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Comprehensive Probe Portfolio

Power Rail Probe
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http://www.home.agilent.com/agilent/product.jspx?nid=-34025.898993.00&cc=US&lc=eng

N7020A Specifications

...and implications for power rail measurements

— Low noise

» 1:1 attenuation ratio

» Adds ~10% to the oscilloscope frame noise

— Large offset range
o +/-24V

— Excellent input impedance
« 50 KQ at DC
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Keysight Oscilloscope Portfolio
Extreme Value to Extreme Performance

Infinilum S-Series
Ideal oscilloscope for power rail measurements
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http://www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng&nid=-34492.774931&imageindex=1

Infinilum S-Series Specifications
...and implications for power rail measurements

— 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
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The Need for Power Integrity Measurements

o NOISe On the power ralls Keysight Infiniit ctober 15, 2014 11:31:56 AM !(fxﬁ[sﬂ[
R ] (400 kpts | SoScSSSSS A~~~ ~ (2,50 GHz| @) (1452201 | 07|

can be the top cause of
clock and data jitter

« Smaller voltages with

tighter tolerances 4 I\ N\ ‘ |
» High frequency transients \ | \ \ \ ‘

« Rail voltages change (drift,

droop, sag) as supply load DC |output
varies
@,;o e o
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Top Concerns for Power Rail Measurements

1. Low noise
2. Support for popular rail voltages

3. Loading & connectivity

4. Bandwidth
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Top Concerns for Power Rail Measurements

1. Low noise
2. Support for popular rail voltages

3. Loading & connectivity

4. Bandwidth
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Oscilloscope/Probe Noise

Produces higher Vpp measurements and masks transients

\_/_ﬂl\—‘

Signal (DUT)

Probe and
front-end noise

Signal Signal +
Scope noise

'f,w‘
~ i Mt
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Top Concerns for Power Rail Measurements

1. Low noise
e —how to characterize
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Choose Scope that has Lowest Noise

5 minutes

Disconnect all inputs

—} | ’@ ¢ o
[ 13 @ LB (EdE
l : A 1 @ 2 @ Ny 'i‘?'?/
sl DIOTALG}S 05 2 I My ST

1. Measure at each
V/div setting

2. Measure V,,, AC Noise | Full
; Scale
20 mV/div V

10 mV/div
5 mV/div
2 mV/div
1 mV/div
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Oscilloscope Noise Comparison

uV Noise @ 5 mV/div (4 GHz BW)
450

400 -

350 -

300 -

250 -

200 -

DSO-S 404A @ 4 GHz
153 uV

150 -

100 -

50 -

Tek (3.5 GHz) LeCroy R&S Infiniium
DPO 7354 6047Zi RTO 1044 DSOS404A
KEYSIGHT 1/15/2015
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Probe Noise Adds to Scope Noise

|'°snn|2.00 mv/ |[-2.7 mv | @=s(2.00 mv/ [2.7mv |@ D0 :|

A

sea |eorUoA | SESl Slll]

A

16 mV

-250 ps

l

EtAL Differenctial probe : 1.25 mVrms

Keysight N7020A: 0.09 mVrms

.

-200 ps -150 ps -90.9 pg -49.9 pg 100 ns

_|"°|50.0 us/ |[66.7200ns | (@) %

(T Results,

Both probe on S-
Series

(Using N2744A
T2A Adapter)
with 500 MHz
BW limit

Measurement Current |

Mean Min . Max . | Range{Max-lh-"Ifn]l | . Std Dev 5 u :

1 ©® Vp-pll)
e Vp-p(2)
8 ACVrms(2)

Q@ ACVrms(1)

BO6W
133355 mV
1.25510 mVv

KEYSIGHT
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91.4571 pV

8949V 8696V 9133 FERIT
124752 mV 11.8086 mV 133355 mV 1.5268 mV
1.25037 mV 1.22534 mV 1.26720 mV 41.8582 WV

91.6239 pv 80.8044 v 93,7231 p¥ 3.9187 pv

5
6271 p¥
145784 pV
11964 pv
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Probe Attenuation Ratio: High Impact on Noise

