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Understanding Power

1240/120v AC

240/120V AC

Large Motors Small Motors

124V DC l 12v DC
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Power Solutions : Hardware

« |[SOVu Isolation Probe(TIVP)
« Power Rail Probe(TPR)
* 6 Series B MSO Oscilloscope



Elements of a Complete Power Solution

Best in Class Acquisition System
o Oscilloscope

T
| N ﬁﬁﬁﬁﬁﬁﬁ'.
Best In Class Probing capability = = - -

o Ability to meet new design needs

Automated Application Software
o Ease of Use

o Repeatable

o Report

Complete Solution




All Great Measurements Start With Probing

« Choose adequate bandwidth for your signal

« Differential / Single-ended probes (ground
referenced or not)

« Make sure probe is within its voltage operating
range (safety!!)

 Low probe loading to reduce effects on circuit THDPO100 (+ 6000 V / + 6000 V, 100 MHZ) TCPOO30A (1mA to 30 A, 120 MHZ)

« A probe that communicates to your scope ensures
probe parameters are automatically captured

« Differential/Floating measurements measure the
difference in voltage between two nodes

o Method 1: Floating the Scope (DO NOT DO THIS!)

> Method 2: Use two single-ended probes and scope math (CH1-
CH2) to measure the difference

o Method 3: Using an isolated input and an isolated probe. ,
° MethOd 4: USlng a dlﬁerentlal probe/ampllfler TIVP (+/- 3300V, < 60kV, 1 GHz) TPR4000 (<300uV Noise(20MHz, MSO6B), 4 GHz)




Wideband GAP devices getting into designs

Silicon 'Dual
Channel
MoSFET

—

Silicon Carbide Chip

100K

10K

1K

100

10

10 100 1K 10K 100K 1M 10M
Operating frequency(Hz)

SiC for high power
voltages (>1kV ) with high
current

= niche market

GaN on Si for high

frequency at midrange voltages
(<1KkV, up to 100A)

= mass market

* elecronicsweekly.com




New PrObing Cha”enges: Wide Bandgap Measurements

* Violation of specifications can lead to simultaneous conduction (it blows up), switch
loss, loss of efficiency, and device degradation

 Parasitic coupling between switch node and both FETs
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New Probing Challenges

* [soVu gives you an accurate, repeatable measurement providing meaningful correlation
with expected performance - . |

IsoVu rejects common :_

mode interference, so

~ you can see the true

Expected Simulation
Results

P 1.00v @ J{10.0ns | |"'5.00(:5/s | | @ - 2.0 V]
\m+>29.50000ns |10k points | [




The Measurement Problem
CMRR IS ACRITICAL BUT OFTEN OVERLOOKED SPECIFICATION

Can a 5V differential signal be measured in the presence of 100V common mode signal?

105V\ SV L1 I @
\ 100 V
100 V —

— V

It depends on how much common mode error is in your measurement.
A probe’s common mode rejection varies by:
= Magnitude of the common mode signal.

= = Freguency content of the common mode signal.

Difference
Amplifier




IsoVu Solves the Common Mode Problem
MOST PROBES HAVE VERY POOR CMRR ABOVE A FEW MHZ

105v\
\ 100 V
5V

At 100 MHz, most probes have 20 dB or less
common mode rejection. This is 10:1 common
mode rejection.
« With 100 V common mode voltage, 20 dB or (10:1)
common mode rejection is:
100 V divided by 10 - 10 V error

You can’t resolve 5V with 10V of error

IsoVu has 120 dB or 1 Million to 1 common mode
rejection at 100 MHz

100 V divided by 1 Million - 100 uV error




IsoVu Gen 2 1s 80% Smaller

Gen 1 TIVH Series
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TIVP vs. TIVH ) > 4

COMPARISON FACT SHEET

Key Specifications Comparison

Tektronix M Tektronix

TIVP TIVH
Applications High Side Vg, High Side Vg,
PP Wide Bandgap (GaN and SiC) characterization, SMPS optimization Wide Bandgap (GaN and SiC) characterization, SMPS optimization
. 200 MHz,
Bandwidth 500 MHz, 1 GHz 200 MHz, 500 MHz, 800 MHz
Risetime 450ps, 850ps, 2ns 450ps, 850ps, 2ns
CMRR @DC 160 dB 160 dB
CMRR @100 MHz 100 dB 100 dB
. Adjustable by Variable Gain. Adjustable by Tip Attenuation.
Diff. Voltage Range up to 3.3kv* up to +2.5kV
CM. Voltage Range +60kV +60kV
Offset Voltage Range 12.5kV 12.5kV
Noise (200mV — 3V measurements) 41.8mV,, 79.8mV,,
DC Gain Accuracy <2% 3%
Input Impedance 10 MQ || 3 pF 10 MQ || 2 pF
Tips Required from 0V — 2500V 4 7
Temperature Range 0°C - 50°C (Probe head) 0°C - 70°C (Probe head)
P 9 0°C - 85°C (Probe tip cable) 0°C - 85°C (Probe tip cable)

All TekVPI Oscilloscopes

Oscilloscope Compatibility 4/5/6 Series MSO only (including 4/5/6 Series MSO)




Digital Power Management

12Vdc

HIGH-PERFORMANCE SYSTEMS EVERYWHERE

: i Digital Power
Management
o Processors, GPUs, SoCs, FPGAs

« Typical systems nowadays
33Vde 18Vdc L1L5Vdc 11Vdc

[e]

SerDes — High-speed data
Lots of power rails

[e]

[e]

Efficiency and heat management

[e]

Point of load power regulation and digital power management

Server, CPU Motherboard,
Mobile/Handheld Device,
or Embedded System

 Power integrity affected by noise

o Noise sources on power rails (frequencies can be quite high)
= Cross talk from data signals, Coupling from clocks, Power supply switching noise (and harmonics)
o What happens if power rails are noisy?
= Jitter — bit errors, other reasons
o Driving power rail specifications that require high accuracy ripple measurements




If not Passive probes, then what?
LARGER OFFSET VOLTAGE, WIDER DYNAMIC RANGE

o Both the cars can go fast, but if you are looking for
* Aspecialized probe focused around Power racing on a track, which one would you prefer?

Integrity testing Why?

Scope allows full bandwidth up to the probe
bandwidth

60V DC maximum offset
1Vpk maximum AC signal
DC level displayed on scope

« Optimized for racing

« Better Aerodynamics

« Wider Tyres

« Lighter weight

 Fits only the race driver

You probably wouldn’t buy
this car for daily commute!




