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Measuring small signal in the presence of large offset
Fundamental Challenge
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Tolerance Band

Challenge: Measure small .I.
ac signal on top of large dc
signal
Issues to overcome: DC
1. Measurement system noise Measurement System Noise
2. Large Signa| offset (Scope, Probe, Connectlon...)

3. Do no harm (probe loading)

Probing ‘golden” rle: M WJM mw '1{ M 4“”%“‘* "
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Measuring small signal in the presence of large offset
First things first—Null Measurement (Sanity Check)

Null measurement: Baseline noise of the 4&
oscilloscope measurement system to verify e
that the tools being used are appropriate for _\[l» |

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

TECHMOLOGIES Page 5



Measuring small signal in the presence of large offset

For small signal measurement, choose a probe with lower attenuation
ratio.
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Measuring small signal in the presence of large offset
Large DC Signal Offset

B At larger V/div
Dl ©  Sensitivity is decreased
» Scope noise relative to small ac
signal is increased.

131mV

p-p

(58% Larger) So.. Use the small V/div, if possible.
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! 20mV/div

With Full Offset: 83mV,_,

Remove DC Signal Offset
* Probe Offset

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

DC blocking cap removes DC as S
well as low frequency AC contents.

Probe offset does not.

Using Probe Offset

Using a DC Block

TR R T <\\f DC Block
Keysight
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Take advantage of large “probe” offsets
provided by Keysight active probes

Model Number Offset Range

N2795A/96/97A  Single-ended Active probes 12V
N2750A/51A/52A InfiniiMode Differential probes +15V
N7020A Power rail probes +24 V
1130A — 34A InfiniiMax | probes +12 V
1168A/69A InfiniiMax Il probes +16 V
N2800A-03A, InfiniiMax HI/111+ +16 V
N2830A-32A,

N7000A-04A

Large probe offset can be applied at any V/div settings, while scope
offset is V/div dependent.
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Offset Menu in New

Infiniium GUI

© n70204 | € 11694

Scope offset —
proportional to V/dk
setting

Probe Offset

Select I -abe Offset Behavior

O MNormal :

Controls scope channel offset
Useed wheen als

suring diffe il =

P input

Probe Offset

z

Probe System
B External Scaling [} Attenuator

NS381A Probe Head

Ddterential Soider-in

Select Head.,

G
Neernal
QM-..

Probe Systemm Characteristics
Bandwidth 12.0 GHz
Resistance 50.0 kQ
2:0.0 f¥
+30.0 V
+1.7V
t8.0V
+16.0V

Capacitance
Max Input
Signal Range
CM Range

SE offset range:

Scope Channel Offset

Scope

z

Channal

Differential
amplifier

Probe | Scope

No probe detected

B oc Block

1169A Probe Amp

US440C143

No probe detected

- Extension Cable

Calibration Status

Atten/Offset
Altenuation

Skew

@ Mormal : Controls scope channel offsel

Usad when measu

O Probe :

v differential signals

Cancels it probe amp input

Used when measuring single-ended signals

Probe Offset

Probe offset — same
offset range offered

independent of V/div
setting

Scope Channel Offset

Scope

L 3

>

\2)

A
>

Channel

>

vl

Differential

Amplifier

|

Probe | Scope




Understanding Offset in InfiniiMax Probes

How would | measure small ripple riding on top of
large DC offset with InfiniiMax probe?

SOMVER [ L LM RO MU LT

ripple

5V Measure small ripple
@ small V/div
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Understandlng Offset in InfinilMax Probes

le Control Setup Trigger Measure Analyze Utilities Help 26 May 2011 5:06 PM

Channel 1 Offset
4970V

V p-pll)
54.9829 mV
55.4859 mV
54.4942 mV
71.0627 mV

50 mVpp signal on top of 5V measured with InfiniiMax probe applying -5V
offset to the target

Keysight
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Extreme Scope Probing
Extended Operating Temperatures

Traditionally tested for survival

» Product/device “running” at extended

temperatures in chamber or under hood while
monitoring for failures.

