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SMPS- Dewces and Industry Proflles

» Typical Power Electronics Modules / Systems
= Power semiconductor device manufacturers

e DC-DC converters — Integrated device manufacturers ) BOSCH
Foundries
Fabless P ( infineon
Automotive tsmce - @
Military, aerospace S —

« AC-DC converters (JGeneSiC 7

= \oltage Regulators

-------------

= Power supplies
= Research & education

— Research consortiums, power semiconductor labs in universities,
government research labs

. U.S. DEPARTMENT OF
= LED drivers PURDUE e ENERGY

o e
i ==

= Power factor correction (PFC) controllers

« DC-AC Inverters [
» PV/Solarinverters ke
University
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SMPS Testing Challenges

DESIGN AND DEBUG CHALLENGES

* New devices are designed for boosting performance and simplifying the design.
o High efficiency, compact, switch-mode power supplies.
o Applications requiring peak power capability.
> Ability to handle extreme voltages and currents.
o Reduce loss in the loops (transformers and inductance)
o Lowering no-load power consumption.
o SoC
o New wide bandgap devices
« SiC and GaN
o EMI/EMC
o Power Integrity

= Power artifact impact on HSS
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Stages of Power Hardware Design

e Select and characterize
Component power components.
Selection Source Measure Units (SMU)

’

* Prototype board debug and

Porotype testing
Testing

W

“aaaazxzxa __.

| —
Scopes

A ® AC & DC Energy consumption
and and efficiency testing

Consumptio
n testing

e Compliance testing (pre)

Compliance
Testing

¢ Production test
Production

RSA — Spectrum Analyzer

7510 DMM

ParametricTesters

IsoVu Probe — :
Application Software

Source Measure Units

’

:

s *

“RaAxz3RR __.

| e
Scopes
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Elements of a Complete Power Solution

Best in Class Acquisition System
o Oscilloscope

Best In Class Probing capability
o Ability to meet new design needs

-

Automated Application Software
- Ease of Use

o Repeatable

o Report

Complete Solution
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Tektronix Solution- 5/6 Series MSO with 5-PWR,
6-PWR and Power probes

Multiple FlexChannel® and path breaking GUI of 5/6 series MSO enables COkTare YIS, (G100 T ewers Suppy aaslgns

Power designers to test multiple test points simultaneously thereby ensuring

faster validation and test times desired to meet quicker GTM needs.

Leverage the 6/8 channel capability
» 12-bit ADC ensures better resolution.

- Automated power and harmonic measurements reduce time to answer and guar &

MSQO scopes

« Complete set of differential, high voltage and current probes including IsoVu™ and Rogowski probes delivers superior
performance probe tip to scope for new generation wide bandgap designs

1 BOX Solution for Power Measurements and Frequency Response Measurements.
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Good Measurement Requirements and Practices

* Optimize vertical resolution

o

« Small Details on large signals requires
High Resolution!

o

Using only half of the display vertically reduces
vertical resolution by one bit

Driving the signal off-screen may distort the
signal and invalidate measurements

Use AC coupling or DC Reject to remove
uninteresting DC signal components

Use scope Offset to account for important DC
signal components.

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

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

Next generation front end amplifier reduces
noise to help resolve small signal details ~4.5
dB lower noise from previous generation
oscilloscopes

8 BIts ( 16x more digitizing levels) 12 Bits

e 3/22/2019 9



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 (IMA 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!)

o 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: Using a differential probe/amplifier TIVHOBL (+/- 2500V, < 60kV, 800 MHz)
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Wideband GAP devices getting into designs

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

= niche market

100K

10K

3
) .
2

GaN on Si for high

B\

- 1 S 1K frequency at midrange voltages
Silicon Dual Silicon Carbide Chip (<1KY, up to 100A)
Channel 100 = mass market
MOSFET Y0 100 1K 10k 100Kk 1M 1oM

Operating frequency(Hz)
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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

J(10.0ns |"'5.00c;3/s | | & - 2.0 \-'|

@ 1.00vV ] ' ) ) ]
|+ ¥29.50000ns 10Kk points
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Characterize the Entire Wideband GAP Switching Circuit

