POWER ANALYSIS & EMI DEBUGGING
WITH R&S OSCILLOSCOPE

ROHDE&SCHWARZ
Make ideas real



TOPICS

» Power Integrity

- Choosing the Right Probes
- Floating Measurement

- Power Rail Probe

- Current Probe

Use Cases

vy

EMI Debugging
Q&A

v
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WHY POWER INTEGRITY MATTERS?



POWER ELECTRONICS DESIGN

A. Check sub-circuits and (gate) timing
without DC-Link voltage el

B. Check for FET ratings at nominal DC-Link
voltage

C. Analyze passive components (L,C)

D. Analyze Start-up and load variations,
efficiency, stability
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E. Check environmental — thermal and DC-
link variations

a ML
F. EMI analysis (conducted, radiated)

| KCXT
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Computed I(t)

2 Math functionality

4 FFT performance

High Side High Side Low Side Low Side
Turn On Turn On Turn On Turn Off
Miller
Plateau

~
High Side Vs
Gate-Source Voltage:
Low Side Vgs $Vto 15V
P S
B | DC link voltage, can be
Switch Node Dead Time 1500 V and larger
-
]
———

; 1 Probing

3 Analysis capabilities




MEASURING SIGNALS IN THE CIRCUIT IS NOT EASY

Signal is not easy to reach

There is a lot of noise around

Safety is a concern

Current and voltage signals have different
propagation delay

vvyvyy

» Voltage probing
— Floating measurements
— Understanding common-mode rejection ratio
— Other important probe parameters

Current probing options

Other things to consider

vy
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t chipsets
and design are based
on DC supplies

Ircul

» They rely on the
source stability and
expect them to be
steady and quiet

» Mostc
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POWER INTEGRITY ACROSS ALL INTERFACES

RF
Interface

Rohde & Schwarz



MEASURING VOLTAGE

®

Rohde & Schwarz

Power Analysis & EMI Debugging

(e.g. RT-ZHD07/15/16/60)

/ High-Voltage differential probes\

b-&‘*—.

High-Voltage Passive Probes

o000 \ %
K °8%0 j

| WY S VE— Isolated channel oscilloscopes \

Broadband differential pr?k

S

Standard Passive Probes

o
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COMPENSATE YOUR PASSIVE PROBE BEFORE USE

-

— S — ——

Under-Compensated Signal Properly Compensated Signal
Probe T|p
-y
Scope BNC
Jami ce N\ [
—"\7\ h
1
| Rp i c Scope
| O —— c 1
— c 1 1 MQ
1P o P ot | 9 MQ emp ;! i = R
scope
Over-Compensated Signal !
To maintain probe attenuation ratio

over its rated bandwidth = =
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WHAT ELSE IS IMPORTANT

. "N\ Af:tual
Signal
7

Ringing

Keep Connections short
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MEASURING VOLTAGE

» Basic sub-circuit for inverter, sync buck converter/resonant (LLC) converter, sync boost converter
consists of a so called high-side and low-side switch

V., High-side switch: referenced
J to output voltage

Vout
J Low-side switch: ground
o ®-o referenced

» DC-Offset of high-side switch has to be considered by design of measurement setup

» Floating measurement on high-side switch is necessary

Rohde & Schwarz Power Analysis & EMI Debugging 10



FLOATING MEASUREMENT TECHNIQUES

Oscilloscope

Mains w/o
protective earth

Mains
Connection

Connection . Isolating
Transformer

Oscilloscope

CH2-CH1

Mains

Connection Connection
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FLOATING MEASUREMENT TECHNIQUES

Mains
Connection

Mains
Connection
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FLOATING MEASUREMENT TECHNIQUES

High-Voltage Isolated Channel
_ rloating the Seope Differential Probes Oscilloscope

Safety Dangerous! Very good Very good
Flexibility Limited all channels have Limited, needs two Very good Very good
ground connected channels per signal (limited by max ground
potential rating)
Sensitivity Very good Very good Good Very good
(typ. 50:1 or 100:1) (10:1 attenuation)
Accuracy Very good Not good Very good Very good
Bandwidth Very good Not good Good Very good
(typ. <=200 MHz) (up to 500 MHz)
CMRR Not good Very bad Very good Good
Conclusion Only recommended Not recommended! Generally Recommended
behind safety screen. recommended (with limitations)

Rohde & Schwarz Power Analysis & EMI Debugging 13



WHICH PROBE TO USE

- RT-ZD10 RT-ZHD07/15/16/60 RT-ZH10/11 RT-ZI10/10C/11

C O

-4

Type / Interface Active differential / R&S

Bandwidth 1 GHz

5V (without RT-ZA15)
60 V (with RT-ZA15)

80 dB @ 10 Hz
40 dB @ 10 kHz to 1 MHz

Max. Input Signal

Sl 30 dB @ 1 MHz to 100 MHz
20 dB @ 100 MHz to 1 GHz

Offset Upto50V

DC Voltmeter R&S Probemeter

Rohde & Schwarz

[ —
| SN G E—

2 § X
l T ‘ ‘Q ’\%
0 ) : 83g
Active differential / R&S Passive / BNC
100 MHz / 200 MHz 400 MHz
750 Vpeak to 1000 Vrms
6000 Vpeak 6000 Vpeak
80dB @ DC - 60 Hz N/A
60 dB @ 1 MHz
30 dB @ 100 MHz
Up to 2000 VDC N/A
R&S Probemeter N/A
14
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Passive / BNC
only for R&S®Scope Rider