« If/when failures occur a postmortem is
conducted

» Changes are implemented and temperature
testing resumes

Desire for quantitative data and margin analysis
» Preference for understanding amount of margin
- Identify opportunities for improved reliability
- Identify opportunities for improved economics

KEYSIGHT
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Extreme Scope Probing
Extended Operating Temperature

Temperature test ranges and applications

Component Testing

-25° C_F > \ +85°C

Mobile Consumer, Power Supplies

-40°C M ; +85°C

Automotive Interior, Mass Storage

, Automotive, Aerospace, Defense
-55°C < e +150°C

- Ordinary Probe \
0°C < 4 +50°C

Keysight
Measurement
Forum
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Extreme Scope Probing
Extended Operating Temperature

Two most common methods today

= Probe connected to DUT via long
extensions

e Limited bandwidth and non-flat
frequency response

» Noise couples onto extension wires

= Probe is placed directly into
chamber

» Cost of “disposable” probes A &
» Probe failures create false readings | smm—— -

Keysight
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Extreme Scope Probing
Extended Operating Temperature

Connection failure: cable to probe

Common Failure Modes (with ordinary
probes)

» Coax cable damaged due to thermal
expansion

* Termination failures
* Discontinuities

lelectrlc Material
Position Offset by
Thermal Cycling in
Environmental Chamber

» “Plastics”
+ Working range up to ~60°C " Probe cable
» Deformation, degradation, discoloration
* Mechanical failures

» Frequency response degradation

Keysight
Measurement
Forum
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Keysight's Extreme Temperature Probing Solution

N7007A

Single-ended
Passive

400 MHz
10MQ input R
2 m long cable
-40 to +85 °C

N7013A

Probing kit for
differential probe

70 MHz

Compatible with
N2790A,
N2791A,

N2792A, and
N2818A

70 cm long cable
-40 to +85 °C

N2797A

Single-ended
Active

1.5 GHz
1IMQ input R
2 m long cable
-40 to +85 °C

N2820A/21A

High-sensitivity
current probe

Current

3 MHz
1.5 GQinput R
-55 to +150 °C

»Keysight offers the broadest selection of extreme-témperature
oscilloscope probing solutions.

KEYSIGHT
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Extreme Scope Probing
Extended Operating Temperature

N5450B extension cable InfiniiMax Probes
Full Bandwidth

.55 °C to +150 °C LS —

SR ~_—
Probe Heads Probe Amps

extension cable
Inside

Temperature

Chamber

Up to 16 GHz bandwidth with InfiniiMax Il

N5450B
1 m Extension Cable

With N5381A/B, N5441A solder-in head: -55 °C to +150 °C
With E2677A/B solder-in, E2678A/B socketed, N5425A/26A ZIF: -25 °C to +80 °C

Keysight
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Extreme Scope Probing
Extended Operating Temperature

N2797A . 1.5GHz Single-Ended Active Probe

» Designed and tested specifically for chamber
applications

« Operating range: -40 - +85°C

« 1 Mohm input impedance (@DC) \//
» 2 meter cable with silicone jacket :
» Accessories specifically for chamber use
pa—_ ¥ — —
- Positioners/holders available ; re .. s
;— oe ' S —
:
- —R
€ i
i iy
—ailk
—

Keysight
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Extreme Scope Probing
Extended Operating Temperature

N2797A Step response testing - scope set to Infinite persistence from -45 — +90°C

5.00 GSa/s #Avgs: 16

a} CH B D T BHEH =HE

m
— 2GHz SE active

— N2797A 1.5 GHz extreme temp active probe

— 50 ohm reference

EEEEEEHH £
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Extreme Scope Probing

Extended Operating Temperature

N2797A Frequency response over extreme temperature

Agilent N27H7A Frequency Response

(gp) asuodsay Aouanhal g paziewilop)
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Extreme Scope Probing
Extended Operating Temperature
N2797A aging test @90 °C over 6 months

4

Agilent N2797A Frequency response
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Extreme Scope Probing
Extended Operating Temperature

N2797A Extreme Temperature Active Probe

Ambient Operating Temperature: —40°C to +85°C (—40°F to +185°F), otherwise specified

Recommended

Probe Configurations

°.": Agilent Technologies

Visit the Probe Resource Center at www.agilent.com/find/PRC

Rigid Tip or Solderable
Tip with Ground Blade

6 cm Y-Leads with
0.1" Headers

Solderable Tip with
Right-Angle Ground

9 cm Y-Leads with

Ground

blade
/ 1S

spring-

loaded

Bandwidth; 1.5 GHz

S
\

N2798A Accessory Kit

Quanuties listed are also the quantities included with the probe.

