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MARKET & TECHNOLOGY TRENDS

As computing power grows, so does
its power consumption

Computing power and power saving
are equally important

We need to focus on improving energy
efficiency from the start
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MARKET & TECHNOLOGY TRENDS

Before Traditional 48V System Dominance
2020 Data centers primarily used 48V DC distribution,

an upgrade from 12V systems
- g eap e 7
—— ST I

2021 [nitial 380V HVDC Adoption ORVEHPR Hyperscale Rack Al Compute Rack
202  Some large data centers began piloting T R ——— HVDC Power Sidecar SR e

380V HVDC systems i (amn __ spsus T I —-

—1__ T 3-ph ,....,....}3';PSU5’ e
)02 3NVIDIA Introduces 800V HVDC Sv Wt e R el -
I (Super capacitors + DCDC) a DCDC shelf

To address high power demands of Al servers — e ———— 3 . sy

2 0 2 4nviDIA proposed an 800V HVDC architecture Crglbang " Shel = BBUS/ §8| T w
(Bat+DCDC) " shelf , g e - -

2025 Industry Collaboration & Standardization
2027 NVIDIA collaborates with power supply manufacturers to

promote 800V HVDC standardization
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Source: NVIDIA Developer, Electronic Design, Navitas Semiconductor



MARKET & TECHNOLOGY TRENDS

With the growth of Al computing power demand, the power density of single servers and

racks has experienced explosive growth, escalating from kW to MW. ° ° @

Traditional Servers (2015 -2020) AT DCDC stage

2-L TP PFC 3-LFC TP PFC 2-L LLC interleaved 3-phLLC

Single server power consumption:200-500W
Rack power density:5-8k\W

Al Servers (2020 -2025)

Single server pa@keWw consumpti aon-
Rack powerlOdeMmsity: PFC stage

DCDC stage

2-L TP PFC 3-LFC TP PFC 2-L LLC interleaved 3-phLLC

High -Performance Al Servers (2023 -2027) :L..

Single server power consumption:>10k\W
Rack power density:>100k\W

3~

. PFC stage
Future Al Factories (2027+) T-Type B6 2iovelLLe  ZLowlLLC o ) 0
; ) Top efficiency Popular design Simple design interleaved cascaded
Single server power consumption:>20kW D G @

GaN
sssss

Rack power density:>1M\W

6 Rohde & Schwarz B COMPANY RESTRlCTED
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MARKET & TECHNOLOGY TRENDS

80 PLUS

277V / 480V Internal Redundant 380V DC Internal Redundant
Certification
% of Rated Load 5% 10% 20% 50% 100% 5% 10% 20% 50% 100%
e 80 PLUS
85% PFC >
80 PLUS Bronze 80% 82% 0.90 82% 80% 82% 85% 82%
BRONZE .
, 89% PFC >
80 PLUS Silver 82% 85% 85% 82% 85% 89% 85%
PLUS 0.90
SILVER
80 92% PFC >
80 PLUS Gold 85% 88% 88% 85% 88% 92% 88%
PLUS 0.90
80 , 94% PFC >
80 PLUS Platinum 88% 90% 91% 88% 90% 94% 91%
PLUS' 0.95
i 94% PFC >
80 PLUS Titanium 90% 0.95 96% 91% 90% 94% 96% 91%
TITANIUM '
90% PFC > 91% PFC > 95% PFC > 96.5% PFC > 92% PFC >
80 PLUS Ruby 90% 91% 95% 96.5% 92%
0.90 0.90 0.96 0.96 0.96

RUBY
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HI GHER PEAK POWER AND TRAN

GPU draws high peak power and high load transient

-Higher switching frequency is needed to increase the control loop bandwidth
Load for AC/DC Al power 45%

Solution 2: Energy Storage

Load
(%)
g Overshoot %
2 1 2 3 4 5 6
g Solution 4: Throttle GPU performance
3 ] ]
§ Average Load
2 charge T solution 3: Burn Power BBU
o
—_ T Idle
100 150 200 250 300
Time (ms) Solution 1: Optimize Idle Periods in Software
Overshoot
vt e [ Battery ][ Battery managements system ]  |_DC/DC converter
P Overshoot
State of art solutions for 48 V bus architecture
E St Topology Multiphase buck or boost Multiphase buck boost
3 idle from swing
Q
g. 0 150 300
g
mm';mi'mm Undershoot Time (ms) Limited to <44 Vgar max <B0 Vpat max
Rohde & Schwarz =44 kW COMPANY RESTRICTED