500 MHz

1000 Vrms
5000 Vpeak

Depends on
measurement scenario

N/A
N/A



NOISY POWER INFLUENCE SIGNAL INTEGRITY

5.0V DC/DC 3 3V Clock Clock Signal
—_—

converter uW aVa W Generator

25V

Clock

Data

Rohde & Schwarz Power Analysis & EMI Debugging

Vee Rlpple /

W - - Threshold Variation

—
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POWER NOISE PROPAGATE TO OTHER CIRCUITS

DC/DC Clock

R 25V DC/DC

12V
J DC/DC
@**WMWWMWWW & converter
| )
18V DC/DC
Mwwﬁwmwﬂm §  converter

converter mwmm‘www Generator
HHEWT)

[AVAVAYAYAW

Clock Signal

Power Supply noise will be distributed

throughout the whole design

Rohde & Schwarz Power Analysis & EMI Debugging 16



POWER NOISE AFFECTING RF PERFORMANCE

Ripple & Noise &
rovel ‘T coupled Signals

> Frequency

f1

DC/DC
converter

vdd Power Amplifier
Gl Module

RF Input

revel ‘ RF Source

P Frequency
f2

Rohde & Schwarz Power Analysis & EMI Debugging

Output with unwanted
Intermodulation Signals

Level

Lode

> Frequenc
fl 2 quency
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CHALLENGES ON MEASURING DC POWER

» Attenuation ratio increases displayed noise
floor of the instrument.

» Limited offset capabilities:

— Vertical resolution is reduced as Offset has Need to measure Scope Measures
to be measured too.

» Decreasing voltage and tolerance levels:

Rail Value Tolerance Need to measure

33V 1%
18V 2%
>
1.2V 2%
1V 1%

PR
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DC ORAC?
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TYPES OF POWER NOISES

» Load step response

Vout A
1 IESReffects
AN A AN N o
\VE3\V/ I v/ v i
DC Qutput T
§ : . R
ime

Time

» PARD (Periodic and Random Disturbances):
- Switching noise
- Ripple Vou
- Transients

tolerance window

— Random noise

Rohde & Schwarz Power Analysis & EMI Debugging 20



LOW VOLTAGE APPROACHES ON DC POWER LINES

\v 10x ‘f;;g ), C,,g
Stig(.jf rd Lo:v_? W 50 Q cable Specialized
(passive) assive (with blocking cap power rail
ppmbe pprobe or AC coupling) probe

Rohde & Schwarz Power Analysis & EMI Debugging 21



MEASUREMENT APPROACH: 10:1 Passive Probe (ZP-10)

50 Q cable
(with blocking cap)

Rohde & Schwarz Power Analysis & EMI Debugging 22



STANDARD 10:1 PASSIVE PROBE WITH ALLIGATOR CLIP

2019-03-25

Diagrami: ch1 &3

Ch1wfml

Meas Results &3

Current Max Min u (Mean) RMS Event count
Meas Group 1

Peak to peak 118.58 mV 158.1mv  79.051 mv 128.13 m¥ 129.26 mV 7916
RMS 3.0755V 3.0801V 16.827 m¥ 661.78 my 1.4112v 7916

Statistics:

Rohde & Schwarz Power Analysis & EMI Debugging 23



STANDARD 10:1 PASSIVE PROBE WITH ALLIGATOR CLIP

2019-03-25
16:59:06

3.1V rail

Max Min  (Mean) RMS Event count

51.383 m¥ 60.17 m¥ 41.502 m¥ 48.033 mV 48.115 m¥ 1017
3.0925¥ 3.0926 ¥ 3.0913 ¥ 3.0919 ¥ 3.0919 ¥ 1017

Rohde & Schwarz Power Analysis & EMI Debugging 24



NOISE IS A FUNCTION OF FULL SCREEN VERTICAL

Rohde & Schwarz

Diagram1: ch1 &3

2019-03-25
16:43:31

Current Max Min u (Mean) RMS
Meas Group 1B

Peak to peak 53.36 mv 61.66 My 46.64 my 52.375 mv 52.428 mv
RMS 3.091v 3.0922 v EXELERY 3.0916 v 3.0916 ¥

B Reset ]

Power Analysis & EMI Debugging

Event count

1012
1012

25



STANDARD 10:1 PASSIVE PROBE WITH GROUND SPRING

2019-03-25
N 17:21:32
. sl 1 T T T T ] ] Horizontal
\ rami: I ] E
E i Mormal
Faazav 1 =

Ground
spring

Min u (Mean)

28.458 my 31621 my 23.32 my 27.989 my 28.021 my
3.0876 ¥ 3.0887 ¥ 3.0869 V 3.088 vV 3.088 v

Rohde & Schwarz Power Analysis & EMI Debugging 26



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

O

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

Rohde & Schwarz Power Analysis & EMI Debugging 27



MEASUREMENT APPROACH: 1:1 Passive Probe (ZP-1X)