Power-Rall Probe vs. Passive Probes
WHAT POWER-RAIL PROBES SHOW THAT CAN’'T BE SEEN WITH PASSIVE PROBES

Ripple on 3.3V Rail with Power-Rail Probe Ripple on 3.3V Rail with TPP1000 Passive Probe

(Using 1GHz Bandwidth Limit & 6 Series Oscilloscope) (Using 1GHz Bandwidth Limit & 6 Series Oscilloscope)




Power-Rail Probe vs. Passive Probes

Ripple on 3.3V Rail with Power-Rail Probe Ripple on 3.3V Rail with TPP1000 Passive Probe

(Using 20MHz Bandwidth Limit & 6 Series Oscilloscope) (Using 20MHz Bandwidth Limit & 6 Series Oscilloscope)

a4 AV =6.66mV

Larger Ripple 1= BAVEIImU Larger Ripple
, o W
2 p
A '“\\wwﬁ \\ .

AV =1.0mV




Introducing The Power-Ralil Probes
LARGER OFFSET VOLTAGE, WIDER DYNAMIC RANGE

Specifications TPR1000 TPR4000
Bandwidth 1 GHz 4 GHz
Offset Voltage Range +60V
Dynamic Range 1V
Input Resistance 50KQ DC, 50Q AC
Input Coupling DC, LF Reject
Accuracy 1mV

<300V peak-To-peak (With 20MHz Bandwidth Limit)
System Noise <1.3MVpeak-To-peak (At Full Bandwidth of Scope)
(With 6 Series Scopes) Note:

With grounded input, set to maximum sensitivity of 1.3mV/Div

Attenuation 1.25x
Connectivity & Accessories New Browser, Solder-In & Snap-On

Note: Specifications are estimated and may change without notice




6 Series B MSO

POWER INTEGRITY SOLUTION AVAILABLE AT THE LAUNCH!

6 Series MSO
Bandwidth 1 GHz, 2.5 GHz, 4 GHz, 6 GHz, 8 GHz, 10 GHz
FlexChannels 4 6 8
Anal0g Sample Rate (a” Channels) (Supports uzpstociOSCIESHz on all ch) (Supports]ﬁ.ti 5GGSI-{zSon >4 ch)
Analog Sample Rate (4 channels) 25 GS/s (Supports up to 10 GHz on 4 ch)
Analog Sample Rate ( 2 channels) 50 GS/s (Supports up to 10 GHz on 2 ch)
Maximum Digital Channels 32 (opt.) 48 (opt.) 64 (opt.)

Digital Sample Rate 25 GS/s
Record length standard (all ch) 625 M

Record length optional (all ch 125 M, 250 M, 500 M, or 1 G
Waveform Capture Rate >500,000 wfms/s
Arbitrary / Function Generator 50 MHz w/ 128 k Arbitrary memory (opt.)

D 4-bit DCRMS, ACRMS, AC+DC (free with product registration)

Closed Embedded O/S (standard) on removable SSD
Open Windows 10 O/S (opt.) on removable SSD

Display 15.6 inch HD (1920 x 1080) capacitive touch

N

<
<

Operating System

T8&

&a




System and Probe Noise Combo

Tektronix

File Edit Utility Help
E =] Add New...

Waveform View )]
2 Cursors Note

Baseline Noise: .

Results
Table | | Plot

Meas 1 L]

Peak-to-Peak
' 466.2 pV

Meas 2 2]
Peak-to-Peak
" 662.1 pV
Meas 4
' 50.05 vV

" 67.14 uV

MSO6 Channel:

MSO6 + TPR1000:

Ch1 ch2 —_— — Horizontal Trigger Acquisition
125mV/... | 125 mvr... Add Add 16 ps/div 160 ps / Manual, Analyze
500 500 Lpind RYAIRECAL IR R: 125 Gs's 80 ps/pt sample: 12 bits
1GHz ] 1GHz ™ RL:2 Mpts ¥ 50% Single: 100 /100

Figure 5. Channel 1 (yellow trace) is an oscilloscope channel with no input while channel 2 (blue trace) is a TPR1000 with its
input shorted. Notice that at 1 GHz bandwidth the probe is only adding 17 pV of noise to the oscilloscope input.




Vertical Resolution Matters

« 12-bit analog-digital converter (ADC)
delivers 16 times the resolution of
conventional 8-bit ADC

* High Res mode delivers up to 16 bits of
vertical resolution for finer view of lower
frequency signals

« Aunique DSP filter is applied at each
sample rate. It limits bandwidth and thus,
noise, providing a more accurate view of the
signal

12-bits

* Next generation front end amplifier reduces
noise to help resolve small signal details

« ~4.5 dB lower noise from previous
generation oscilloscopes




Power Solutions : Software

« Advanced Power Measurements(4/5/6-PWR)
« 3-Phase Analysis(IMDA)



Power Measurement Automation

Automation gives the user application expertise

o Algorithms and measurement techniques are automatically selected
o Includes test limits for relevant industry standards

o Simplifies probe deskew

Automation ensures optimum setup for measurements

o Automatically sets vertical scales, offsets, bandwidth limits, and triggering

o Automatically sets horizontal scale, sample rate, and record length

o Automatically selects acquisition mode (High Res), measurement thresholds, cursor gating

Automation ensures consistent measurement technique

o The application executes the same steps,
in single-shot and repetitive operation

Automation enables efficient documentation of measurement results
o Create reports easily




Power Measurements & Challenges

Typical SMPS Circuit

Input Filter

Line Voltage

Switch

Transformer  Rectifier & Filter

T I
A T

®

Vour
ll ;

1

3

Control Circuit

Feedback

= Input/ACPower = Active Components (Switch) * Magnetic Analysis =

— Current /Voltage L — Magnetic Loss
Harmonics — Switching Loss — Magnetic

— Power Quality — Safe Operating Area Property

— Inrush Current _ d/dt — Inductance

— Input Capacitance - lvs. |V

— RDSon

AC to DC Converter

Output DC Voltage

ACtoDC |

DC to DC
Converter(s)

Converter I

Ripple
Efficiency
Turn on Time
Turn off Time

Designers need the ability to access multiple test points and analyze them
simultaneously to ensure quicker validation/testing cycles to meet faster GTM need.