» Characterize the gate voltages, Vds, and Is

v_I CH2 « Characterize the time alignment of high and low side events
Vds
\ « Optimize and tune switching characteristics (edge rates, overshoot, ringing and dead time)
cHi ™ |
Vgs « Combination of IsoVu with 5 Series and Power Application Software ensures effective solution
" CH4
Vds

2.50G5/s @ 195V

Q @ 250Ve @ 250V @ 25.0VQ \|WH S H
value Mean Min Max Std Dev | {I?¥—=120.000ps ) [ 100K points) | 94.0950kHz

@D+ 7.471ns6.102n —16.70n 19.20n 3.741n |
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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 technigque

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

« Automation enables efficient documentation of measurement results
o Create reports easily

e 3/22/2019
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_______
Power Measurements & Challenges

Typical SMPS Circuit

Line Voltage Input Filter Switch

Transformer  Rectifier & Filter

ITH ®

‘ " Pf-rren VOUT

T

A

Control Circuit

= |nput/ACPower = Active Components (Swit

— Current /Voltage Switching Loss
Harmonics

— Power Quality — Safe Operating Area

— Inrush Current _  d/dt

— Input Capacitance
— RDSon

Feedback

ch) " Magnetic Analysis =
— Magnetic Loss
— Magnetic
Property
— Inductance

— lvs. |V

AC to DC Converter

AC to DC |

DC to DC
Converter(s)

Converter |

Output DC Voltage
— Ripple
— Efficiency
— Turnon Time
—  Turn off Time

Frequency response

Analysis
— Control Loop

response(Bode
Plot)
— Power Supply

Rejection Ratio
(PSRR)

Designers need the ability to access multiple test points and analyze them simultaneously to

ensure quicker validation/testing cycles to meet faster GTM need.

e 3/22/2019
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Introducing Advanced Power Measurements and Analysis Software

e Option 5-PWR,6-PWR,5-PS2,6-PS2 and upgrades SUP5-PWR, SUP5-PWR-FL and

SUP6-PWR-FL

 Input Analysis + Timing Analysis

Period, Frequency, Positive

Power Quality
Duty Cycle, Negative Duty

Harmonics

No standard Negative Pulse Width

Cycle, Positive Pulse Width,

Frequency Response
Analysis

Control Loop response(Bode
plot)
Power Supply Rejection Ratio

ADD MEASUREMENTS

Standard | Jitter WIS

IEC61000-3-2 (PSRR)
MIL-STD-1399 ° SWItChlng Analysis
AM14 o Switching Loss
SOA Voltage Source Current Source
DO-160 °
ch1 v | |[Ch2 v -m
o Inrush Current o dv/dt
. . INPUT ANALYSIS b3
° |nput Capacitance o di/dt
RDSon AMPLITUDE ANALYSIS >
* Amplitude Analysis TIMING ANALYSIS p
Cycle Amplitude, Cycle Top, Cycle ° Output Analysis SWITCHING ANALYSIS p3
Base, Cycle Peak-to-Peak, Cycle Line Ripple
Maximum, Cycle Minimum o _ MAGNETIC ANALYSIS )
Switching Ripple QUTPUT ANALYSIS b3
* Magnetic Analysis iffICIenC-)I: FREQUENCY RESPONSE ANALYSIS
; urn on fime
Magnetlc Loss ) new T@ Control Loop ] Power_Supply
Magnetic Property Turn off Time Response Rejectio...
Inductance updates
lvs. [V
17
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Fle  Edit  utlity  Help

Measurement Rasults w Al N,

® R d h | . &. q I p Cursors hote
e u Ce t e I n e e u I m e nt Py Powear Frequency  Power Quality . 3 40924 Hz 49524 Hz 49924 Hz 1 45518 Hz 405905 Hz 40028 Hz  GO0TE mHr 5 e .
% m:;_.s F;g:g: gt:: :R . g gf‘?l)gg \—':\.a. B.2000 Y L2004 Y g:tl'.?gg \'.;:“_- gal?'?% \—':\.a. ngaozg ':'_‘A .;.:nlzgg T: &0 Measure | Search
current and losses and hence T [k GO ! it

12433 1. 1. 1 L2423 1.2374 1. 24166 m

Py ICrest Factar Pawer Quality 1 20024 1.9%64 32953 m
. Py True Power Pawer Quality