50 QO cable
(with blocking cap)

Rohde & Schwarz Power Analysis & EMI Debugging 28



38 MHZ 1:1 PASSIVE PROBE WITH GROUND SPRING (ZP-1X)

Not enough offset, required AC coupling

Ground
spring

Rohde & Schwarz Power Analysis & EMI Debugging 29



1:1 PASSIVE PROBE O

Advantages Disadvantages

» Low cost » Limited BW

» Excellent 1 MQ loading at DC _ 38 MHz for ZP-1X
— preserves expected DC value — under reports V,, measurements

> Ability to scale to 1 mV/div — masks high freq signal coupling

» Easy to connect using browser tip » Limited offset — may require AC coupling
— Ground spring ground alternative » No solder-in alternative

Rohde & Schwarz Power Analysis & EMI Debugging 30



MEASUREMENT APPROACH: 50Q) PATH

Low BW
1:1
passive
probe

Rohde & Schwarz Power Analysis & EMI Debugging 31



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

2019-03-25
18:03:20

Horizontal

Diagrami: Ch3 &J

50Q Pigtail

- =

Min 1 (Mean) RMS o (S-dev)  Eventcount Wave count
1010

Max
1010

1010

Current
1010

425.92 pv

3.8327 mv
555.36 uV

Meas Group 1 [
4.7431mV|  2.7668m¥  3.8089 mV
1.2836 my

Peak to peak 3.1621 my
. RMS 1.708 my 2.3067 m¥V 314.35 pv 1.1573 m¥
Blocking staneres: QTITIND
(~20 MHz)

32
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50Q) PATH

Advantages

» 50 Q scope path typically has less noise
than 1M Q scope path

» SMA connector or solder-in pigtail allows for
measurement consistency and ease of
access

Rohde & Schwarz

Disadvantages

» 50 Q loading at DC reduces power rail
voltage

» Insufficient offset (requires blocking cap or
AC coupling)

— Masks DC drift
— Eliminates ability to see true DC voltage

Power Analysis & EMI Debugging 33



MEASUREMENT APPROACH: 50Q PATH

Low BW Specialized
1:1 power rail
passti)ve probe
probe

Rohde & Schwarz Power Analysis & EMI Debugging 34



POWER RAIL PROBE (RT-ZPR20, RT-ZPR40) O™

Advantages Disadvantages
» Low noise (1:1 attenuation ratio) » Initial investment expense
» Built-in offset » Requires solder-in/SMA for full BW

» Excelling loading at DC
— Power rail retains DC value
» Browser and solder-in connection

Rohde & Schwarz Power Analysis & EMI Debugging 35



LOW VOLTAGE RT-ZPR20/40 POWER RAIL PROBES

» Designed uniquely for Key Specifications
measuring small Attenuation 1:1
perturbations on power rails Probe BW 9 GHz/ 4 GHz
. . Browser BW 350 MHz
» Active, single-ended probe
Dynamic Range 1850 mV
» Low noise with 1:1 attenuation Offset Range > +60V
ploise 107 pV AC
i Scope (RTO) standalone M rms
> Bestin CIaS_S offset . Scope + Probe Noise 120 uV AC,,,
compensation capability fat 1 GHz, Vi)
Input Resistance 50kQ @ DC
R&S ProbeMeter Integrated
Coupling DC or AC

Rohde & Schwarz Power Analysis & EMI Debugging 36



MAKING ACCURATE POWER RAIL MEASUREMENTS

1.  Measurement accuracy
— Minimizing measurement noise
— Sufficient offset (zoom to utilize full scope ADC, seeing DC drift)
— Sufficient BW to capture transients
— Minimal DC loading

RT-ZPR:
Q\ Adds ~10% more noise to RTO/MXO scope measurements)
% +/- 60V offset
e Up to 4 GHz BW to capture high-frequency transients

Input impedance of 50 KQ @ DC

Rohde & Schwarz Power Analysis & EMI Debugging 37



MEASUREMENT ACCURACY:

10:1 1:1 Y%

— v T T — Ty T T

attenuation | 1:1 attenuation

Noise Due to Probe Attenuation Ratio

Rohde & Schwarz Power Analysis & EMI Debugging 38



MEASUREMENT ACCURACY: HIGH BW NEEDED

1:1 ZP1X passive 38 MHz BW 1:1 ZPR20 active 2 GHz BW
Captures high-freq transients

Rohde & Schwarz Power Analysis & EMI Debugging 39



CHALLENGES WITH INSUFFICIENT SCOPE OFFSET

SAEEET®E 0

Scope sh‘bws oV

=== Fi Hori tal | Trigger |Vertical Math  Cursor|Meas Masks Search |Analysis Display | Tutorials e Horizontal | Trigger | Vertical | Math | Cursor Meas | Masks | Search Analysis | Display |Tutorials

Can’t zoom in (1V offset on RTO @ 20 mV/div)————>  Can bring to center screen and zoom in

User can’t tell absolute vertical value
User can’t see DC offset issues

Rohde & Schwarz Power Analysis & EMI Debugging 40



CHALLENGES WITH INSUFFICIENT SCOPE OFFSET
DC Drift @\

DC blocks With ZPR20

see low freq DC changes

Rohde & Schwarz Power Analysis & EMI Debugging 41



USING OFFSET TO USE MOST SENSITIVE VERTICAL SETTING

e ;