Source: NVIDIA Develop, Infineonr



MARKET & TECHNOLOGY TRENDS

12 Rohde & Schwar z

- DATA CENTER CHALLENGES

Increasing requirements regarding
3 1/O data rates

3 Processing power

3 Power density

Power delivery solutions need to provide
3 Low ripple / noise

3 Precise sequencing

3 Fast response on load transients

COMPANY RESTRICTED



CHALLENGES FOR HRERFORMANCE POWER

AFrequency
ADuty Cycle Digital Power ATiming and PWM Observation
AApparent Power (VA) Measurement AOutput voltage & Regulation

AActive Power (P)

anal

—
DC Server

— Board

Double Pulse Testing

Wide -bandgap ASwitching Loss
Semiconductor AReverse Recovery loss
ASemiconductor Parameters
13 Rohde & Schwar z COMPANY RESTRICTED

AConduction Debug
YIRS R NTNG NG| ARadiation Debug
AApplication
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INPUT ANALYSIS
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|

Accuracy Evolution in Power Measurement
Driven by Applications in Power Electronics

—-e- Application Accuracy Demands
—a— Best Power Analyzer Accuracy

3 Precision Enabl es C
Specification

3 1 naccuracy-CBmpksaNOGE
Failed Conformity

3 Reproducible & Comp:
Series
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Exampd %5ef ficiency
Measuri dd%er9 ®%% 10 0% -
Measur i O .%r 9 %€ 9 9 %6
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ZIMMER ANALYZER

Z=S ZIMMER Pracision Pawar Analyzer LMGS71 Measurement

e T G 6 g 8

3 EU Energy Label

3 Custom Menu

3 DualPath-Architecture

3 Integrated Custom Script Editor

1 s ERRTIRL Wik v Navow Devie e Viow 6 Seript Eflon
P o G E Cn

Total efficiency of electric drive: n = 0.62110

G ot

o wn e

Introl Introll Electric Drive 5 EUEnergy Label Script Samples Ino! Intoll | SiClaverter  Wide vs. Narrow  Device Example View 6 Seript Editor
Task: Power measurementwith maximum bandwidth AND EU Energy Label - Refrigerati ces - Requlation 2017/1369/EU

simultaneous aliasing-free harmenic analysis Total inverter efficiency testing - SiC traction inverter

Measured values:

Solution: Double and simultaneous sampling of the measurement . v E16: 308,199 Wh D = Input power PDC Output power PAC

signals using parallel paths, each with its own AD converter . B E32: 349.335 wh — ! 7. Fund: 258.876 kW
. D — AR Narrow: 259.132 kW

Duration : 1440.00 min — Wide: 259.951 kW

Results: i — HV battery AC output phase u
Efficiency eta:
97.787 %

24h energy
measurement: :328.767 Wh/24h

El6; a2 : 120,05 kWh/a

57 %
Speed n: 7998.12 rpm

Rohde & Schwarz COMPANY RESTRICTE



INPUT ANALYSIS: WHAT CAN WE MEASURE?

o5 Trigger Horizontal Acquisition 20250709
[E1  Edge 6 mA Auto 40 ms/div 5 MSa/s Sample 15:25:25
&

| B N m | B Q| & | s H

F Undo. Help cﬁvdsgr csacprfgr"e Annotate  Preset zﬁg‘rjn Measure Ag?gzgv;e DVM Trg'd 0s 2 Mpts 18 bitHD Hist235 & X
I’equency 258V [rbd + A 4
A Duty Cycle

’ Vol tage

PARAY

17.8V

120 ms

W
' Current RMS (I rms)

B Apparent Power (VA)

’ Active Power (P)

22 Rohde & Schwarz COMPANY RESTRICTED
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INPUT ANALY SIS
-FREQUENGYDUTY CYCLE

N = rd F4 N g2 _ Trigger Horizontal Acquisition
| C4 T 6 mA Auto 40 ms/div 5 MSa/s Sample

Add  Screen Add Add zone
Undo  Help  cyrsor  capture Annotate Preset  joon  Measure Tirgger DVM 3 Trg'd 0s 2 Mpts 18bItHD  Hist606