N7020A: Attenuation ratio:1:1 down to 1.09 mV/div

20 mVp-p Signal

KEYSIGHT

TECHNOLOGIES

1/15/2015
Page 15

Power Integrity



Top Concerns for Power Rail Measurements

1. Low noise —
How to reduce
BW limiting
Scaling to full screen

Averaging

KEYSIGHT
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Eliminating Noise via BW Reduction

BW Reduction

~—— Attenuation

'Ew

Frequency —

Single |_2IJ. _| Mpts |

Waveform Window 1

= [@|10.0 dB/ |-86.4 dBm|@ O |

SEaW [RIILSA | SEaW aw

-106 dBm

-116 dBm

-126 dBm
0Hz

|start|0.0 Hz

Measurement
9 ACVrms(1) 71.8902 pV A 743480 pv 24578 pv

KEYSIGHT 1/15/2015
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Bandwidth Reduction
Power Rail Examples

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

g @=100mv/|145v |@0

on
Acquisition HW & Display

Scale M Fine

RPN 1

Labels |1
| Channel

Impedance m ==
On

BW: 2-5 GHZ S IR Acquisition HW & Display
Vpp 45 mV Tuﬂ, W Fine

1 GHz
200 MHz
- 20 MHz

B Labels

Impedance
©s00
®

BW: 200 Mhz S
- Vpp: 38 mV 1

@ 100ps/ |[0.0s ®T a Acquisition HW & Display
B Results

RN et i N AN et P
R (b VAN M f Skew

0.0 s

W Labels 1

Impedance

20 MHz

off

1 GHz
q 3 200 MHz

X 20 MHz
@ 100ps/ |[0.0s
B Results
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Tradeoff with BW Limiting -

Frequency —

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

1N
w
=]
=]

BW: 2.5 GHz
Captures high-freq transients

5
m
=
]
o
w
=
o
=
(%]
=
=
o
o
w

Offset
(1.4472v |

B Labels |1
-~ Impedance — ,
_ Os00
Measurement | Curent | Mean |  Min |  Max | ® 1M

9 Vp-p(l) 45.385 mV 45385 mV 45.385 mV 45385 mV BW . 20 M H 7

AtteTTaate S . Analog BW Limit
120 MHz
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Top Concerns for Power Rail Measurements

How to reduce

Scaling to full screen

KEYSIGHT
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Scale for Lowest Noise

1 GHz Noise Compare
10

SW Magnification —

TECHNOLOGIES

Power Integrity

Page 21

>
E
.;g
g Full scale |Infiniium
% y a= [nfiniium S104A mV/div value 5194A
é - (Volts) noise
] 0-bit Q levels
10-bit Q (mV)
0.001 N N N N N N N N N . 1.000E-03 8mV 0.09 b=
< £ § s s s s < 77 2.000E-03| 16 mV 0.09
Vertical Scale (full scale) 5.000E-03 40 mV 0.095
10.000E-03| 80 mV 0.111
20.000E-03| 160 mV 0.16
50.000E-03| 400 mV 0.45
KEYSIGHT 1/15/2015



Scaling for Lowest Noise

....also Results in Maximum Vertical Resolution

S-Series

« Vertical setting =
10 mV/div

« 8 divisions

* Full scale =80
mV

)
L
]
o
o
w
=
(1]
w
")

Resulting noise:
111 uV noise

...and we’re using
full resolution from
the 10-bit ADC

17/0)

nen

8 YV min(l) 171215V & 5V 171215V
8 V max(1) 177412V 177412V 177412 ¥
9 DCVims(l) 174678V 174678 V 174678V
61.976 mV 61976 mV 61.976 mV

[~ Quewesnsesly

-]
=
i
=
s
L
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Scaling for Maximum ADC Resolution with 2 Waveforms

.. stacking decreases resolution, and adds noise

KEYSIGHT
20,0 Gsa/s ) (400 kpts | P A A A A A A A~~~ (5 40 v @) 149590y AV
2 (@=20.0mv/142v [@[200mv/ |15y |@T] S-SerIeS
e 20 mV/div
8 divisions

e

160 mV

Sea| |EDILDA

Resulting noise:
160 uV noise

Increased noise by
44% (10mV/div to
20 mV/div)