Iowe r e n e r b I | IS PO Raactive Powar Pawer Quality
P Agparent Powar  Power Quality

P Power Factar Pawer Quality

P Phase Angle Pawer Quality

3

3

3Lsew 1.50 W 1.5% W ) 1 LoB3a W L5875 W L2419 mi

3 LIGTAVAR LZETANMAR 12674 W, 1 LIBT1 VAR L2641 WAR 12603 AR 13079 mvaR 50
3 20333va 2 / 5 / 1 2033VA 20288VA Z026TWA  LEBRS mVA 50
3 TELETm 1 Tedm TelEm Te2azm 184290 af)
3 -3559° 38559 38559 1 -38.556° -38593° 385170 1TBERmt 5O

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

Wavetarm View

« Improve Power Factor & avoid ANV UV AV AU IV AU Y /R W AR W AR I A U A .
penalty for low power factor e s

 Prevent of malfunction of
equipment

* Reduce the losses in equipment

* Increase the power equipment |
life . R

E § Math 1 Harizontal Trigger / : & | k |
100 masdiv | 637.6353,.. - 5 A . 240517 msides 240517 s M [T o -200m Manual,  Anatyze
. o | SR1MSs 1 st Mo Reject Sample: 12 bits
300 MHz % | 120 MiHz B | Power 1 - - FL: 280,517 .., U 50% 51 Aogs
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Significance of Harmonics (updated)

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

. Ideally, when Power Factor =1,load appears resistive, Update: Handle current only signal when standard is none.
. voltage and current in phase.

. Real Power = Apparent Power so Relative Power =0
. No Current Harmonics

BUT..

Power 2 (None)
* In practice, loads are not always resistive el i

. . 2 2078 kHz 1608V B4E% nye
*  AC-DC converters present non-linear impedance 3 MIbT  WSEN wIB% 2665
*  Power factor correction is complex 2 MESHE] (AR [WIEN[EF
5 519.4 kHz 123 dBuv 9018 % 107.1*
6 6233kHz 11508V 8439% -3
Various Standards of Current and Voltage Harmonics N el LR
9 935 kHz 112 cBuv % 49"
61000 3 2 [1} 10 1039MHz  1102d80v 8083 % 19.4*
° 2 1" T13MH 1143680V 8381 % -155.2*
Deals with limitation of harmonic currents injected into the e
power supply system. Supplied from mains network with b I ———
voltage not less than 220V and current up to 16A (including) 6 emme msew wEx %
. . . . . 17 1.766 Mz 1087cd8V TAT% 1544
to limit the harmonic component emission. - L)
v Equipment with rated powerless than 75W, except class C equipment | 1AM 108G 6% 28T
v' Professional equipment with power >1 kW ° R —
v' Symmetrically controlled heating elements with power < 200W 2 amEME IRSEN TSN L
v Independent dimmers for incandescent luminaries with power < 1 kW |® e L L
24 2493MHZ 102 BV TAR2% -1685"
25 2597 MHz 1004d8W TIE2% A9
° % 2701MHz 1035080 TSET % noe
AM 14 [2] . 7 2805MHZ 9996 0BW  TIN% 168"
Harmonics — Including AM14, < 16 Amps/Phase B amme wmaw nwx e
el 3013MHz MSdBW A2 % 4208
0 INTMHZ  9907TdBWN  T2ES% wr
« MIL 1399 [3] N INME UGN TB% 78.08°
. . . . . . n INAMH  10060BUV  TIBN nm*
Establishes electrical interface characteristics for shipboard
eauipmen [ [
100 MHz s | 120 MHz %] 500 Mz ] Power 1 Power 1

 DO-160(Airborne standards)-New capability

e 22 MARCH 2019
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Slgnlflcance of Inrush current and Input E

hﬂﬂhhhl

Capacitance (updated)

* 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.

Update: User interface updated. Start the measurement using
Run/Stop button of Oscilloscope.

@ 22 MARCH 2019
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Switching Loss

* Turn-on loss : Energy losses when

the switching device changes from its

Edit Litility Hzlp

non-conducting state to its conducting

state.