Frequency response

Analysis
— Control Loop
response(Bode Plot)

— Power Supply
Rejection Ratio
(PSRR)

— Impedance

T



Advanced Power Measurements
OPTION 4/5/6-PWR

 Input Analysis « Magnetic Analysis « Qutput Analysis
« Power Quality « Magnetic Loss « Line Ripple
« Harmonics « Magnetic Property « Switching Ripple
« No standard * Inductance  Efficiency
* |IEC61000-3-2 * lvs. |V « Turn on Time
y XI:ALSTD'B% « Timing Analysis * Turn off Time
. DO-160 * Period « Frequency Response Analysis
« Inrush Current » Frequency « Control Loop response
+ Input Capacitance . P05|t|\(e Duty Cycle (Bode plot) o |
* Negative Duty Cycle » Power Supply Rejection Ratio
_ _ * Positive Pulse Width (PSRR)
« Amplitude Analysis . Negative Pulse Width - Impedance

* Cycle Amplitude,
» Cycle Top
* Cycle Base

« Switching Analysis

« Switching Loss

- SOA
+ Cycle Peak-to-Peak . dv/dt
* Cycle Maximum « di/dt
+ Cycle Minimum « RDSon




Significance of Power Quality

Fle  Edit  utlity  Help

Measurement Results Ak N,

* Reduce the line & equipment

Py Powear Frequency  Power Quality 340524 Hz 40024 Hz 48924 Hz 1 45,518 Hz 40905 Hz 40528 Hz GOTEmHz 50

PO WAMS Pawer Quality 3OBID0AY O BZ00AY  BE00AYW 1 § 21521V BI0ITY  Z0XEmY 50 Measure | Search
Current and Iosses and hence PG: IRMS Power fuslity 3 ETaImA 1 24763mA 209.23mA 15L19p4 G0

Per: Wirest Factar Pawer Quality 1. 1. 1 1 1.2374 1. 24166 m A

1.9%64 32853 m 50
LSETSW  15028W  L2419mW 50

3
Py ICrest Factar Pawer Quality 3
315w 1.50 W 1.56 W ) 1 1.
3 LZGTAVAR 12674 VAR LI674Y, 1 LIGPL VAR L2641 VAR 12683 WAR L3079 mWaR 50
3
3
3

- PO Trse Fower Pawer Quality
|Owe r e n er bl I |S PO Raactive Powar Pawer Quality
P Agparent Powar  Power Quality
P Power Factar Pawer Quality
P Phase Angle Pawer Quality

20333VA 2 / 5 / 1 5 20298YA 203TVA  16BSS mWA 50
TELAT m 1 TelEm Te2azm 184290 af)
-38.559 385590 -39.550° 1 - -38.593 ¢ 385170 1Y BE2mc 50

[alalalalnlnlalalaln]
bl = = = = o= = =
ot o ot ot ok ot
[alalnlalalalalnlnln]
bl = = = g o= = =

Wavetarm View

« Improve Power Factor & avoid .
penalty for low power factor e s

 Prevent of malfunction of
equipment

* Reduce the losses in equipment

* Increase the power equipment |
life . < @

Harizental Trigger J - ey | Triggered |
100 masdiv | 637.6353,.. - 5 A . 24,0517 ngidey 2400517 ms |I| T zwm\r Manual,  Anatyze
; " "G SRl M 1 st Sample: 12 bits
300 MHz % | 120 MiHz B | Power 1 - - FL: 280,517 .., U 50% 51 Aogs

T



Significance of Harmonics

NON-IDEAL INPUT CURRENTS INCREASE BURDEN ON POWER GRID AND WASTE ENEGRGY

Harmonics can impact the efficiency of the
system

In practice, loads are not always resistive : S —
« AC-DC converters present non-linear TR TR

impedance TR
» Power factor correction is complex TN T T
Various Standards of Current and Voltage 3 e e wen
Harmonics s A e
* 61000-3-2 [1] s
« AM 14 [2] TR
* MIL 1399 [3] gy
: DO-160 -
User-defined harmonic order, can go up to T T
200th order and supports range filter for easy [ i w2
visibility TR TS

User can define custom limits and apply for
the harmonics

5 Vidw 200 maidw | 100 mvidw
1m0 1M 1M
100 MHz M | 120wz o S0z &

12652 W... | 18844 ...
Chi*Ch2 | intgiChi®...
Power 1 Power 1

.....

T



Significance of Inrush current and
Input Capacitance

Inrush Current and Input Capacitance measurements are
important to ensure the design protection circuitry is in place.

« Power designers need insights to the peak current surge that
needs to be handled for protection circuitry.

* Designers need to ensure the correct capacitor is used in the
circuit which can handle the peak current surge effectively.

« Enables designers to traverse across cycles to identify and
isolate problems effectively.




Switching Loss Measurements a— =

e Turn-on loss :

Energy losses when the switching

device changes from its non-
conducting state to its conducting
state.

 Conduction loss : o |
: o : | | |

Losses in the switching device ; e | [

o o Fover ) | i e < >

when it is in saturation. | IS

* Turn-off loss:
Energy losses when the switching
device changes from its conducting
state to its non-conducting state




| ‘

Switching Analysis j

My <z =
> X, ye) o n
3 (o) = g < e —d{h
SAFE OPERATING AREA (SOA) 2l e ooie e |5 all v
Safe Operating Area ® " Souce
. . . . M k Clock —3— 4 Cumment peode
« Switching device operating Volts =
reg io n Iha A (=131

 Plot of voltage versus current

« SOA mask is a graphic
representation of the switching
device's limits on a SOA plot

POWER 2

PMask Has: 5639 &
Stalus:  Fall

Chi ha arizontal
19%n | S0 mad asllallell ellslle - i
118 1Mz oo | | | | | ARG
Z00 MHz " | 120 Kz B RL 125 Mpts ¥ 58%




Switching Analysis — -

Di/dt and Dv/dt

« Rate of Change of Current
and Voltage

* Need to look at the Slew rate | e
of the Voltage and Current
signals.

: EEE

339

o

zazaxT

* Helps designers to optimize
the rate of change of Current
or Voltage signals to meet the
fast switching design needs.

o Ensures Loss is minimized

. R i it 1015
R Gf: G5 GAG 160 psint
AL 250 kpts ¥ 50%




Switching Analysis— RDS g,
« This updated measurement TR m_;}

provides a simple way to verify the
minimum dynamic on-resistances in
switching devices. Rpgqy) 1S SIMply
voltage divided by current

+DC

[

toas

o

S

Source

-DC

* Measurement is gated during
conduction regions

« Spikes in time trend are where
current approaches zero

T

iv | 1.47 Vidiv | 55.5mAV... 11121([3(4|/5(6/7]|38

Add | Add  Add
New New New DVM |AFG
Math | Ref || Bus

200 ps/div.- 2ms
SR: 625 MS/s 1.6 ns/pt
RL: 1.25 Mpts ¥ 50%




Magnetic Analysis

Computing Power Loss at the Magnetic Component

« Aim is to reduce power dissipation in the core area

« In atypical Power conversion circuit, the inductor and
transformer will dissipate power

« Affects power efficiency and causing thermal runaway.
Methods of monitoring the behavior of the core
* LCR meter- simulation

* B-H curve, because the B-H curve quickly reveals inductor
behavior in a power supply

The damagnalizing
force,  neces sary  to B

reduce observed
induction, B to zero

ADD MEASUREMENTS

Standard |J'rtter Power

Voltage Source Current Source

INPUT ANALYSIS )

AMPLITUDE ANALYSIS )

TIMING AMALYSIS )

SWITCHING ANALYSIS )