258V b + A 4

Pulsewidth modulation (PW

17.8V

ey ' : - control of sinusoids

160 ms -40 ms 0s 80 ms 120 ms

Traclshows the variation of
parameter for each cycle of
waveform

— — Pulse duration of PWM reaq
1 [@Poeyc 224% 1386964 173 |Oad C h ang es

+ + + + =
Q a “ (& 6 a C8 logic Math Bus Ref Spec Gen Menu

23 Rohde & Schwarz COMPANY RESTR




INPUT ANALY SIS
-VOLTAGE RMS & CURRENT RMS

Cycle RMS : Gate one full cycle

Two Ways to Measure RMS
Using DVM

Q

Add

td

Measure

- ' 4

‘Acquisition
18 BitD

Addz00e

Preset s

7 B
Addzone
oz o

Screen  amol

o Q

’
500 pnotate Frset | A8

-~
Undo

Q ~
raa

Help Measure

00,676 JEabA

e ———————————————»

. Z e EE—

D —— I R e

Voltmeter | Statist

DCRMS: 864929V

Wk ———————>

Volimeter  Statistics

Measure Current Event count

Voltmeter  Statistics

1 @ Pocy: Nne% 8017
[Hlfreq 668 Hz

3 @EIws
s

Current Event count

a181%

Measure
1 @

865V
L 192mA
0A

2 filFreq 669 Hz

3 @eins

2 4 Rohde & Schwarz

[}

G 6 O G logc Mah Bs Ref Spec Gen Meno
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INPUT ANALY SIS
-APPARENT POWER MEASUREMENT

Apparent Power = V, . x|

rms rms

Apparent power is the total power required to drive the circuit

B Measurement Met hod

Oscilloscope Measurement

Calculate V. and | . directly
from waveforms, then multiply

DVM Measurement

Uses digital voltmeter for continuous

measurement
(Without occupying waveform acquisition memory )

25 Rohde & Schwarz COMPANY RESTRICTED



| NPUT ANALYSI S
-APPARENT POWER MEASUREMEN]T

Active Power = Vx| (Cycle Mean.)
Active power is power actually consumed in a circuit

Measurement Method

Cycle Challenges

I Same as with Voltage measurements,
requires precise gate settings to cover
complete electrical cycles

° Solution

Use Gates and Mean Measurement to
ensure accurate cycle measurement

26 Rohde & Schwar z COMPANY RESTRICTED



INPUT ANALY SIS
-THRERPHASE SYSTEM PHASE ANALYSIS

In three-phase systems, comparing duty cycle tracks and current waveforms across
phases is essential for evaluating system balance.

In an ideal balanced three -phase
system, phases should be 120° apart

Oscilloscope makes three -phase
differences easy to see

Measurement results show phase differences close to
ideal values, confirming balanced system operation

27 Rohde & Schwarz COMPANY RESTR]



| NPUT ANALYSI S
-THRPHASE TOTAL POWER MEASI
iiﬁ ez % T ""’ :m ;Em » - (‘lD' QI’) » :ii
Three -Wattmeter Method TweNVatt meter Met ho

o Total system power (P, S, Q) is the sum of all three
phases

In balanced systems, total power can be considered

© as 3x any individual phase measurement

Requires measuring voltage from each phase to
neutral point

28 Rohde & Schwarz

Suitable for systems where phase -to-neutral
voltages cannot be measured

Measures line -to-line voltages instead of phase -to-
neutral voltages

Requires only two wattmeters to calculate total

© power in a three -phase system

COMPANY RESTRICTED



THRERPHASE TOTAL POWER MEASUREMENT
-THREE WATTMETER METHOD

53

V4 (=] Q 4
Add
200m

@ ~ (O]

Add Screen
Help cursor _capture Annotate  Preset

N

Add zone
Measure trigger DVM

Edge

Trigger

Normal

Horizontal
20 ms/div

Trg'd [

Acquisition
Sample
18 bitHD

5 MSa/s
1 Mpts

10V

Tab1 sk

Phase A

60ms 40ms -20ms 0s 20ms 40ms 60 ms

100 ms

Phase B

Phase C

v

/

/

/
0 - A

40 ms

5V*A

VA

PR

1v*A)

40ms -20ms 0s 20ms 40ms 60 ms

Math Ref ™ L
(MM P P2 | m
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100 ms