Using max built-in scope offset

Using built-in probe offset
)| @k 5 & (o) z ]

B8 =R

pProbeMater 1 <)

EZ 2438 v
2.4V rail

ProbeMeter 1 N x)

F 2438 ¥
2.4V rail

@100 mV/div, Vpp @5 mV/div, Vpp = 42 mV

CEEEEE LR R EE TR

am an 2w 1 q A

Meas Results &

Current +Peak -Peak mu (Avg) RMS stdDey Event count  wave count

Meas Results &

Current +Peak ~Peak mu (Avg) RMS StdDev Event count  Wave count
Meas1 @
Peak to peak 41.502 m¥ 42.292 m¥. 41107 my 41.533 my 41.534 m¥ 170.06 p¥ 15588 15588

Statistics:
888 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials

Meas 1 @
Peak to peak 67.194 my 75.099 my 67.194 my 69.078 my 69111 my 21296 my 644 644

Statistics:
File |Horizontal |Trigger Vertical Math Cursor Meas Masks |Search Analysis Display Tutorlals

Rohde & Schwarz Power Analysis & EMI Debugging 42



MAKING MOST ACCURATE POWER RAIL MEASUREMENTS

2. Frequency domain evaluation of coupling/switching

RT-ZPR + RTO:
4 GHz BW to capture high-frequency transients
Q'\ HW-accelerated FFT
5} Color graded FFTs
(=
RT-ZPR + MXO:

1.5 GHz BW to capture high-frequency transients

Rohde & Schwarz Power Analysis & EMI Debugging 43



FINDING COUPLED SIGNALS

ELLIECELE @@@@EDUESS | s -

Disgrami: chz EJ

,,,,,, T S s D

2.4 GHz coup gle]
1.9 GHz coupling

888 File Horizontal Trigger Vertical Math Cursor Meas Masks Search Analysis Display Tutorials

Switching (low freq FFT) EMI/coupling (high freq FFT)

Rohde & Schwarz Power Analysis & EMI Debugging 44



MAKING MOST ACCURATE POWER RAIL MEASUREMENTS

2. Frequency domain evaluation of coupling/switching
3. Time required to find worst-case violations

RT-ZPR + RTO:
Up to 1 Mio wfms/s
@\\ Measurements with statistics
<7(}, RT-ZPR + MXO:

Up to 4.5 Mio wfms/s
Measurements with statistics

Rohde & Schwarz Power Analysis & EMI Debugging 45



FIND WORSE-CASE VIOLATIONS FASTER

ﬁ 2017-01-10 HD
05:20:47 [ =N

Performance Performance_

Acauisition per frame ) Rk T Acuulsition per frame
Acquisition per second 1 Acquisition per second

| Time per frame . : 1 Tirme ger frame

Current +Peak peak mu (Ava) RMS. StdDey Event count  Wave count fdi ol Peak mu (Avg) RMS StdDev Event count  Wave count
Meas 1 @ Meas 1 @
Peak to peak A3.992 37.549 v LBSAmY | 32.646mY 3Z717mY| 21451 my 3a1 aa1 Peak to peak Eanei 26 S a0 0 220 il 7048 7048

Statistics:

Statistics:

File Horizontal Trigger |Vertical Math Cursor Meas Masks |Search Analysis Display Tutorials

< 500 Vpp measurements in 5 seconds

Rohde & Schwarz



DIFFERENT SETUP COULD HAVE DISTINCTIVE RESULTS

\
Q \ O '\ ' ) 4 @

Q 10x v 1x

& o
Stancljard LOW_ BW 50 Q cable Specialized
10:1 1:1 : ) .
(with blocking cap power rail

(passive) passive

orobe probe or AC coupling) probe

5 A ] A A A
\ o ’\___ \_\/.___‘.'.“.:\__ \ f“"‘."_‘-“'\— \ | [\ ’-__‘Lr\'_—_ \ V‘-_‘-M‘M \ V___,V,/\..-_- \yitinf |

- Pk-Pk:406mV _ RMS;5.022V

- Pk-Pk:223mV  RMS:5.022V |

Rohde & Schwarz Power Analysis & EMI Debugging 47



UNDERSTANDING THE DIFFERENCES

| 4

\ - (‘;’u
o
Standard Low BW o
10-1 11 50 Q cable Specialized
¥ " (with blocking cap power rail
(passive) passive ;
or AC coupling) probe
probe probe
rv’ Noisy 4 Low noise _x Low noise Low noise
xl 1MQ DC loading I TMQ DC loading I 50 Q loading 50 K< loading
Limited BW Limited BW Inability to see drift High BW

Limited scaling

Limited offset

Inability to see DC value

Built-in offset

- Pk-Pk:406 mV  RMS;5.022V Pk-Pk: 230 mV

Pk-Pk:223mV  RMS:5.022V |

Rohde & Schwarz Power Analysis & EMI Debugging 48



CURRENT MEASUREMENT

Clamp-on probes m Rogowski probes

Photo: Curtesy PEM UK Ltd.