Switching Loss'
11 m
Cond; TE23 W
i ' B Hm.&mw
« Conduction loss : Losses in the e |
! ' S 19-1:19-5umw

switching device when it is in saturation. swioer o/ | I S i\ PR < >

« Turn-off loss: Energy losses when the
switching device changes from its

conducting state to its non-conducting

state
Update: RDSon value in configure is now T
L | VAT Vidiv 555 mAL.,. 3 # : o~ . 4 prefdie A0 pis Auta,  Analyze
=i - - - '_' SR-G25 G 160 pafpt Sample
able to be set from 1mOhm. : hE Il B L
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SWItChIng AnaIySIS Max.Curren/; ‘[‘ ’ adRdd il
. S5 % ]| Tl ™
SAFE OPERATI NG AREA (SOA) _g Switching Devic: powe' § 2 }‘ ”n‘_"wyjl_
Safe Operating Area ® ™ st
- Switching device operating Volts st f e

region

 Plot of voltage versus current

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

POWER 2

Bdask His: 56,39 &
Status:  Fall

Chi h2 algFargii:]
10vih | S0 allallellells!l = Sl | e e
1 MR 1 M0 | | | | e T ARG | T T
200 MHz % | 120 bHz B AL 1.25 Mpts U 583%
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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%
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Switching Analysis— RDS g, ST o
 This updated measurement ([ B
provides a simple way to verify the aatl § L omm

minimum dynamic on-resistances in
switching devices. Rpgqp) IS SIMply

voltage divided by current I R R R T LL |
SRR | A ‘ A& SN gML&J.L».u;lLLJl :Jéx_‘;ﬂ‘},,ﬁ{ SRSt

+DC

[

’Load

[

S

Source

-DC

« Measurement is gated during
conduction regions

« Spikes in time trend are where
current approaches zero

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%
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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

ADD MEASUREMENTS

Standard |J'rtter Power

Voltage Source Current Source

. . INPUT ANALYSIS )
* B-H curve, because the B-H curve quickly reveals inductor
. . AMPLITUDE ANALYSIS )
behavior in a power supply
e B s TIMING ANALYSIS >
ir"d:ggm‘ 2 °‘°sz9’° SWITCHING ANALYSIS >
MAGNETIC ANALYSIS
Inductance m:ﬂ:::;c ﬂ} Magnetic Lnss]
lvs. [V
OUTPUT ANALYSIS )
25
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Magnetic Analysis (updated)

Computing Power Loss at the Magnetic Component

* |nductance
e [VsIntV

« Magnetic Loss

Magnetic Property (BH Curve)

+ Getinsight to Total Magnetic Loss

* Derive Core Loss from vendor’s data sheet

» Solve for Copper Loss

» Ability to test multiple secondary windings
in one go - ensures faster test times

TotalPowerLoss = PowerLoss, , + PowerLoss, , + PowerLoss, ; +---

Update: Cross sectional area and magnetic length can be set from 1mm

File  Edit  Applicat tility  Help

AA: 167.525 mA
owe Vi 10.365 pV*s  1/0A: 5.97/A
N

(2}
"‘.._J

A:-106.050 mA A 61476 mA |,

AV: 11,557 pV*s
AV/AAY 68.99 pV*JA

mA

[__]» : 37 \
[L]_]V: 5.668 pv*s

M A:-60.518 mA
\L/ V. 5.496 pV*s
DA 97.734 mA

AV 172,265 nV*s

SMHz B 20M &

(%] A 2
B N
-~ L_JB: 1.082 1

j H: 37.216 mAT/m

H: -60.518 mAT/im

7.734 mAT/m
806 yT

| | Perm: 47.4059 Him

J
o el el

@k
At: 26,400 s
£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:+60.9

Perm.,. 4589 Him

77 mA

Manual,  Analze
Sample: 12 buts
Single: 11

Power 1

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
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Significance of Ripple

Need to look at the output voltage ripple on the power

supply’s output or load.

* Ripple is the AC voltage that is superimposed onto the
DC output of a power supply. Linear power supplies
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

| (e woomviaw s00_ayzsom ) | (A s/ somv ]‘ Tope/div 5.0GS/s  200papt
pppppp =

Fila  Edit  Application

Utiliy  Help

@ 3/22/2019
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Power Efficiency

Efficiency is a measure of how much
power at the input appears at the output.

 |ess waste.

