T
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