Rohde & Schwarz Power Analysis & EMI Debugging 49



CURRENT MEASUREMENTS PROBE TYPES
_________| Clamponprobes | _ Shuntresistors | Rogowski Probes _

Bandwidth

Current range

DC measurement

Important
advantages

Important
drawbacks

Typ. applications

Rohde & Schwarz

~120 MHz (5 A range)

~20 kHz (~1000 A range)

(depends on current range)

~5 A (120 MHz)

~1000 A (20 kHz)
(depends on bandwidth)

Yes

DC measurement capability
Easy “clamp-on” measurement

Extra space needed, adds loop-
inductance

Derating of maximum current
with measurement frequency

All kind of general purpose
current measurement

Up to ~GHz

Depends on shunt-value
(typically limited by max. Energy per

current pulse)

Yes

Very high bandwidth

Design-in needed
Fixed measurement range
Limited maximum thermal load

Switching analysis (double-pulse
test)

Power Analysis & EMI Debugging

50

~50 MHz

~A to ~kA

No

High bandwidth at high current
Easy “wrap-around”
measurement (little space
needed)

No DC measurement

Noise sensitivity

Accuracy depends on position
of conductor in loop

Switching analysis
Motor drives



LOTS OF PROBES FOR DIFFERENT APPLICATIONS

— - // hY
/ ‘vﬁ”" \
Ry,

A

7\

L Y
-

%,

4 Dl i )

N\ .
N s
‘ A O\ %
Ry,
T

RT-zP11 © RT-ZP1X . g |
10:1 700 MHz passive 1:1 38MHz passive Power rail
>
General Specialty
purpose (application focus)
Rohde & Schwarz

Power Analysis & EMI Debugging
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MATH FUNCTIONALITY



PROBING TECHNIQUES: WHY DESKEWING?

» Measuring Switching Loss

Positive voltage vs current pulse skew Negative voltage vs current pulse skew Deskewed, accurate measurement
Power measurement too low Power measurement too high
] [

—\ / —1d(t) \ —1d(t) \ / —d(t)
\\ / — Vds(t) — Vds(t) \ — Vds(t)

\
— Vds(t) x Id(t) / \ // \ — Vds(t) x Id(t)

— Vds(t) x 1d(t)

- Deskewing with reference voltage and current pulses
is essential for accurate power measurements

Rohde & Schwarz Power Analysis & EMI Debugging 53



USE CASE: RIPPLE MEASUREMENT

agram2: Ch1

i ProbeMeter 1 Il %
EW 993 mv

3ps
ProbeMeter 2 ([ %)
F 966 my

""M it i ™ " L ﬂm""‘h; i i i "
T T TR T e T T ™
[ "n!‘\\q"“ﬁ“ 'hr‘h"lw.“‘ MMK \'h:'iwﬂﬂl \'-I wﬂ .I“w"'\ﬂﬂlllm "f‘wl“ NWI'

!‘-w”." " " ,ﬂﬂ‘-

Meas Results ol

Current +Peak -Peak mu (Avg) RMS StdDev Event count  Wave count

mMeas 1B

Peak to peak
Statistics:

5.336 m¥ 8.8933 m¥ 4.5455 mV 5.2829 mv 5.3088 mV 523.92 nv 6126 6126

Rohde & Schwarz Power Analysis & EMI Debugging

o RGELER
H Ed

2017-04-21
09:42:48

60A Load

>6000 waveforms captured in
a few seconds

We can easily measure a

9 mV pp Ripple sitting on the
FPGA power supply

54



USE CASE: CURRENT IN PARALLELED MOSFETS

Current is known to be
zero in this interval

» Advanced Math capabilities:

14:56:08

- Gates measurement used to
,calibrate“ DC value of
measurement results with
Rogowski probe

Sum current through
two parallel MOSFETS

Individual currents through
each MOSFET

Rohde & Schwarz Power Analysis & EMI Debugging 55



USE CASE: START-UP BEHAVIOR ANALYSIS

100 Hz Ripple
Example: Resonant Converter from DC-Link

2018-02-05

R4 » Deep memory:

-~ 160 ms Startup-Phase
in this Example

Sta rtUp-PhaSG‘ put Yoltage / Current: Ch2,Ch3 &d
with non-continuous /
operation

] » High sampling
Frequency vs Tim e rate:

— Rise time ~100ns

s | Half-Bridge-Outp - _
: ’ : » Advanced analysis
Fr | N al rlg: unu oom: . NEETINTIN .‘..U..“. ARRRRRRL ‘-n--\\nx ‘““.“-H ‘...‘.u. . ......\.. ) .\\-\.‘-m” ‘....u... s z 5 - | capabilities:

— Track functionality

Zoom

Inactivity phases
during startup

Rohde & Schwarz Power Analysis & EMI Debugging 56



BODE PLOTS WITH OSCILLOSCOPES

1. Internal signal generator provides
swept stimulus (enables generator
even is user hasn’t purchased

OSCiHOSCOPG generator license)
/V\A/V\A/ 2. Scope measures V,,and V_
amplitudes and phase at each

frequency
3. Scope calculates and plots gain
(logarithmically) and phase (linearly)

Generator

S

Rohde & Schwarz Power Analysis & EMI Debugging 57
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e = n 01000 8:8 o6 60 66
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USE CASE: CONTROL LOOP STABILITY

il n’uw'lﬁm a‘;ﬁ",! DR | e

i |
Tlme Domaln = Measured points

Log Scale = S S—
Amplitude Gain/Phase
= T A Margin
. Z S Apiiide ] =i
» Flexible tools for: e 106 o=
— Frequency response, S21
— Control loop response All-in-one tool analytic tool and future enhancements
— Power supply rejection ratio for immpedance & lower start frequency

Rohde & Schwarz Power Analysis & EMI Debugging 58



INSTRUMENT NOISE



WHAT IS EMC?