Conserve energy - considered

technologically “green”.

Power supply efficiency has a direct

File Edit Applications

Wirgefomm Ve

effect upon the upper limit of output
power given a package size and mode of

cooling.

* Energy Efficient products

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

o 905 o

Ch
5 Wrdfy
1 M

Cha
00 mddy
1R

5 Wil
1 Wi

Utility Help

1R Chi*Ch Cha*Chd

100 MHz S ] 120 MHz "] 20MHz B ] 20 ME e Powert Fowwer 1

20 il § 14852 W | 3684629,

Hurizantal

239607 mafdh 239,607 ms
1R Mk 1 paipt

AL 239607 k.. ¥ 50%

Trigger
T~ 200 my
Noise Reject

1.54 W
Efficency: 43.23%

&) @

Prayiew

Agguisition
Mad,  Anahvze
Sampkes 12 bits
S 01
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Power Efficiency -

}é

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

* 4-channel scope
o 1 input, 1 output

* 6-channel scope Fece M.

o 1 inpu’[’ 2 Outputs 1-input, 3-output device

« 8-channel scope
o 1 input, 3 outputs

l

i L0l B e e m i '
v PRI ot S O, i
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Significance of Turn on Time (Updated) ! -
« Turn on Time Is the time taken to :> 4{_}!:”

get the output voltage of the power
supply after the input voltage is * ;
applied. Hf\(‘H\ \ i pq’
f \| \\//f(\\/“ //\\
f ol | Hl

ATt
Ht
i ”W\

it
s W}/ '\\u |

i
| \

/'\

f \ / H
FTE

* The timing and sequencing of H l|~'\ M Ll // [

power supply outputs during turn-on
IS critical to the reliable operation of

the end-products.

it
il
)H \/ ||I

il
i \\w/\’

2[T]c
At:29.307 ms | 1/At: 34.12 Hz

» Supports testing of up to 7 outputs ciones | nn
simultaneously there by enabling I
system testing and faster validation
times.

Update: User interface updated. Start the

measurement using Run/Stop button of
Oscilloscope.

@ 22 MARCH 2019
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Significance of Turn off Time (Updated) ‘ "
» Turn off Time is the time taken 2y [ &8

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.

« Supports testing of up to 7
outputs simultaneously there by
enabling system testing and
faster validation times.

Update: User interface updated. Start the

measurement using Run/Stop button of
Oscilloscope
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New Measurements

* Frequency Response Analysis
o Control Loop Response(Bode Plot)
o Power Supply Rejection Ratio(PSRR)

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 VNASs are shared.

e 22 MARCH 2019
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.
Control Loop Response (Bode Plot Capability )

Power supply engineers rely on the Bode plot for the assessment of stability.

CUSTOMER NEED:
« The reqgulation characteristics of most power management circuits are defined
by the converter loop transfer function which can be plotted in a Bode plot.

« The compensation network should be optimized in order to meet the static and
dynamic performance requirements while maintaining stability.

Ideal Loop Gain shall have: 20
. Fast Loop Response, achieved by a high BW (high cross zero frequency) \ g Crossover frequency
Loop Gain slope of 20dB/decade from low frequency to half the switching frec :

1
2
3. Large DC gain to achieve high DC accuracy over load and line variations. 0=+ o
4.  Good noise immunity. @ |~ Gain margin
5 Flat phase curve near cross over frequency ¢ “2r T 0 Ph
. - . .. - ST ase margin
6 Good phase margin — have good stability with minimum overshoot. U i [m
This representation of the gain of the loop as well as of the L 150
phase shift of the loop taken over frequency gives valuable - Pl | s
information about the speed of the control loop and © 100 1100 140 1.10°
stability of the power supply. Frequency (Hz)

e 33



Control Loop Response (BODE Plot Capability )
Power supply engineers rely on the Bode plot for the assessment of stability.

BODE( Frequency Response Plot) 1. Option 1: Leverage built-in SG of 5-series.
AEG Need a low cost alternative to 2. Option 2: Control external AFG with 5 series.
FRA/VNA setup. Ease of use.
Picotest J2101A Preferably 1 BOX solution.

injection transformer.

define the test parameters
including Start Frequency,
Stop Frequency,

and AFG signal amplitude.