MAGNETIC ANALYSIS

Inductance m:gnetic ﬂ} Magnetic Lnss]
perty

lvs. [V

OUTPUT ANALYSIS )




I\/Iag"’xnetic Analysis

Computing Power Loss at the Magnetic Component

Magnetic Property (BH Curve)

* |nductance
AA: 167,525 mA
gy V10385 Vs 1BA: 597/A

A:-106.050 mA A 61476 mA |,

e IVsiIntV

AV; 11557 pv*s

* Magnetic Loss sanira

» Get insight to Total Magnetic Loss

* Derive Core Loss from vendor’s data sheet
[__]». 7 mA
» Solve for Copper Loss L]V 5668 pves
/TN A:-60.518 mA

*  Ability to test multiple secondary windings e

DA 97.734 mA

in one go - ensures faster test times ;12265 s
TotalPowerl_oss = PowerLoss, , + PowerLoss, , + PowerLoss , +---

0 SMHz B 2omiz &

|

| TH 37.216 mAT/m
j L_JB: 1.082 1

I H: -60.518 mAT/im
7.734 mAT/m

) 806 yT
| | Perm: 47.4059 Him

@k

At: 26.400 ps
£42:98.206 mA

t: -8.400 s
2:37.29mA

Horizontal

’ 6 psidi 60ys

R SF: 250 MSs 4wt
BL1Skpts  U50%

1/At: 37.88 kHz

Aallt: 3.72 kASs

18 s
2:+60.977 mA

Perm.,. 4589 Him

Manual,  Analze

Sample: 12 buts
Single: 11

Power 1 w

Inductance'
g 59.84H

Ivs. V'

Y 15.29 pV*s
Power3 IW&R

Magnetic Loss'
g 91.94mW

Power4 WD
Magnetic Property'
Bpeak: 5.824 uT

Br. -

Hc  19.8 mAT/m
Hrae  101.4 mAT/m
I-Ripple: 244.8 mA
AB:  11.81yT

AH:  208.3 mAT/m
Perm... 45.89 H/m




Significance of Ripple

* Need to look at the output voltage ripple on the power SR
supply’s output or load.

* Ripple is the AC voltage that is superimposed onto the —
DC output of a power supply. Linear power supplies | e
usually see a ripple that is close to twice the line
frequency, whereas switching power supplies may see

a switching ripple in the hundreds of kHz.

» The output voltage ripple has two components: Low

Frequency “ripple” and High Frequency “noise”.
| LF RIPPLE

| /\ * |

HF NOISE




Power Efficiency -—

, =<
~ S T Y
- . . T ‘.(v‘. ‘ ’.,..
- Efficiency is a measure of how much o= ¥

power at the input appears at the output.
° I ess WaSt e. ,.F,Il-frmElT Applications  Utility  Help

« Conserve energy - considered
technologically “green”.

 Power supply efficiency has a direct

effect upon the upper limit of output ’ - e (v g |
power given a package size and mode of - . ' i i 2 - - - | v
cooling.

« Energy Efficient products

« Test multiple output products in ONE
go-FASTER TIME TO MARKET

)

Prayiew

h Cha Chd b1 Harigantal Triggeer Acguisition

5 Widi 00 mad | 5 Wi I0 ek | 14382 W | 3684629, ellell 7|l g [+ . 239607 msfiv 239,607 ms T o 400 mh Manual,  Anahoe
1 M2 118 | M2 1 Mg Ehi*chz | Chatcha. S| I | I | VLA T F Hoise finject Samphee 12 bits
100 MHz B ] 120 MHz " ] 20MHz B ] 20 Mz D] Pawer 1 Fiwwer 1 RL 239607 k..¥ 50% Sirgle: 01




Power Efficiency

}é

 Efficiency measurement capability increases
with channel count of instrument and the
updated flexibility to configure each output
Independently.

* 4-channel scope
o 1 input, 1 output

« 6-channel scope
o 1 Iinput, 2 outputs

. 8-channel scope rece
o 1 input, 3 OUtpUtS 1-input, 3-output device

! |

M A ML TR SE

il

| of Nkl R TR
Jr-: 3 ! L -\"I f‘rl{'- 'q'..J-"H Mty Ll "‘.'?:'JII 'l‘-"r""J"JiL"l




Significance of Turn on Time !
* Turn on Time is the time taken to :>""

get the output voltage of the power
supply after the input voltage is * 3
applied. \,wu

TRRN \|
1 ,u\"r“/u\f i
W\ '“u

i
/\/ )\' ,‘ ‘///\ \|

 The timing and sequencing of r--- 1 / il H I { H/\HI I
power supply outputs during turn-on ‘ H \Hf \\
IS critical to the reliable operation of \\
the end-products.

At: 29307 ms | 1/At:34.12 Hz

* Supports testing of up to 7 outputs e (g
(MSO58) simultaneously there by I
enabling system testing and faster
validation times.




Significance of Turn off Time iy

 Turn off Time is the time taken
to get the output voltage of the
power supply close to zero after
the input voltage is removed.

* The timing and sequencing of
power supply outputs during
turn-off is critical to the reliable
operation of the end-products.

e Supports testing of up to 7
outputs (MSO58) simultaneously
there by enabling system testing
and faster validation times.




Frequency Response Analysis

* Frequency Response Analysis

o Control Loop Response(Bode Plot)
o Power Supply Rejection Ratio(PSRR)
o Impedance

These are typically performed using stand alone Frequency Response Analyser or VNA.

 Customer Pain Points

o Separate test setup.
o Long test times as the Frequency Response Analyers or VNAs are shared.




Tektronix Method — Control Loop Response

Amplitude Mode Profile
across frequency range

CONFIGURE PROFILE

CONTROL LOOP RESPONSE

Measurement System
o 4/5/6 Series MSO Scope
o AFG (from the scope or external)
o 2 TPP0502 Probes
o Injection Transformer (Picotest)

'W [itesy

Configure Profile (@'

Power
Preset

Injection transformer

Injection "l
-~ |OP 3 ¢ /P | BNC cable
o+ 3 £
DC Power supply / L.
= - l " _1Hz-50 MHz
8v
§ g y

(27 1 ]
Control Loop Resp...

5/6 Series MSO

l ] A # [ RG]
Y Vin |74 | # @261.6 kHz
= yié [ IR
UL L | diLLL ‘ |t A @4.855 kHz
™ o Ao GNDP S N FAdy VWA st AN ARAARAMAARL i A
+  Tetmination resistor . AFG Ve w L IR b A Lk indL ML YR
- DUT 5 ——
Ex: (8'V, 60 mA) GND = |l ‘ I’
tProso2 (e PYE

DC - DC Converter V Out - CH1

J CH2

TPP0502

T



Tektronix Method — PSRR

Measurement System
o 4/5/6 Series MSO Scope

o AFG (from the scope or external)
o 2 TPP0502 Probes
> Programmable DC Power Supply
o Line Injector (Picotest)
Picotest Line Injector 5/6 Series MSO
P/IN: J2120A ) BNG cable
i
DC Pcﬁjsupply CH1
V-o?'t—* DUT + 2 TPPO502
I GNE) s,
l DC - DC Converter  VIn
Ch 1 —_— Y,
TPP0502 Ch2 o . o

250 MHz * | 250 MHz ®

POWER SUPPLY REJECTION RATIO

Power 1

Power Supply Re...