Bandwidth; 800 MHz

0.1" Headers

| Y-Leads with Flexible Nose |
. Clips or Pico Hook Tips |

Pico Hook Tips Flex Nose Clip
%7 Solderable Tip, adapter, 1 of ea. > -~ adapter, 2 of ea.
qty. 10
/_ Rigid Tip. )
; qty. 5
/
20°C to +80°C (~4°F to +176°F) 4 = Ground Blade, Right Angle Ground \ Y-Lead Adapter
F 7 qty. 2 = Lead. 5 cm, gty. 2 B em, gqty. 2
Bandwidth: 500 MHz ‘ 9 cm. qty. 2
Keysight
KEYSIG HT Measurement
TECHMOLOGIES Forum Page 24




N7007A 400 MHz passive probe with extreme
temperature and humidity range

.‘)“}?‘)) ’;‘ '
400 MHz bandwidth passive probe 8 ' $ - \

Operating temp: -40 °C to +85 °C
Operating humidity: 40 °C 90%RH
10:1 attenuation ratio

2m cable length

« 10 MQ input R when terminated into
1 MQ scope input

« 1000 V CAT II, 600 V CAT 1l

« Comes with an alligator ground clip,
hook clip and spring ground tip

 Low cost

Low cost high Z passive probe ideal for a broad range of general-
purpose extreme temperature applications

Keysight
Measurement
Forum
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Frequency response variation over temperature
(-40 to +85 degC, N7007A)

Maormalized Wour®fsro dB

IIJ| L 1 IIIlIII 1 1 ILIIJII

108 107 108
Frequency Hz
Keysight
KEYSIGHT Measuremen t
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Step response variation over temperature
(two N7007A probes tested in -40 to +85 degC with Infinite persistence mode on)

MS0-X 31044, MYS1410114: Sat Nov 07 06:45:22 2015
1 500%/ 2 5H00%/

0b.40z

20.00s/

Buto

V' o —

Uisplay Menu
4 Persistence Clear
oo Persistence

KEYSIGHT

TECHMOLOGIES

-43.0%

s Agilent

Acquisition

Averaging: 6

2 506Safs
& Channels &
OC 10.0:1
DC 10.0:1

Intensity
20%
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N7013A 70 MHz extreme temperature extension kit

* High-voltage differential extension cable

#,
%

W
for extreme temperature measurement >333r'3

* Up to 70 MHz with
N2790A/91A/92A/N2818A diff probe

» Operating temp: -40 °C - +85 °C

« Comes with pairs of 70 cm extension
cable (damped), hook tips, and socketed
head adapters

* Primarily for power supply or automotive
bus testing including CAN/CAN FD

* Available now

Enabling your high/medium voltage differential probe into an extreme

temp probing solution
KEYSIGHT

TECHMNOLOGIES
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Extreme Scope Probing
Extended Operating Temperature
Extreme Probe Options in Detail

N7007A Passive N7013A Differential N2797A SE active InfiniiMax with
probe extension probes N5450B

B"’g;ﬂw' DC to 400 MHz DC to 70 MHz DC to 1.5 GHz DC to 26 GHz
- o . o o -55°C - +150 °C
r(])pt(zrr%tl -40 °C - 485 °C -40 °C - +85 °C 40 °C - +85 °C or
gtemp -25°C - +80 °C
Single- :
ended Single-ended Differential Single-ended Slng_le-end(_—:td of
. Differential
or Diff?
: 3.3Vpp (w/
Max input rage of _ : o
'Max 1,000 V CAT II, 600 compatible probe D710 BV (eTENTIE Juifllviesell
input range) 1168A/69A)
V CAT llI (N2790A,N2791A, L
range N2792A, N2818A) +12V (offsetrange) 5Vpp (W/ InfiniiMax |
’ 1130A-34A)
Input : Input loading of : 50 kQ diff, <0.5 pF
loading HDIEeY, K3 1 L compatible probe 1 L9, 3L P12 input C