BODE plot : BODE(Frequency Response)

1. Partof 5-PWR for power designers. ARG MSO 5/6 Series

Injection Resistor < 10
Ohms

Chl Ch2 Cn3 Ond OnS Cns On7 On2

SHe ¢

jf" Isolation
2 Transformer

\ Resistor Network




Power Supply Rejection Ratio (PSRR)

CUSTOMER NEED:

« Wantto see how their DUT such as a DC-to-DC converter or a low-voltage drop-out regulator
(LDO), rejects various frequency components injected at the DC input of the device-under-test.

In other words, how much of a disturbance signal injected at the DC input reaches the regulated DC output.
* Helps ensure their design works optimally.

MS05/6 Series
Oscilloscope

To perform a PSRR test, a sine wave must be
Injected at the DC input and then swept from
a low frequency to a high frequency. ADC + AC Chi Cha Crs cha Ch ch 7 e
network summing device, such as Picotest’s

J2120A line injector, is required for this measurement.

The measurement system measures both the modulated
input and output AC voltage levels and then computes
the rejection ratio as 20Log(Vin/Vout) at each frequency
within the swept band. .

Lt “‘
Line Input Line Injector .I Input Output] .
DuT

Q .



BODE plot and PSRR Tektronix 1 BOX Solution

e MSO58 series with built-in AFG

Power 1 g
Control Loop Resp.
GM: 9.98 dB
@131.5 kHz
PM: 41.31°
@62.73 kHz |

« 2#TPP0502 probes

« External components
o Pico test injector
o |solation transformer
o Programmable Power Supply(for PSRR)

DUT input
DUT output

AFG output

Picotest Injection
transformer

DUT




5-PWR/6-PWR-New measurement

FREQUENCY RESPONSE ANALYSIS (FRA)
« Control Loop Response ( BODE Plot)

o Gain Margin, Phase Margin, Gain and Phase @ frequency

-Needs Option AFG on 5 series/6 series MSO

-2# TPP0502 probes (2x attenuation and very low
Input capacitance)

CONFIGURE PROFILE

Step  Start

-Pico Test Injection transformer and Isolation

transformer:( hitps://www.picotest.com/)

 J2100A or J2101A for BODE Plot

B 25.05 dB
@1.7 MHz

573
@6.253 kHz

e 22 MARCH 2019
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« Control Loop Response ( BODE Plot)

o Gain Margin, Phase Margin, Gain and Phase @ frequency

-Needs Option AFG on 5series/6 series MSO

-2# TPP0O502 probes (2x attenuation and very low &

Input capacitance)

-Pico Test Injection transformer and Isolation
transformer:( )

« J2100A or J2101A for BODE Plot

LBYSmN..
A
0 MHz %

thi
Th5m,
an
240 Mz &

[
S1Z5GHs B0 puipt M)

ursors | Nete

th

130 b ufi | gy
il )
wwe | .
R Control Loop R .
L
@517 MH

| U
&THkHz
30 Dugrioes

@ 22 MARCH 2019
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5-PWR/6-PWR-New measurement

FREQUENCY RESPONSE ANALYSIS (FRA) i "

« Power Supply Rejection Ratio (PSRR) ) = —
o Ripple rejection by DC-DC circuit Ol CEEm o '
-Needs Option AFG on 5 series/6 series MSO KD EED B0 DD e
-2# TPP0502 probes (2x attenuation and very low ’ m ; =

input capacitance) ——
1z |
-Pico Test Injection transformer and Isolation 1 | | O |

100 kHz |

transformer:( hitps://www.picotest.com/)

s | em
1 MHz |
g |\

« J2120A for PSRR | —1

» Keithley Power Supply

e 22 MARCH 2019
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5-PWR/6-PWR-New measurement

Fle  Edit Uty Help

« Power Supply Rejection Ratio (PSRR)
o Ripple rejection by DC-DC circuit

-Needs Option AFG on 5series/6 series MSO

-2# TPP0502 probes (2x attenuation and very low
Input capacitance)

-Pico Test Injection transformer and Isolation
transformer:( )

« J2120A for PSRR

« Keithley Power Supply

i thi
200V | 195315
! A
50 Wbz | 250 e b

Teltronix
" i Wew,,

@ 22 MARCH 2019

40


https://www.picotest.com/

Frequency Response Analyser

« Our 1 BOX solution will be leveraging the built-in AFG

* Needs external pico test injector and Isolation :2130/)* 1Hz to SMHz
Bode
transformer.