Conducted EMI _l
— { r 1
Radiated EMI [ | i

_ T -

Rohde & Schwarz Power Analysis & EMI Debugging 60



EMI TESTS IN SUMMARY

CISPR 14
CISPR 11 HOUSEHOLD CISPR 15 CISPR 32

ISM EQUIPMENT LIGHTINGS MUTLIMEDIA EMC

CONDUCTED EMI
(MAINS PORTS) V V V V

CONDUCTED EMI
(TELECOM PORTS) V

\\
N
N

RADIATED EMI (MAGNETIC FIELD)

<
N
<
<

RADIATED EMI (ELECTRIC FIELD)

POWER DISTURBANCE V
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THE DRIVE FOR WIDE BAND-GAP MATERIAL

High Power

High Speed

Silicon Carbide
» High power voltages (>1kV)
» Industrial applications

Gallium Nitrite

» Mid-range power (<1kV), high current (>100A)
» Limited form-factor

Frequency (Hz)

1k 10k 100k 1M 10 M 100 M
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IMPACT OF FASTER SWITCHING AND STEEP EDGES ON EMI

T |

16kHz Square wave 16kHz Square wave
with 1us rise/fall time ~ with 10ns rise/fall time

Frequency Domain /

B 4
-10
200 500 1000 2000

-20
-30

-40

Fundamental (16kHz)

3rd Harmonic of 16kHz
5th Harmonic of 16kHz
7th Harmonic of 16kHz

higher levels

-50

|| | || High frequency Harmonics come with

kHz
20 50

—_
o
o
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EMI DEBUGGING WITH SCOPE IS NOT NEW?!

You(@m* emi debugging + En embedded
S I a cracking the code to systems development

Fitrs + b 613 ke

Design Centre ¥  News Centre  ProductCentre Resource Centre Webcasts

Path: EDN Asia >> Design Centre >> Test & >0 for EMI debugging? Really? (Part 1)

Test & Measurement Share | | Print

Oscilloscope for EMI debugging? Really? (Part 1)

31 May 2013 | Alvin Ding, Markus Herdin

Share this page with your friends

with the availability of high-performance oscilloscopes providing powerful FFT analysis and excellent noise
performance, a new tool exists for debugaing EMI problems. Based on the results from compliance testing, the

oscilloscope proves to be a valuable tool to quickly understand unwanted emissions and identify their root
cause. Having access to both time-domain and frequency-domain, in the same instrument, allows for faster
analysis of unwanted emissions. Since the esciloscope is usually available at the desk of the design engineer,
it enables debugging of EMI problems in R&D and allows tests before going to the ENC lab, thereby
significantly increasing the likelinood of a successiul compliance test
This is the first in a series that discusses various use cases and highlights limitations of high-performance
with powerful FFT for EMI
New digital oscilloscopes, such as the Rohde & Schwarz RTO, which we will use in this use-case analysis,
bring EMI debugging capabilities directly onto the desk of the design engineer. This model offers front-end
sensitivity that compares with spectrum analysers and allows simultaneous access to both the time domain
and the frequency domain.

EMI Debugging

Ronde Schw

#76: Debug Transient EMI signal with a
Mixed Domain Oscilloscope MDO4000
2

#24: Transient EMI Debug using Tektronix
MDO04000 Mixed Domain Oscilloscope

inEFI This

#27: Board level EMI Debug with a Real Time
Spectrum Analyzer

pidenify and debug

EMI Debugging using R&S RTO oscilloscope

Maksym Garbu

tand uniau
g and debuggi

Better instruments progressively changes debug methodologies

Rohde & Schwarz Power Analysis & EMI Debugging

E DEVELOPMENT ESSENTIALS & EDUCATION ~ [ COMMUNITY

- ]

ARCHIVES

Practical EMI troubleshooting
with a mixed domain oscilloscope

DECEMBER 29, 2013

Modern embedded system designs present challenges for EMI testing and
troubleshooting that didn't exist years ago. These challenges include switching power
supplies, high speed system clocks and data buses, bursty information transfers.
transmission line and termination issues, and spread spectrum clocking, as well as the
integration of wireless interfaces and connectivity. Adding to the challenge is that most of
these technologies can lead to issues that are transient, load dependent, and highly
variable over time.

With budgets and time pressures greater than ever, it's critical that designers working on
embedded systems test for potential EM issues and head them off as early in the design
process as possible. Traditional tools often are not adequate to identify the source of EMI
problems in today’s electronics. Fortunately. the combination of a practical approach to
testing and new tools like the mixed domain oscilloscope (MDO) help eliminate
guesswork. An MDO incorporates a wideband spectrum analyzer along with a traditional
mixed signal oscilloscope: helping to make troubleshooting transient RF and EMI signals
faster and more efficient
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EMI DEBUGGING WITH OSCILLOSCOPES?