For more information, check out www.kevsiqht.com/find/e_xtreme
KEYSIGHT Keysight

Measurement
TECHMOLOGIES Forum

Page 29


http://www.keysight.com/find/extreme
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“Always” use a static safe workstation and wear a
grounded ESD wrist strap

Wrist Strap with
1 MQ Resistor -~
-\"_". v, J
| % Ground Socket

\ Wrist Strap

Building Ground

gteel / with 1 MQ Resistor

o (2 places)
Mat

InfiniiMax probes and accessories are ESD sensitive devices and should be treated
with care!

KEYSIGHT

TECHMWOLOGIES
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Handling InfiniiMax probe amp

Delicate active circuits are located here. So, treat this part
carefully and take general precautions. No mechanical

shock (dropping, smashing) and getting wet etc.
KEYSIGHT ‘

TECHNOLOGIES
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Mating/Unmating probe heads

Straight out/Straight in Never bend, wiggle or twist the
head

We've tested them to 2000 cycles and the electrical performance was
solid.

KEYSIGHT

TECHNOLOGIES
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Recommended method to coil and store your probe

« Wrap the cable around
your thumb.

« Coll the cable in a big
radius.

KEYSIGHT

TECHNOLOGIES
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Recommended connection  Frobe Amplifier
steps

1. Attach the probe head to the DUT. i

DUT

Probe Amplifier

2. Connect the probe amp to the scope. Clutch Ring

Amplifier Disconnected
from Probe Head

Probe Amplifier

3. Connect the probe head to the probe
amp as a last step.

Probe Head

KEYSIGHT

TECHNOLOGIES




“‘unterminated” while input
signal is live!

When disconnecting probe  Never leave the probe

Always disconnect Probe Head
from Probe Amplifier First!

Keysight
‘ Measurement
Forum Page 36



What is strain relief? @f & 2t}

The strain relief is typically a series of ridges at the point where the
cabling meets the connector or plug that allows flexibility in the
cable without putting stress on that vulnerable point in the cord.

An effective strain relief should prevent any
load applied to the cable from being

transferred to conductor terminations.

Strain relief can enhance flex
life performance

Keysight
Measurement
Forum
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Strain relief methods

Provide some “strain relieves” to secure the probe amp to the DUT

Low temp glue gun Housing with built-in strain
KEYSIGHT relief (for N5380B SMA
TECHMOLOGIES head)

Keysight
Measurement
Forum
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N2848A QuickTip needs strain relief

Make sure you securely “strain relieve” the probe amp before
connection
Strain relief putty Keysight part number : N5439-65201 ($21)

Keysight
Measurement
Forum
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When glue gun is used

* Do not use the hot glue on the probe head (PC board or
tip leads)

« Use it on the probe head cables only

* Never use super glue!

Keysight
Measurement
Forum
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Soldering Tips (1/2)

1. Use atemperature-controlled soldering iron station, if possible, such as
Metcal (http://www.okinternational.com/metcal).

2. Setthe iron tip temperature to between 370 °C — 420 °C (for non RoHS
standards).

3. Use the smallest tip possible.

4. Use optical aids of some sort (microscope, MagniVisor or preferred).
www.carsonoptical.com/Magnifiers (model MV-23)

4. Use minimal dwell times on the joint (<2 sec).

If dwelling too long, it will boll off the flux and the joint will
Not be shinny and it will be weak.

Keysight
Measurement
Forum
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Soldering Tips (2/2)

1. You should also only be soldering the tip of the wire  here not here
onto your DUT. The solder should not get close to the
existing solder ball on the tip.

2. Use flux when soldering the tips into a DUT. Use a flux
pen
(http://www.kester.com/sidemenu/products/nandsolderingm
aterials/fluxpens/tabid/263/default.aspx) to coat the tip
wires and the target. The solder will flow much faster and
wet the surface quickly so you can remove the heat as
soon as possible and therefore do less damage. You
SHOULD NOT rely on the flux core in their solder; it's
never enough and it boils away too quickly.