.0 ps -8.01 ps -6.0
‘ \0\200;;/\ -11.1200 n

1/15/2015
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Top Concerns for Power Rail Measurements

2. Support for popular rail voltages

KEYSIGHT

TECHNOLOGIES
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Oscilloscopes Typically Do Not Offer Sufficient
Offset Power Rails

Max offset @ 20 mV/divon 50 Q

Inputs
3.3V

xi

X X
I
H N

T

—

Tek 5000 R&S RTO

Keysight Infiniium

KEYSIGHT

TECHNOLOGIES

Power Integrity

1/15/2015
Page 25



Offset Options

— DC Blocking cap

— Probe with offset

KEYSIGHT

TECHNOLOGIES
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DC Blocking Cap Removes DC Component

Keysight Infiniium : Wednesday, September 17, 2014 3:12:46 PM

KEYSIGHT

TECHNOLOGIES

@EBE o 0

Waveform Window 1

@200 mv/[13v |@T]

| A

-l
2
m
X
(]
)}
2|
<
1]
&
0
o
2
0
)
0

-75.0 ps 60.0 ps

(@ (15.0ps/ |[0.05 ,

Blocking cap hides DC drift x \

Potential for damaging front-end of 5.
scope with large DC values %ﬂ
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Probes with Offset

....Choose the one with Lowest Noise

N7020A: Offset range: +/-24V

KEYSIGHT

TECHNOLOGIES

e [ T

| 1|

0

N7020A 2 GHz 1:1 active probe noise: 3 mV noise
up to +/- 24 V offset

[
o
o
(7]
<
o
=
(2]
A1 p—
£3
o |-
w
1%

N2796A 2 GHz 10:1 active probe noise: 23 mV noise

up to +/- 5V offset

-20.4 mV

Nt
c"J]J\
i\l\-[
5
‘7

_ Meoswement | Coment |  Men |  Mn | Mo | RangeMucMi) | _SDev [ Cowt | ]

DCVrms(3) 3.52749 mV 3.92530 mV 3.34253 mV 441064 mV 1.06811 mV 187.401 pV 647
© DCVrms(1) 388.920 vV 371.952 pV 344422 WV 409421 uV 64.9990 pV 11.1534 pV 647
V p-p(3) PERIEER Y 22.8373 mV 211936 mV 40.0000 mV 18.8064 mV 165113 mV 647
Q Vp-p(l) 33156 mV 3.52108 mV 3.2069 mV 4.0685 mV 861.7 pV 13831 pVv 647
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Top Concerns for Power Rail Measurements

3. Loading & Connectivity

4. Bandwidth

1/15/2015
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N7020A Input Impedance vs. Frequency

Input Impedance @ DC 50kQ +/-2%
@ >1 MHz 50Q
100,000
10,000 — \
I N
E kY
_: 5
S} i
.\"'-\.
8 1000 N
m
-
o
=
E
100 —
10 | | | | | | | | |

1 1E1 1E2 1E3 1E4 1E=  1E6 1E7Y 1E8 1E9 JE9

Frequency (Hz)
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Probe/Connection Loading
Impedance At DC

i E (5.00 GSa/s | [10.0 Mpts || | @G3sesv] LNV
2 @=somv/ [313v @0

KEYSIGHT

N7020A_50kQ @ DC bt g B (5.00 Gsa/s | (10.0 Mpts | AT |T;T:30:f;v | m

;\'osmpoo mv/ 3.20v  |@®3 |

s

| seap (B2113A | SESW B

4.00 V

m

=

m

o

n

e =

. ; o
e e
0

B

=

m

o

W

DIGAVARIRCRCHAYS

rms—

50Q @ DC pulled this
supply down ~60mV
(changed the target this
much)

Measurement Current

© DCVrms(l) 331363V 3

-1.00 ms -800 ps -600 ps -400 ps

° [200ps/ |0.0s ® T D-]
ts

Measurement | Current | Mean | Min ‘ Range (Max-Min) | Std Dewv
| © DCVrms(2) 3.25378V 3.25168 V 324131V 4 13.5893 mV_ 359833 mV

KEYSIGHT
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Having Enough BW is Critical