Max: 104.1 dB
@34.86 kHz

Min:  55.54 dB
@1.867 MHz

u‘ Freq: 19.4149 MHz 80 nsidiv 800 ns

Amp: 500 mVpp. SR:12.5GS/s 80 ps/pt (IT)
Offset: 0V RL: 10 kpts 50%




Tektronix Method — Impedance

CONFIGURE PROFILE

Measurement System = o
o 4/5/6 Series MSO Scope
o AFG (from the scope or external) 3
o Direct SMA or BNC
o Power Supply (Picotest) ’ e

Impedance

o Active Splitter (Picotest)
o Common-mode Transformer (Picotes

Impedance’
Peakl: 455,80

Picotest Power Supply 5/6 Series MSO e ey
PIN: 21708 | s T
Picotest Active Splitter - 8875k 2
PIN: J2161A Buitin
out? [om
L1
L] 5] *
- »
Power Supply’ b e ==
. Out-1 { J J@g i
— CH1?
S0 Direct SMA or BNC
(recommended)

R Picotest CM Transformer

PIN: J21028 ‘ ‘\

l:_ T DC block {optional)
~ . = Wav View 53— 7 .

VRM 1306006 ha AFG: Sine Horizontal Trigger c T
5 ) Add || Add || Adc IR oo 406195 Mz 10 s/ 100ms ) -~ ov Analyze

00 23 ew || New ) e 4 A 1 Vpp SR 1Z5GSA  BOpsit High Res: 12 bits 12 Jul 2020

250 Mtz % | 250 Mtz & 2ty ! Offset OV Rl 126 kpts ¥ 50% 343 Acgs 530,00 PM

SMA - BNC Adaptor
i 'Source of power supply can be a DC power supply unit or USB connector

%It is recommended to use DC block at CH2 of the oscilloscope, if there is a DC offset in the signal.



BODE plot , PSRR and Impedance Tektronix 1 BOX
Solution
« MSO4/5/6 series with built-in AFG OR

Power 1 g
Control Loop Resp.

External AFG31000 series. :
GM- 9.98 dB

131.5 kH
« 2#TPP0502 probes PM: @41.31 -
@62.73 kHz )
« 1#TPR1000/TPR4000 probe or P6150 com——. . v
« External components bUT inpu DUT output
> Pico test injector AFG output
o |solation transformer Picotest Injection
transformer
o Programmable Power Supply(for PSRR)
DUT




Motor Drive System

PAIN POINTS

1. Input (AC-DC)

2. DC-DC Bus

3. Inverter (DC-AC)

4. Control Logic

Figure 9. Motor control software subsystem overview

Safety loop
Legend IIIIIIIIIIIIIIEIIIIIEITRIIIIIIIIIIPTRIIIEIIIIIIIIIIIIIIIIIY
e Over i1 Under ii Over il oOver i}
i Optional Component i 1 i i
L P RN Voltage ! Voltage | Current | ; Heating | ; rcsnz?iarzs
[ Mandatory component | Protect. | | Protect. | ! Protect. | ! Protect. | !
i el E === Tzzizics '; e o
! : —
Rectifier L
Three Phase Inverter e
Reference computation loop i u: FOC loop
PUITIIIIIIIIIIITTUIIIIIIIIIIIIITTORT[TRTl peamsssssssdasssssssees e e L L e L |
o i e Current Sensing }
E H E H Flux E H E Clarke. Park Shall be one of: i
oo bt B bh dere bk e i P e |
i : | Weaken. : { 1| circle limitation b d bl P T |
LN S SR | 14| Park-1, SVPWM H
i f ......... o PID Speed & Position Feedback :
[ELCECELE H E—E—fp < Shall be one of: !
i} |Speed& Feed i1} i !
Ul el Torque [« i Forward {} i 1 1 - 2l
i1 Regul : By HALL ENCODER :
] 1 I '
i + _______ ; E L
............ I S
Revup | -
) P ogemememnenn—n :
Appli CC_’_”_t_m'__i iOpen loop !
FOC

Power Quality

Ripple

Efficiency

Harmonics

Dynamic Tests

FOC Loop (DQO)

Mechanical

(Speed, Direction, Torque)




3-Phase and Inverter Motor Drive Analysis

OPTION: 5/6-IMDA, 4-3PHASE
» Single or three phase (AC/DC) Input/Output Analysis

» Static Measurements

« Dynamic Measurements

B

o Time-Trend plots per Acq, and across multiple Acgs "‘f“"","""""""""&""’s

« 3-Phase Harmonics bbb

* Phasor diagrams

« Control Logic analysis (industry first)
o Using Direct Quadrature Zero (DQO) Transform

* Power Quality
 Efficiency

 LL-LN Mathematical Conversion




Configurations

2V/2l, 3-Phase, 3-Wire 3V/3I, 3-Phase, 3-Wire (Delta)

— T
Phase 1-— Ia ; Phase fo—(la - e

o s Vab) Three

T Three Phase 2 (b &

- Ik -
Phase 2 +'th‘- T Phase . T J."' Pﬂ]asg
( Vag (Vbe Load l}"]aE \ \/bg_- oa

Phase 3° r Phase 3.-——Ic » 1

3V/3l, 3-Phase, 4-Wire (Star, Wye) 1V/1l, 1-Phase, 2-Wire
f'-_"\\ Ia
ese I8 Phase —( )
-
Phase 2.—( b Three 4
A PR P Phase @ Y Single @
e @{ﬂ Load N Load
Phase 3-—Ic - e
@ Neutral
Neutral - -




Typical Motor Test Setup

Voltage Ibes Currentlobes

PROBING FOR EFFICIENCY MEASUREMENT USING 2V2I CONFIG

Three-
phase
AC

PWM
DC full wave Filtered DC Simulated AC
YYY YY) L_j_r_r__
Drive Circuit/ Power Converter
+ +
Converter DC bus Inverter
A A
Control
logic
VFED Drive

...........................

> . =

“aﬁa"J@J 5?