» Addresses customer pain point of using multiple setups.
J2101A: 10Hz to 45MHz

Bod
* Will control Power supply needed for PSRR. (Bode)

Note: Customers need to invest in isolation/injection
transformers and LDO demo board available from Pico 12120A for PSRR

Test (hitps://www.picotest.com/) as per table:

VRTS1.5 Voltage Regulator
test Std

LW, PICOTEST. COM
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Amplitude and Timing Measurements for Power

Amplitude Analysis
*  Cycle Amplitude
« Cycle Top Bie ot appikation
* Cycle Base
*  Cycle pk-pk

l Amphtude Cyde Amphbude

TR Cydle Tap

+  Cycle Maximum ey e

Cyde Feak-tc-Feak  Cyde Feak-io-Feak

° CyCIe Minimum : e Maximum e Kaximum

tion Utility

Timing Analysis
© Period E—
*  Frequency
« Positive Duty Cycle
*  Negative Duty Cycle

*  Positive Pulse width
*  Negative Pulse width

«  Configure
o  Time Trends
o  Histogram

Ch1

S Vidw 200 mafdre | 100 m\dre | 4.2544 ns... | 4.2544 ns...
Positive P...

100 1 MO 100 Pasithe P...
100 MHz % | 120 MHz ® | 500 MHz % | Rover 5

Help

Power 5

Chi
Ch1
Chi
Ch1
Chi

18.185%
18.237 v
52.404 miv
13.708 W
15.305 W

17.553 %
1813w
18745 my
13303 v
18.554 v

18.407 W
18.358 W
27E.B miv
20158 W
15.702 v

57.575 mi\*
51.548 mi"
55.578 mi\*
155,34 miv"
180.E miv

Perod

18323 17.508%
18.363 W 17.735W

3I7TFET MW -SEE S my

13.864 W 18.745 W
15.454 18.505

Chit

Frequency chi
Foative Cuty Cyde Pasitre Duty Cycle Cht
Negative Duty Cyde  Megatwve DutyCycle  Ch i
Foutive Puse Width Pasie Fuke Width Chi
Negative Puse Width  Negative Fuks Width  Ch 1

POSITIVE PULSE WIDTH

CONFIGURE

20.805 358.28 miv

20.285 W 27804 miy

355.15 miv 52.482 miv

21.073 v 33628 M

20.455 W 320.84 miv

5.6437 ps

103.7 kHz
€68.535 %
31.465 %
£.6032 ps
3.0342 ps.

562155 S.6685 s
10343 kHz 10353 kHz
68.375% 6635 %
31305 % 362/ %
£.555 ps £.6252 s
301395 3.0535ps

REFERENCE LEVELS

AL: 15,364 kpis U 50% ) |

Add Newe...

2
Froquency'
;1037 kHz

Power 3 -
Power 4 .

;. 314%

Bl Positive Pulse Width
[ 6614 s

Power & .

Negatwe Pulse Width'
p 3.027 ps

6 ]
Cypcle Masimum®
g 1985V
L]
tive Cycle?

; -A30

Triggard

e 3/22/2019
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Advanced Power Measurements and Analysis
Software - Ordering Information

5 series Bandwidth options Record Length option Recommended Options
Oscilloscopes

MSO54 350 MHz : 5-BW-350 5-RL-125M: Extend record length to
MSO56 500 MHz : 5-BW-500 125 Mpoints/channel 5-WIN: Add removable SSD with Windows 10
MSO58 1GHz  :5-BW-1000 license
2GHz  :5-BW-2000
MSO58LP 1 GHz 125 Mpoints/channel (standard)