7
- .- -
. 2o b
~
e
{

Keysight
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What causes probe loading?

Circuit Under Test

Z source

Probe Z prb

N

N

LAl RsEsgEEEEEEEE

Vin

R probe
C -
probe —

AL LE LA ERERE

V src

= Xe T ZfC
Z src+ Zprb

As the capacitive loading increases, more signal is taken away by

probe resulting in more reduction in signal amplitude as the signal
frequency goes up.

Keysight
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Forum

KEYSIGHT

TECHMNOLOGIES

Page 44



The problem: Extended leads cause bandwidth reduction

Vin

0"

|
|
I
1
Ny
I
1
Keysight

2
|

00
Frequency (H2

i

X
-

X

L
1°

Page 45

Measurement

Forum



The Problem: Effects of varying lead length/span

N5425A ZIF Separation | Bandwidth
head with between
legs

N5426A ZIF tip 2 mm 0 deg 12.3 GHz
N5451A LW ZIF 7 mm 0 deg 9.9 GHz
tip | 7 mm 60 deg 4.4 GHz

11 mm 0 deg 5 GHz

11 mm 60 deg 3.3 GHz

Longer input wire = lower
bandwidth, higher loading,
non flat response, more
variation in response as
span and tip wire
environment changes

Keysight
Measurement
Forum
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Correction using VNA and S-Parameter Models

2. Find someone that
knows how to use a VNA
and measure the
probe/cable

4. Save S-parameter file 9. Use waveform
to thumbdrive and load transformation software and 6. Analyze the data
on scope correctly remove loss

Huge effort and time involved. As a result, we tend to ignore the probe/cable loss
entirely.

KEYSIGHT

Measurement
TECHMOLOGIES
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http://www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng&nid=-35491.900848&imageindex=1

PrecisionProbe characterizes and corrects in a few easy
StepS USIng JUSt the OSCI”OSCOpe www.keysight.com/find/precisionprobe

PrecisionCable Wizard: Connect Through X

Setup Checkist 1. Connect the PrecisionProbe Kit PrecisionCable Wizard: Connect Cable _)_(
cables from Cal Out to the thru and
into Channel 2 as shown below. Setup Checklist 1. Connect your cable in place of the - = = =
WITRCVES I R ER BB PrecisionCable Wizard: Identify Cal
Connect as shown below.
- Through Setup Checklist
Connect
Connect Through
Cable Phre s a0 enample, C nect
chanrels may be diferen on
IC(;elntify k be diferant = Cable ?Ep&{]&;
Identify Connect
Cal Cable
Identify Identify the cable that is being
P o ‘ Cal calibrated.
[ Fast Cal for Demo ﬁ{iggtt:[ ncmmi(ﬁm' press Measure to ( P ';.:-].3.;‘?' pe choard
. P
@ Measure | ‘ ‘czab'ree'ss Measure to measure your
| Help | | Measure |
< Back | Cancel
. < Back Cancel
1. Measure baseline of a |
fast edge 2. Add the cable/probe to | <Back || Net> |[ Concel |
the measurement path and _ _ =
measure loss due to 3. Save correction file. Scope
probe/cable applies the transfer function
KEYSIGHT continuFust.
TECHMOLOGIES Page 48



http://www.keysight.com/find/precisionprobe

PrecisionProbe: Corrected Cable Response

Summary, frequency response magnitude

Channel 1: cable 2

= Cable Transmitted Response = Viransmitted/Vincident w-m Cable Correction Fiter
= Corrected Cable Response

i ' ' i i
0Hz 4.000 GHz 20.00 GHz 40.00 GHz

: [®/®]C) wors  [MLgoos RG] o0V S
Scales
Keysight
KEYS'GHT Measurement
TECHMOLOGIES Page 49
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PrecisionProbe : Results Improvement (Cable)

31 May 2011 8:19 AM

ile Control Setup Trigger Measure Analyze Utilities Demos Help

i)

80.0 GSa/s 1.80 kpts 33.0 GHz #Avgs: 16

File Control Setup Trigger Measure Analyze Utilittes Demos Help 31 May 2011 8:18 AM

33.8 GHz #Avgs: 16

Rise time(l+)
TEE Current 65.45839 ps A0

EEEEEEEN B

More (I'' ojls] || W1 ¥ (N (N~ O o I 0 T P B W T (0| F | (N T T S S S Y R
(10f2)
Measuremer ] l 2 E E E (0] I] ‘
Delete
All 3 ps

17220 ps

S21 probe loss and probe delay

is removed through
compensation.