1 V’»’\
BV
L1 VA

2V*A

3V*A

5V*A

w3 V*A
7\/'/\/A

\

-40 ms

\ 4
FALY -

v

40 ms

100 ms

3viA\
2V*A Y
1V*A

(P3

--1V*A

2V*A
3V*A

5V*A

\ /A \ /\

v, \/

-40 ms

AL
Y

40 ms 100 ms

Hist454

PA1

Measure

1 [@Freq
2 [@] crRMS
3 [ CCrest
4 [@ cmax
5 [&] crRmS
6 [&] CCrest
7 [&] cMax

8 [ Apparent

9 [ Factor
10 [l Active
11 [l Reactive
12 [ Phase

Info

2025-07-09
20:57:52

& X

Current
1336 Hz
24A

143

343 A
710.11 mV
139

986.1 mV
1.71VA
957 m
163W
494.95 mVAR
16.85°

a

+ +
C8 Math Bus

+
Ref

+ =
Spec  Gen  Menu

PAT

Measure

1 Yi Freq

2 JH cRms

3 i CCrest
4 JH cMax

5 [@CRMS

6 [#] CCrest
7 [#]cMax

8 [ Apparent
9 [Hractor
10 [ Active
11 [ Reactive
12 [P Phase

Current
1338 Hz
2.79A
1.49

416 A
705.33 mV
122
858.7 mV
1.97 VA
792m
156 W
1.2 VAR
37.64°

COMPANY RESTRICTED

A1

Measure

1 JBFreq

2 JECrRMS
3 JBCCrest
4 JF cMax

5 [€]CRMS
6 [&] CCrest
7 (€] CMax
8 [E Apparent
9 [F Factor
10 [ Active
11 [F Reactive
12 [F] Phase

PA3

Current
1337 Hz
2.78A
1.46
4.06 A
696.95 mV
1.46
1.02v
1.94VA
786 m
1.52 W
1.2 VAR
38.18°




Acquisition
20 ms/div 5 MSa/s Sample
s

Add
Undo Help STeen  annoeae  Preset 1 Mpts 18 bitHD Hist1

Cursor  capture

Tab1 * v

Add z0ne
soom  Mexsure A0CT  ovm

PhaseB-C PAT
N T | Measire Current Measure Current
3 [ freq 1334 Hz 1 XE Freq 1337Hz
(&1 crms 24A 2 JE cams 2444
(@] cCrest 143 3 JE CCrest 141
4 [&] cmax 343A 4 JE cmax 343A
5 NI CrRMS 118V 5 JEGRMS 119v
6 JE CCrest 1.29 6 JE CCrest 13
7 M CMax 152V IE cMax 155V
8 [l Apparent 282 VA 8 [Z Apparent 289 VA
9 [l Factor 906 m 9 [F Factor 805 m
10 [ Active 255W 10 [ Active 233w
11 [] Reactive 1.19 VAR 11 [F Reactive 1.71 VAR
12 @] Phase 2499" 12 [ Phase 3639°

Phase A-C

10kHz 1y, 1V, 1y
AC TMQ / / Voit. .A\()
RI20208 C1G3 ov QG Auto Cure: M2
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Complementary Solution for Complete Testing

Basic Specifications

Specification Power Analyzer Oscilloscope
P i.e. LMG671 i.e. MXO5

Bandwidth 10 MHz 350 MHz i 2 GHz e
""gpee0000

Accuracy + 0,015% of rdg. + 5% full scale = =

Sampling .

Rate 1.21 MS/s 5 GSIs Power Analyzer Oscilloscope

Resolution 18 Bit ADC 12-bit ADC .

Complementary Solution for
Upto 14
Channels

(7 power channels) i & Complete Power Electronics Testing

. 1000Vrms / 5Vrms / 500hm ) )
Direct Inputs 32AMMS 300Vrms / IMOhm Precise Pow Ultrafast Signal
Analysis ?’ \? Analysis

31 Rohde & Schwarz August 2025 COMPANY RESTR



BANDGABEMICONDUCTORSTING
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WIDEBANDGABEMICONDUCTORSTING
-WIDEBANDGAP APPLICATION

Pou W]

# Higher Efficiency
LowRd@son), |l ess conduction

@Reduced System Si ze w
Hi gh frequency enabl es sma

“%* High Voltage & Temper at
Tol erates higher voltages

« Fast Switching Speed ™
| mproves dynamic response

@ System Cost Optimizati®
Efficiency cuts cooling and« passikve

» f, [Hz]