» Available on every R&D engineers desk Concent g - - -
‘ L e

» Oscilloscopes show both time and e b Conplnc
frequency domain B — ) ¢ S
: =
» Today’s oscilloscopes provide excellent 2 [ D ot
sensitivity and usability S e 1.

Frequency domain
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EMC APPLICATION FIELDS OF OSCILLOSCOPES

EMS

M [preling Condgztt?l?gzril;lgsmns HUU Whlerianig Burst szlisb[:;atEig ?nEdSD Tests

T B
A . . el
IN L
T Ex i“:lg.r::w Seraened chamber
N ~y " . 2
ML L T (S H+m =
'LISN -
? s lapedece [ e B
_ network) _ ;I:Le.
= Ground bonded to chamber and to supply safety ‘serth’ :7- Fi;:dFeedl:::l
» EUT Monitoring » Burst calibration
» ESD testing
In R&D In the test lab
Rohde & Schwarz
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TEST RECEIVER VS OSCILLOSCOPE

Scan spectral energy for fixed duration Time domain captured calculated FFT spectrum

Using different band-limited detectors Wideband capture with limited ADC sensitivity

Log scale display with limit lines Typically linear spectrum display

Right tool and compliant to standard Companion for early debug testing
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TRADITIONAL FFT CALCULATION IS SLOW

Conventional
Oscilloscopes

f, = start freq

HW or SW

S f,= stop freq I Display
Record length H — f
Data Acquisition FFT SW Zoom FFT Calculation

» Calculate FFT over entire acquisition

» Conventional Scope usually acquire one RL and reconstruct FFT then go on to acquire the next RL to
compute the next FFT = Missing sporadic event

Disadvantages of conventional FFT :

» Very slow speed / update rate
1stacq | N———p— ‘ 2" acq \ —y— | 37acq » Limited RBW due to insufficient RL
FET 1 Blind Time FET 2 Blind Time FFT 2 » Complex configuration (TD settings)
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R&S MODERN OSCILLOSCOPE SPEEDING UP FFT

» Calculate only FFT over span of interest

>

Record length

Data Acquisition

Down Mixing

fc = center frequency of FFT

Rohde & Schwarz

f, = start freq

HW or SW
processing

SW Zoom

Power Analysis & EMI Debugging

f,= stop freq

Advantages of R&S approach:

» Higher speed / update rate

» Good RBW without magnification

» Flexible configuration

» Multiple overlapping FFT able to find
spurious faults
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MODERN SCOPE FFT CAPABILITIES

RTM3004; 1335.8794K04; 100899 (Beta 01.420 2019-01-22)

« m / Lt y & " ) Auto 4369 ps/ Complete
Waterfall diagram ! ; Time-frequency
helps to show short 1) s ' (AL L correlation of emissions

emissions
Range: 27s t1: 500.053 ms t2:

dBUV Scaling ||ke in | | Stt-Jp: Center: 500 MHz ~ Span: 1 GHz RBW/: 151 kHz \W: 25.48 ps

EMI measurements

ﬂMW& i 1

Color coding display Directly set.start, stop.
for better visibility and resolution bandwidth
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EMI DEBUGGING WITH OSCILLOSCOPES

Radiated Emission Conducted Emission
Debugging after failed Pre-Compliance or Compliance Pre-test and debugging in the R&D lab
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COMMON EMI DEBUGGING PROCEDURE : ANALYSIS STEPS

A) Far-field measurement C) Reference measurement without DUT

ESsijiiimmroi
‘-\""’M”WMN- g

D) Interferer current

B) “Know your DUT*: measurement to find
List of potential interferer sources out the coupling type
Clock frequency e.g. 25 MHz + Multiples
Ethernet PHY e.g. 125 MHz + Multiples E) Nearfield probe
;/g;t;tgeer converter / power broadband to localize the interferer

source

F) Applying counter-measures and validation
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EXTRA CREDIT: WHAT’S CAUSING PERIODIC RAIL SPIKES?

2019-03-25
20:33:51

, R I |

Adjust timebase to 4 ms / div

T2 Ch1wfml [>)

T e Sy

\
\
\
\
I
\
\
\
\
\
‘
|

\

\

\

i1
\

o
X1 -11,5915912ms
X2 ms

AX 13.5915912ms
1/AX 73.57490.. Hz

},
},
i_
|
i
i,
{
o

Current Max Min 1 (Mean) RMS o(S-dev)  Eventcount Wave count
Meas Group 2

Peak to peak 14.229 mv 15.217 mv 10.277 mv 12.347 mv 12.394 mv 1.0879 mv 228 228
RMS 3.2053 ¥ 3.2054 ¥ 3205V 3.2052 v 3.2052 ¥ 7571 pv 228 228