/\

| ‘ Probing using 2V2l method




IMDA Autoset

AUTOSET THE VERTICAL DYNAMIC SCALE FOR PWM SIGNALS WITH A 1-CLICK

2. IMDA Autoset Button (available in every measurement)
= -

POWER QUALITY Carvors] [cattout | [Revrt

AAAAAAAAAAA

sssssssssssssss

Horizontal  Trigger _______ ‘Acquisition

1. Channels clipping initially

IMDA Autoset is a unique feature of IMDA that sets the scope up for optimal horizontal time base snf Record Length based on the motor
operating frequency. The number of cycles are important for FFT algorithm to compute the magnitude and phase values for the Phasor
diagram. Also, many sub-measurements on the Power Quality can build a good result statistics using these settings.

T




Power Quality

 Ability of electrical equipment to consume the energy being supplied to it

* Power Quality measurement provides a complete dashboard insight into the Current, Voltage and Power
values at any instance

* Power Quality measurement calculates:
o Frequency and RMS values of the voltage and current
o Crest Factors of the voltage and current
o QOperating PWM frequency
o True Power (TrPwr)
o Reactive Power (RePwr)
o Apparent Power (ApPwr)
o Power Factor (PF)

o Phase Angle (B6) per phase of the signals




Analyzing Noisy Motor Waveforms

Why, Filters?

In the case of highly noisy motor waveforms, we need to likely find that some adjustment of the Low Pass Filter (LPF)
cutoff, and Hysteresis settings are important and necessary to be applied.

User can then view the low-pass-filtered edge extracted as a MATH output waveform.

Why, Edge Qualifier?

Edge signal selection is critical to the correct operation of the IMDA, as it determines the zero crossings of the PWM
edges at which measurements are performed. The motor signals are PWM in nature and we need to extract the edges
using the Edge Qualifier. Typically, the edge extracted from the PWM would be the signal that most closely represents a
sine wave, although it is not absolutely necessary to use a sine wave always.

The choice of the Edge source requires some thought prior to beginning the motor drive set up, and perhaps a visual
observation of the filtered edge MATH waveform is necessary to achieve accurate power measurement results.

Note: The user is expected to provide a good source that is less noisy in nature as edge source, to get precise edge
transitions. LPF rejects harmonics such as 5" order and 7t order harmonics. The LPF needs a low cut off frequency like
the 500Hz to 1KHz. Such LPF may cause some significant phase shift which must be compensated.

T



Configuring Filters

IMDA MEAS 1

Add New...

POWER QUALITY

SOURCE SETUP

Vabla  Vbalb  Weadlc
LL-LMN LL-LN LL-LN
W) (5 A
WenstV): 1472 14.39 14.63
WigagtV): 1588 15.68 15.74

Convert
L-L to L-N

3 Phase-3 Wire (3V3l) v

Irnas(A): 121.0m 1226m 117.9m
ImaglA): 1297m 1307 m 1266m
WV CE 316 3077 3.181
I CF: 2.908 2.776 2.721

TrPwr{W): 1.040 1.010 995.0m
RePwr(vAR): -1.445 -1.445  -1.406
ApPwrivAl  1.781 1.764 1.724

PF: 999.0m 9984 m 998.9 m
Phase: -2.524° -3239° -2725°
Freq: 2154 Hz
Z TrPwr 3.045 W

Z ApPwr: 5.269 WA

CONFIGURE

REFERENCE LEVELS )

GATING




Power Quality
LINE-LINE TO LINE-NEUTRAL MATHEMATICAL CONVERSION

|

L-L to L-M
Conversion

Cyc Power Quality’

{ L-L to L—_N
Conversion Cyc Power Quality’

Vabila Vbclb Vcalc
5 APREW :

Vins(V): 10.56 1084 1037

Vinac(V): 7056 7.053 6.762

s (A 664.5m 7389m 714.2m

Iac(A): 524.2m 666.Bm 635.8m

V CF: 4121 3961 4.172

| CF: 3.3N1n 3.504 3.427

Phase: -51.45° 4583° -59.65°

Freq: 157.2 Hz

Z TrPwr: 71.294'W

Z RePwr: -21.22 VAR

Z ApPwr 22.44 VA

Vab:la Vbclb
LL-LN  LL-LN  LL-LN
) (= A
Vans(V): 6.09%9 6.260 5.988
VissV): 4074 4072 3.904

lrms(A): 664.5m 7389m 7142m
Iaac(A): 5242 m 666.8m 6358m
V CF: 7138 6861 7227
| CF: 3311 3504 3.427

TrPwr(W): 1.344 1.575 1.293
RePwr(VAR): -3.824 4.349 -4.077
Aprr{UA}: 4,053 4625 4,277
PF: 930.7m 962.1m 869.1m
-21.45° -15.83°

157.2 Hz

Z TrPwr: 4211 W
Z RePwr: -12.25 VAR
12.96 VA




3-PHASE MEAS 1

POWER QUALITY

L | 3 Phase iap e  Current = 8
Power Q uall ty e
Information

Edit Applications Utility Help

Waveform View
Current Phase Power Factor
(2]

VyN: 3.8412V, £-149.8° B3 1y: 723.11mA, £-167.6 VyN,ly: -17.792° PF2:952.17m

SOURCE SETUP

CONFIGURE

REFERENCE LEVELS

GATING

ApPwrivAl  4.070 4.622 4.290
PF 944.4m 952.2m 880.7m
77777777777777777777777777777777777777777777777777777777777 Phase -19.19° -17.79° -2837°
Freg 146.8Hz
Z TrPwr: 4.236Y
Z RePwr
ms 41 5 ApPwr

i

Preview

Ch1 Ch2 Ch3 | ‘Ch4 h 5 Horizontal Trigger Acquisition

11 Widiv 630 maddiv | 11 Vidiv 680 mAfdiv | 11 Vidiv 690 mA/div ¢ é 12.6721 msfdiv 136.721 ms 440 v Manual,  Analyze
1M v 1TMQ v 1M v 1MQ 1M v MR v SR: 1 MS/s 1 ps/pt High Res: 16 hits
200kHz Bl 200kHz Wl 200kHz Swl 200kHz Swf 200kHz B fl 200kHz B RL: 136.721 k... ¥ 50% 0 Acqs




Power Quality
CONFIGURABLE OPTIONS

File Edit Applications Utility

Plotview1
Voltage Current Phase

Vbe: 334.71V, £-119.2° D 1b: 301.31mA, £-126.8° Vb, Ib: -7.5630°

Waveform View

PLOT 1 - PHASOR DIAGRAM

SETTINGS

C b O

i‘ T i T e A
L

Add New...

o : - Results yon
Cursors | Callout Table H <3
Measure | Search Plot More...