KEYSIGHT

HNO

GHz | (@[ 1.44040 |

Seap 3wl

<
o
=
[}
-
)
w
7

[N7020A 1:1 Betive probe |
1.4600 V

\ /
' N 7
T| Results (Measure All Data) [ = ]
Messurement | Cument | Mean | Min | Label [Horzontal| _Vertical_[Popup Content] |
® N2870A 1:1 passive probe 9654 ns 147350V

8 Vp-p{ml) 40.133 mV 40.133 mV 40.133 mV
NOET3A 101 pasivprobe. 4442c 145244V N7020A 2 GHz, 1.1:1

© Rise time(l} 281.83080 ns 28446283 ns 269.87682 ns
@ Vp-p(l) 35129 mV 35129 mV 35129 mV ® N7020A 1:1 active probe 2 ps 145995 W

“ UIBWBINSES ]
| syiewnoog

KEYSIGHT 1/15/2015
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Emergence of Dedicated Power Rail Power Rail Probes
Example: Keysight N7020A

Low Noise: The N7020A Power Rail Probe is1.1:1
attenuation ratio active probe. As a general rule, the
higher a probes attenuation ratio, the nosier the signal will
be on the oscilloscope.

Large Offset Range: 24V of probe offset. This enables
users to center the signal on screen while placing the
oscilloscope at it's maximum vertical sensitivity and
zoom-in on the signal.

Low DC Loading: 50kQ input impedance at DC
minimizing the probes DC loading of the power rail.

Large Input Dynamic Range: +/-850mV input dynamic
range means that users can measure up to 850mV
deviations of their DC supplies. This is very useful for
measuring programmable supplies like those used in
microcontroller power saving modes.

High Operating Temperature: Coaxial probe head and

N7022A main cable operate up to +85 °C. These included

accessories can be used to make power integrity

measurements inside of environmental chambers.
KEYSIGHT

TECHNOLOGIES
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N7020A Power Ralil Probe

Coaxial Probe Head & Solder-In Connection

KEYSIGHT

TECHNOLOGIES
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N7020A Two Pin Header

Browser Probe Head

1/15/2015
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Additional Tips for Scope Measurement of Power Rails

— Infinite persistence ’

— Histograms Re\ PQ“\
Tips" |

— FFTs

KEYSIGHT

TECHNOLOGIES
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Infinite Persistence
...change will states can paint larger Vpp than expected how bad did it get
over time....

SE9K |BIIUIA |SE3N 2

s
N

N

o
‘i .

Measurement |  Cument [  Mean [  Min |  Max [ R{&|x1 999999975 us vz 147862V

8 Vp-pll) 50.789 mV. 49543 mV 52875 mV 3. X2 999999975 s AY 527200 mV
AX 199999995 ps
50000001 kHz
Y1 142580V

muamamseaw"

KEYSIGHT 1/15/2015
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Histograms

Statistical Overview of Waveform Distribution

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help

IUSA | SEIW SWIL

=
=
m
o
]

| Results
Measurement

9 Vp-pll)

sjUBLIAINSES W),

KEYSIGHT
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| 22.2000 ns )

47414 mV

47,7179 mV

368.268 khits Y2
86.1680 khits AY
282.100 khits

3.54484225 v

143164V

145462V
22.9800 mV

TECHNOLOGIES |\ ==

| @[1-426601)
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Power Rall FFTs

See coupling source frequencies

ILISA | Sea Bl

-100 ns

Seal |E

5! |@ 10.0dp/ [-71 0dBm|eﬂ.|

(T

o
=
o
]
7
<
o
3

SEDN |E

-101 dBm
-111 dBm

[Gbel |Horzonta ] Verical . fPopwpContend ]

Peak0 171GHz -43.035dBm

KEYSIGHT 1/15/2015
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Other Compatible Oscilloscopes

Keysight 4000-X Series (200 MHz to 1.5 GHz)
Fastest Update Rate:1M wf/s, more portable, lower price

KEYSIGHT

M50-¥ 41544, MY52260002, 04.00.2014101303: Fri Oct 17 11:43:05 2014

1.000us/
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Q&A

1/15/2015
Page 41

KEYSIGHT

TECHNOLOGIES

Power Integrity