[adf#
lT

Hpan 20. BLHEJQ4 ps
Min 20.47293 ps
Max  21.54107 ps

Rise Time improves from 67ps to
21ps!
KEYSIGHT
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PrecisionProbe -- How it works
Test setup to perform PrecisionProbe testing

E2655C or N5443A PV

25Q) source impedance and deskew fixture

e - Scope Ch 3
50 Q 2y =500 V"J £, =300 (reference)
Scope + | +
CAL 2y 50 Q< V
output SR(-: O ; IN
v
Probe Scope2/Port3
under tgst
P
To Probe
Z,=50Q
L~ 'ﬁﬁ . Scope Ch 1
Input Ch +

50 QS Vour

Coax from Source
(CAL output)

Keysight
Measurement
Forum Page 51
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How it works (Cont) e Visource freqesporse
With reference cable setup, follow snc] B
these steps to get Vsrc response.

1. Take a fast step signal source from
scope’s built-in CAL out port.

2. Apply the differentiate (or derivative)
to this step, you get the impulse
response.

3. Then take the FFT of the impulse
response to obtain the frequency
response of the system.

0 dam ﬂ a

8 Voutfreq regponse

With the probe attached or cable
inserted, repeat steps 1-3 to get Vin
and Vout response.

Now we know the transfer function
(Vout/Vin) and software creates
inverse filter to get nice flat

reshd SI?EYSIGHT
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PrecisionProbe : Results Improvement (Probe)

Summary, frequency response magnitude

Channel 1: Browserl

= \fin == \fout === Probe Transfer Function = Vout/Vin
= Corrected Vout |

I I
OHz 2.000 GHz 10.00 GHz

1. After running PrecisionProbe, now Vout is directly on top of Vin indicating a
corrected Vout/Vin transfer function
2. Transfer function is now flat for the entire bandwidth of the probe
3. 6dB of loss is how compensated
KEYSIGHT

TECHMNOLOGIES
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Understandmg the tools of PrecisionProbe (Probe)

A4 fgw Al e e

Impedance Characteristics of Your Probe

O PrecisionProbe
O Characterizes the impedance of your
probing system
O Allows you to see where the
changeover is from inductive to
capacitive and what the loading of
the probe IS without a VNA

Figures show a solder in probe characterized by
PrecisionProbe and a VNA. Notice how closely the
characterization matches both systems

See B e e K N
; : : : : Bl | =
BN I H . 10 nH inductor characterized by
' 10’ i’ 0 0" : PrecisionProbe

Freq (Hz)

M TOTIT T T
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Precisio

nProbe vs InfiniiSim

S recisonprove i

What it does

Use model

When to use

Limitation

Characterize cable or probe
quickly/easily and remove
unwanted cable loss or probe
loading with a scope

For simple characterization and

correction without need of a VNA

or a complex simulation SW

For quick and easy Vout/Vin or
Vout/Vsrc correction and probe
iInput impedance measurement

* Only for S21 insertion loss

removal of cable or probe

* No return loss

* Limited bandwidth boost due
to elevated noise floor

KEYSIGHT

TECHMNOLOGIES

De-embedding and waveform
transformation toolset providing
means to render waveform
anywhere in the system link

Very broad- Remove unwanted
channel effect or insert channel
effect, view waveforms in
physically unprobable location,
remove probe loading effect etc

When you have a s-parameter
file or a measurement expertise
and want full 4-port modeling

« Takes extra equipment (VNA,
TDR)
 Takes effort and time

Keysight
‘ Measurement

Forum ‘ Page 55



Feedback?

Keysight
Measurement
Forum

KEYSIGHT

TECHMWOLOGIES

Page 56



TECHMNOLOGIES