IMDA Meas 1: Power

Phasel Phase2 Phase3

2D @D
VasV) 3371 3347 3
InuaclA) 2802m 301.3m 3

1.739 1.733

3.054 3106

-11.26° -7.5

40.07 Hz




Power Quality

CONFIGURABLE OPTIONS

File Edit
Plotview1
Voltage
1 ]
Vbc: 334.71V, £-119.2

Ché M 1
1.3 Afdiv 5.2761s*...
1MQ v intg(Cht*...
200 kHz ™ Meas 1

Applications

Utility

Current

[ 2]
3 1b: 301.31mA,

Math 2
120.7166 ...
Ch1*Ch2
Meas 1

Help

-126.8

Vbe,Ib

-7.5630°

| Waveform View

PLOT 1 - PHASOR DIAGRAM

130.8939 ...
STATIC[Lo..
Meas 1

g

|
1
3
5

Vbc (Ch 3), Vca (Ch 5)

‘ Vca (Ch 5), Vab (Ch 1)

Horizontal

50.6984 ms/div 506.984 ms
SR: 1 MS/s 1 psipt

RL: 506,984 k... ¥ 50%

Trigger

D ~ 20V

Add New..

Cursors | Callout

Measure | Search

IMDA Meas 1: Power

Phasel

2D D

ViacV): 3371
InaclA)
V CF 1.739
I CF: 3.054

Phase: -11.26°

2802m 301.3m

Results
Table

Plot
Juality'

Phase2 Phase3
3347 3119

1.733 1.721
3106 3.070

-1.563° -13.00°

Freq:

Acquisition
Manual, Analyze
High Res: 16 bits

0 Acgs

40.07 Hz

Preview

09 Apr 2020
8:40:59 AM

310.6m



Harmonics

« Harmonics can impact the efficiency of the system
o Can result in heating of colls, misfiring of VFDs, etc.

 Displays 3-Phase Harmonics side-by-side for easy correlation

* The solution computes many important sub-measurements such as THD-F, THD-R
and fundamental values per phase

« User-defined harmonic order, can go up to 200th order and supports range filter for
easy visibility

« Support IEEE-519/IEEE-61000 standard, useful for motor designs with pass/fail status.
This helps for pre-compliance testing.

« User can define custom limits and apply for the harmonics.




Harmonics

Phase - 3
Phase - 2

Phase - 1

Compare the Harmonics of
all 3-Phases together

File Edit Utility Help - " IMDA MEAS 2

| Ee— Grey bars indicate the

HARMONICS

| source seTup > Harmonlcs Ilmlt as per the
standard selected

CONFIGURE

Auto Harmaonics

Green — PASS

[ Waveform View . ] : ] Specify the

F‘ = ' ' ' Harmonics Range
E i i | IEEE 519-2014

Custom

Specify the
Harmonics Source

Specify the Harmonics
Standard

§ REFERENCE LEVELS

& cATiNG

e Specify custom limits which is
che Horizontal Trigger Acquisition Stopped

680 mA/div 12.7592 ms/div 127.592 ms 440 mV Manual,  Analyze user defined values
1Ma v SR: 1 MS/s 1 psipt High Res: 16 bits
200 kHz & RL: 127.592 ... ¥ 50% 47 Acgs




Efficiency

e Efficiency measures the ratio of Output Power

to Input Power

* (Calculates Efficiency at each phase, and total
efficiency (average) of the system

e IMDA supports 2V2I (2-Wattmeter method)
which requires all 8 scope channels for
performing efficiency measurement.

IMDA MEAS 2

Haorizontal Trigger

- = & ) =
‘ SR: 1 WS/ 1 psipt ﬂ

3-Phase Efficiency
(AC-AC)

IMDA MEAS 2

{EFER B Horizontal Trigger

STTARG — — —
SR 1 WS/s 1 psfpt

3-Phase Efficiency
of Inverters
(DC in — AC out)




Efficiency

File Edit Applications Utility
Waveform View J. Add New...

WheTe

Vyz:ly

1.282 kw
1.063 kW
82.14 %

5 Ref 6 0 i Acguisition
1 Addiv 1 Addiv 86 Widiv 7 Addiv . . . , : L . 20 rmeddiv 200 ms A Auto, Analyze
1M5A | M5/s 1 M5/ 1A . = et R ’ . SR 6.25 MSS 160 nsipt Sample: 12 bits
aff_ch2w.. eff_chdw.. | eff_chbw.. } eff chéw.. RL: 1.25 % B 50% 1] Ac%

Preview




Output AC

n | |
Ripple Analysis
j Converter = Transformer Circuit

Circuit )

File  Edit  Applications  Utility  Help Feedback

Waveform View

Block Diagram of Inverter

Results
Table

Plot

2.00 us/div

Ripple is generally measured at
the switching side of the Half or
a Full bridge rectifier.

Math 2 | Horizontal
Y Add || Add
New || New | | New DVM| | AFG
Math| | Ref || Bus




Make Accurate Measurements

File  Edit  Applications  Utility  Help Tektronix

Plot 1 - Phasor Diagram (Meas 1) % || Plot 2 - IEFES19 (Meas 2) Add New.
T T T T
Voltage Current Power Factor !
[1] (2]
Vbc: 376.46V, £-11 Ib: 343.68mA, £-126.8 /be,b: -7.! PF2:991.30m

Phasel Phase? Phase3

AEA 375.1 3765 3791
TrasA) 3302m 3437m 3473m
V CF 1.739 1.732 1721
I CF 3054 3706 3070
TrPwr (W) 8326 8853 9039
RePwr(VARE -91.71 -9435 -9571
ApPwrVAY 1239 1294 131.7
980.8m 991.3m 9744 m
40.07 Hz

Phasel

Phase? Phase3

D @D A
FyMagiA)  229.8m 250.9m 2557 m
F3Magld)  7.624m 9.226m 7.480m
THD-F(% 2631 25.09 2372
THD-R(%): 2545 2433 23.08
VsV 375.1 376.5 3791
Innas(A) 3302m 3437m 3473m
TrPwer (W 83.64 89.77 91.06
Status: Pass Pass Pass
Freg A0.06 Hz
Heounr: 20.00

Waveform View

Measurements are

Acquisition performed in 16 bits

Manual, Analyze

B ol il W Sl I R L ngh Res: 16 bits ngh Res mOde WhICh
et L T

provides high
a1 IS - . ] H‘orizuntal. | Fiigge Acquisition Preview accu ra Cy

210 mAsdiv [ 140 Vidiv

140 Vifdiv 210 mAddiv | 140 Vidiv 210 mAJdiv || 5.2761 s*... | 120.7166 ... 50,6984 ms/div 506,984 ms Manual,  Analyze
1MQ v 1MQ v 1MQ v 1THQ Vv 1TMQ 1VQ v intg{Ch1* Ch1*Ch2 4 ) ! SR: 1 MS/s 1 psipt High Res: 16 bits
200kHz B J 200kHz B f 200kHz B 200kHz B § 200kHz ®f 200kHz B j Meas 1 eas 1 RL: 506.984 k 50% 0 Acgs




3PHASE MEAS 1 ®

POWER QUALITY

o 3-Phase Autoset sets tage and Current sources based on the

]
| Alrese wiring configuration. The Autoset will optimally set up the vertical,
I I“ I re l PIOtS e Sl e
The Autoset will be done on all active power measurements.
mmmuwmmmmwm
Information:

File Edit Applications Utility Help

\ Plot 1 - Phasor Diagram (Meas 1) Waveform View

Voltage Current I ENT T
[ 1] e
ED Vbc: 694.70mV, £-119.6° (£ Ib: 21.604mA, £-148.6°  Vbe,lb: -29.063 |

& Lo

AR
145 165 185

i
s 25 4 s s 10s 165
X
LEFR : ] 2%
! ! ! 22.5V

| 1
e A;\,‘?’vwwf-:ﬁ:ﬁrvwwvf%v‘«rv‘mﬁf\ﬁ\ . “f‘/’v\/‘ﬁv“f”vw‘*_
| i

Waveform View CONFIGURE

REFERENCE LEVELS

1 \
{ | [
AR ERARRERARRRENAARRERASRE

! |
| |
H C D AHACAAAIAANAAIAAAA A ANANAAAAANA

FSWWWM

T
C6-~}
TREND 2

@ Ph1 SUM Reac Pwr]

> Ph1 Trﬁlle,var

Time-trends added on
the Power Quality
sub-measurements

P
|

Analyze how your motor drive measurements change over time in a long deep memory acquisition.
This also allows you to zoom and window your measurements to any part within the acquisition.

T




3PHASE MEAS 1 @
POWER QUALITY
[ ] ] 3Phase Autoset sets. nt sources based on the
’-’h;: .iqu ‘%—"’E&ﬂ optimally set up the vertical,
Acquisition Trend Plots R g
 Trend Plot, dlippiny
File Edit Applications Utility Help ; . Plot data Saved
Plot 7 - Acq Trend (Meas 1, XApparent Power) X PlutS Acq Trend (Measl 2 True Power) X PIUtJ'Al:q Trend (Measl Vrms) » | Plot 1 - Phasor Diagram (Meas 1) fr— aca . .
o ImEE |\\\\,b RmE wu.\..mb T Huu..\umjucvwage pa— P /[ InthCSVf”efOF
‘ . . l a2 e T A
D 1b: 229.56mA, £138. CE:HIE pOSt prOCGSSIHQ
N ' A B C D
""" 1 |Date Time Acgs Value(V)
Vonsal 2 | 7/3/2020 03:41.5 1 10.5563
“:::,j;‘,” 3 |7/3/2020 03:42.0 2 10.5726
‘\:\:IACEI;-A‘ 4 |?,-"3,|"2D2D 03:42.4 3 10.5638
L P 3 5 |7/3/2020 03:42.7 4 10.5645
ey ; 6 | 7/3/2020 03:43.0 5 10.5589
Appirt 7 | 7/3/2020 03:43.2 6 10.5696
PF REFERENCE LEVELS >
Phase 8 |7/3/2020 03:43.5 7 10.5741
Freq | GATING > .
e S— 9 |7/3/2020 03:43.8 8 10.5636
s 0 Accs s FLTE 5, L 40 Aces s ; [, 2042 AR 10 | 7/3/2020 03:44.1 9 10.5587
‘F."?tP.‘.‘“f'.T’F".“F'?EF%% ﬁ’“FSFF"ff?’?"F”?H’.‘ PO A o Trend (Hes 1, 3 Renciive Power) X B, flot 2 AchTrend (Mess LIS - i O S e 117/3/2020 03:44.4 10 105794
12 | 7/3/2020 03:44.7 11 10.5626
13 | 7/3/2020 03:45.0 12 10.5679
14 | 7/3/2020 03:45.3 13 10.5584
15 | 7/3/2020 03:45.5 14 10.5587
16 | 7/3/2020 03:45.8 15  10.575
: 2 ERRE R : CREE RS 17 | 7/3/2020 03:46.1 16 10.5586
i i o ¥y . . H
""" o i Hy ) I ) . '_‘u‘ i i i 18 | 7/3/2020 03:46.3 17 10.5456
: : 19 |7/3/2020 03:46.6 18 10.5496
20 | 7/3/2020 03:46.9 19 10.5669
21 | 7/3/2020 03:47.1 20 10.5683
22 | 7/3/2020 03:47.4 21 10.5566
23 | 7/3/2020 03:47.6 22 10.5682
24 | 7/3/2020 03:47.8 23  10.5555
- - - 25|7/3/2020 03:48.1 24 10.5536
_h i din = Math 2 Harizontal Acguisition Stopped
12 Vidiv 10 Adiv 12 Vrdiv 10 Afdliv 12 Vidiv 1oadl | 28208 vadiv [ 1.22 52w . / RN o6 i %6 Manual,  Analyze 26| 7/3/2020 03:48.3 25 10.5623

1MQ
20kHz B

1M v
20 kHz

1M N
20kHz B

1M v
20kHz %

1M
20kHz B

1M N
20kHz ™

Static[lowy
Meas 1

Intgich1*...
Meas 1

SR: 100 kS/s 10 psipt
RL: 965 kpts B 0%

High Res: 16 hits
Single: 100 /100

Analyze how your motor drive measurements change over multiple acquisitions effectively turning it into
data logger.

27| 7/3/2020 03:48.5 26  10.565

T



Simplify testing with IMDA DQO

— J\ ‘,, > /
\\ LCL filter

‘%‘Q,

X S .-
DTS Ml £
40 2 i e
5% A .
2, o g lh = > g .
. . s WP An < o

ADD MEASUREMENTS

Standard ‘thter ‘ Power PUIVY DPM

ELECTRICAL ANALYSIS

General Customer’s DQO Test Setup

(Hardware Intensive)

23388388 -

8 | s

[N—

Tektronix 1-Box
DQO Solution!

INID A Pbeas 2= DO

0 0] Fi
RS 1343%  S570W 1962 mv
Pk-P; BEY  BL44W  ATET MV
Mean: BHOEW 5094 v 1861 iy

MagiD, 0k 1027V

0 o £
RhAS: LiGd mA BEREmA 5067 mA
PPl 4.18%A I672A  2443mA
Mearn: 1R e -621,1 i 5 359 b,

MaglD, 0k 744 5 mA




Summary
POWER PROBLEMS SOLVED WITH A 1-INSTRUMENT SOLUTION

Power measurement
Oscilloscope Spectrum analyzer

“EBea&eEa

Detailed Power Analysis : AC-DC, DC-DC (PWR)
Power Integrity testing (DPM)

3-Phase Analysis

Wide Bandgap characterization

DC-AC Inverter Block Analysis

Power Sequencing on Multi-rails

Spectrum View to identify the source of Ripple
Isolate issue between S| and PI testing

PDN Impedance

Frequency Response Analysis - Bode Plots
PSRR

Multi-channel scope with built-in AFG

Frequency response
analyzer




Thank You