Rohde & Schwarz Power Analysis & EMI Debugging 73



POWER RAIL PEAKING CORRESPONDS TO I)C PACKETS

2019-03-25
20:41:30

Attach to 12C signals

il s |

Cursor Result 1 &3
-11.6249648 ms Y1
-76.6768us Y2

AX 11.548288 ms  AY
1/AX 86.59292..Hz AY/AX 77.934 V*Hz

Meas Results &3
Current Min u (Mean) RMS o (S-dev) Event count Wave count

Meas Group 2

Peak to peak 13.834 mV 13.834 mV 13.834 mv 13.834 mv 13.834 mv ov 1
RMS 3.206 ¥ 3.206 ¥ 3.206 V 3.206 V 3.206 v ov 1
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FFT ON POWER RAIL SHOW 10 MHZ AND HARMONIC TONES

2019-03-25
20:40:15

Horizontal
=)

by o g e o

a6
ffl Diagramz: M4 &3

Current Max Min Mean} RMS o (S-dev) Event count Wave count

4]
Meas Group 2 E‘
M

Peak to peak 12.055 my 13.043 my 10.87 my 11.364 mv 11.387 m¥ 783.42 pv 8 8
R! 3.2062 ¥ 3.2062 v 3.2061 v 3.2062 ¥ 3.2062 ¥ 44.368 pv 8 8
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NEAR FIELD PROBE (HZ-15)

2019-03-25
20:58:05

=i ! ! ! ! ! ! Horizontal
Diagram1: chz &3 T bl

Chi¥fm1 [=<)

] Ch2Wfm1 =)

Diagram2: M4 &3

Current u (Mean) o (S-dev)  Eventcount Wave count
Meas Group 1 [
Frequency 57.803 MHz
Meas Group 2 [0

10 MHz EMI.... coming from 10 MHz oscillator
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EMI PRECOMPLIANCE APPLICATION

R R
E 3 E E @ co QsewpRI0 [5] Traces - raph [ Sereen

ISN testing ENS5011 @ me(]&lmcmnh

e beee recamees o

LR W=

/ % Hy0 Y
Aok S'JM' = V\ | |J” \ Digital Fter & Decimaion
- - i
Transducer Faciors
Single TD Vaiue
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R&S OSCILLOSCOPE USP ON EMI DEBUGGING TECHNIQUES

Hardware Specifications DDC, HW-based FFT, 1 mV/div at full BW, high ENOB, Acquisition bandwidth

. Time domain .
High speed FFT Digital trigger system Multi-traces

VILLESIEE S AT Serial and parallel bus trigger CElicelIFR
(Overlay of multi-channels FFT) M paratiel 99 Correlated time and freq. domain
ask violation
Overlapped FFT Sampled memory
Real time FFT Frequency domain (Post analysis)
Intensity grading display q y History mode

Mask violation
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MXO4 SPECIFICATIONS AT A GLANCE

MXO 4 Series Key Specifications

Channels 4

, 200, 350 & 500 MHz,
Bandwidth 1815* GHz
Max. Sample Rate 5 GSals

400 Mpts / channel

AecotL RN (option: 800 Mpts on 2 ch)
Vertical resolution 12 bit ADC, up to 18 bit
Acquisition rate 4.5 Mwfm/s

: * MSO 16 ch
SUCRHCHS 2 ch 100 MHz generator
Display 13.3“ Full HD

- 0S Linux

*interleaved

Rohde & Schwarz Power Analysis & EMI Debugging 79



WORLD’S FASTEST UPDATE RATE & TRIGGER RATE

n— » New R&S ASIC technology
World’s Fastest Scope .
D o - 4.5 M wfms/s - 4.5 M wfms/s (not a special mode)
- ’ - 100% trigger captures up to 4.5 M events/sec
— Trigger re-arm time < 21 ns
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CAPTURE MORE TIME

» 400 Mpts / ch
» Optional 800 Mpts (interleaved)

Total capture of 400 ms

0s
R I

PLEb e Ll by
LR R Py b

Deepest Standard Memory
400 Mpts IR

et o VTR I I

Fast sampling rate even with slow timebase 1 Mpoint memory 800 Mpoint memory
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SEE YOUR SIGNALS ACCURATELY

Industry highest » 12-bit ADC all the time

18 bit architecture - e~ » 18-bit architecture (with HD mode)

12 bit ADC all sample rate

% LS
e W v
RO R

Typical vertical resolution
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OSCILLOSCOPES FOR POWER ELECTRONICS

WHICH R&S OSCILLOSCOPE TO USE
I T 7 B 7 S

' L ;

w0 @0dd

|I_ - ml

Bandwidth * 60 MHz to 500 MHz * 100 MHz to 1 GHz * 100 MHz to 1.5 GHz * 200 MHz to 6 GHz

* Passive * Full probe portfolio available * Full probe portfolio available * Full probe portfolio available
Probes * Battery operated or with external

power supply

* Isolated channels » Deep memory * Deep memory * Advanced measurement and

* Harmonic analysis * Power analysis * Power analysis analysis functions
Important * Battery operated » EMI debugging » EMI debugging * Very deep memory
Features » 10 Bit ADC » 10 Bit ADC * 12 Bit ADC (18 Bit HD Mode) » EMI debugging

+ 16 Bit HD Mode
* Excellent signal fidelity

» Performance & Efficiency
+ EMI Debugging

Application * Performance & Efficiency * Performance & Efficiency
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