6 series Bandwidth options Record Length option Recommended Options
Oscilloscopes
MSO64 1GHz :6-BW-1000 6-RL-125M: Extend record length to
2.5GHz :6-BW-2500 125 Mpoints/channel 6-WIN: Add removable SSD with Windows 10
4GHz : 6-BW-4000 license
6GHz : 6-BW-6000
8GHz : 6-BW-8000

e 3/22/2019



Advanced Power Measurements and Analysis
Software - Ordering Information

New Instrument order option Product upgrade option Supported Instruments

5-PWR, 5-PS2,5-PS2FRA SUP5-PWR 5 Series MSO oscilloscopes (MSO54,MS0O56, MSO58, MSO58LP)

SUP5-PWR-FL Floating licenses are transferrable from any 5 Series scope to any other
5 Series scope
PS: They are not transferrable to DPO/MSO5k/7k/70k products

New Instrument order option Product upgrade option Supported Instruments

6-PWR, 6-PS2,6-PS2FRA SUP6-PWR 6 Series MSO oscilloscopes (MSO64)

SUP6-PWR-FL Floating licenses are transferrable from any 6 Series scope to any other
6 Series scope
PS: They are not transferrable to DPO/MSO5k/7k/70k products

Additional information about power analysis is available at www.tek.com/applications/design_analysis/power.html

5-PS2 5-PWR, TCPO0O30A, THDP0200, 067-1688-xx deskew fixture
6-PS2 6-PWR, TCPOO30A, THDP0200, 067-1688-xx deskew fixture
5-PS2FRA 5-PWR, TCPO030A, THDP0200, 2#TPP0502 passive probes,067-1688-xx deskew fixture
6-PS2FRA 6-PWR, TCPO0O30A, THDP0200, 2#TPP0502 passive probes067-1688-xx deskew fixture

e 3/22/2019 44



Summary

« Bestin class 5/6 Series Oscilloscope with multiple FlexChannel® and state of the art GUI
« Upto 8 (5 Series) and 4 (6 Series) analog channels enables multi point probing capability leading to faster
validation and test times hence achieve faster time to market.
« 6 Series with its best in class front end amplifier enables designers to look at signals not seen before.
« Digital Channels allow insights to the protocol decode of power buses.

 |Isovu™ probes enables to captures signals which were not possible earlier
« Bestin class CMRR specification
» ldeally suited for WBG testing

* Integrated Advanced Power Analysis and Measurement software
 Ease of use

 Accuracy
* Repeatability
 Reports

« 1 BOX Solution for Power measurements and Frequency Response Analysis

Complete solution including Oscilloscopes, Probes, Power Analyzers, SMUs, AFGs, DMMs,
Power Supplies and Parametric Test setups meeting Power design workflow needs.

e 22 MARCH 2019



Get more visibility into your power supply designs

Reference Materials :

1. 5 Series MSO Data sheet: https://www.tek.com/datasheet/5-series-mso
2. 6 Series MSO Data sheet: https://www.tek.com/datasheet/6-series-mso
3. 5-PWR and 6-PWR Advanced Power Measurements and Analysis Data sheet. https://www.tek.com/datasheet/advanced-power-measurement-and-analysis
4. Isolated Probes: https://www.tek.com/isolated-measurement-systems
5
6

. https://www.tek.com/power-efficiency/trends
. Application Notes:1.) https://www.tek.com/document/application-note/power-supply-measurement-and-analysis-5-pwr-application-software
2.) https://www.tek.com/document/application-note/circuit-measurement-inductors-and-transformers-oscilloscope
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https://www.tek.com/document/application-note/circuit-measurement-inductors-and-transformers-oscilloscope

Thank You

47



Back-up
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Advanced Power Measurements and Analysis-
Complete Solution

Get more visibility into your power supply designs
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End-to-End Power Electronics Test Solutions

//'.

Conversion Efficiency and Compliance Testing

Power Analyzers

Design Verification and Debug
Oscilloscopes & Power Probes

Input Filter

g.

Switch Transformer Rectufler & Flltev

H ® Moo

VOU'&

Typical
Power Supply,
Inverter, or

\Converter

Pwﬁr\ \ g

/

Semiconductor
Characterization

Parametric Curve Tracer

Control Circuit

Signal and
Waveform Creation
Arbitrary Function Generators

DC Analy5|s and Test
Source Measure Units,
DMMs, and Power Supplies

e 3/22/2019
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