M 10M

1) PV = photovoltaic inverter
2) OBC = on-board charger

@ 33 Rohde & Schwarz COMPANY RESTRICTED



WIDEBANDGABEMICONDUCTORSTING
-DOUBLEPULSBUSE CASES

Datasheet generation 3 Double-pulse test allows to cover all four
— basic operation modes

3 All main parameters can be measured

Converter Design - Switching losses

- Reverse recovery losses

- Switching times
- Turn-on and turn-off delay time
- Rise and fall times

7N

Module selection
y )

C &bl

3 4 Rohde & Schwarz COMPANY RESTRICTED




WIDEBANDGABEMICONDUCTORSTING

-DOUBLBEPULSE TESTING

7’

Current Probe

35 Rohde & Schwarz

+15V

0

-15v

Load Current IL
0
ﬁ Collector Current Ic
Ve "
v ’

Gate-Emitter Voltage Vge

l¢—— variabel

—>N ca 15psfe—

(typ. 100us)

100us

pa

Caollector-Emitter Vn\tagg
’

Veco {
A Y

s-

Vee @1

Current
stress
gl
l
A v /
 Turn-off Turm-on P
Voltage
L8
~ stress
\ 1Vee
ﬂ"
~ Ry
‘\\ R

'
Switching losses
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DOUBLEPULSE TESTIN ‘g™ oo

TYPICAL SETUP e

e

SPDT Switch -
T [ i
I / : L
H | >
DC Power S T : i > Load
[ :
charge ca Doy Freewheeling Inductor
bank befor Lo L Diode DZS Ve !
: H |
the tes Lo Discharge . foac

P Resistor ( B \ i
i critical loop
H : | . .
! ! | Gate Driver ¥ Ip MX3Oscill oscec

DC Power [ I

Supply 4 ol Cg ARB Signal Generato

—— | | : el ey V
T | | l -1 ! I|I|Hlsignal.hi‘gh l

: : | |
o i i
e - [aws |
[ : :
i | l ! III"rs'lgnal,lcu.'\.' l
| I ! Discharge S _l
R \ switch
P
R \_
| i |
L
|

== e 0@R 88
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DOUBLHEPULSE TESTING

-THEORY AND TEST PROCEI

"Inductor :
and DUT ‘e
current e«

‘GatSource Voltage
T
— - = —
VC.ME‘|l¥?
"Drain -Source Voltage
Voe \
= - o

i
i
"
3 L}
; ! T Threak i Ta
in i i
I 1 !
[ BT
It
T ———————— . . S—
L1 Threak Tz

37 Rohde & Schwarz

Load

- Inductor
l i ng lVF Ligad
. .
1 —
T — Interval t,
G Low-side switch turn on
= s Voltage is applied to the inductor
IJI"_—' N l"m Inductor current rises linearly
VG;\
iL
—_— Lo:d
oK || S0, Interval tp,ea
Ie — Low-side switch turn off
b our Inductor current freewheels
| G through the diode
R NI
VGS\‘
. —_— Load
Inductor
K B E
. il — Interval t,
i our Low-side switch turn on again
G Reverse recovery current can
= N be captured on the probe
Pz [
VG;\
— — COMPANY RESTRICTED




DOUBRWBL SE TESTI NG
-THEORY AND TEST PROCEDURE

' Gate-Source Voltage
Vigwane __=- Switching loss
—— ; ................................... : - _ ,::’ P
VLMF‘M ' - -7 - e - .
=T _» Conduction loss
' Drain -Source Voltage JPlae L=z
Voe PR -7 ’/ e ’
-7 Coss
S T o t /’ -, - -
.-'/-_ ‘ \'\ - -7
‘Inductor St
and DUT '~ 3 B e
current ;
_____________________________________ .
io
R Rt S E P T L Qrr
s B P o NI Lt
lon 4
4
J
38 Rohde & Schwarz
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SETTING UP THE MEASUREN.Z>~
‘R&S DOUBLE PULSE TEST

GFM347 Double Pulse Test

Vslgr\al‘lnw e — ey
I Uswg'\almgh

GFM347 Double Pulse Test

signal low & GFM347 Double Pulse Test Applicatior

ARB Signal GFM347 Double Pulse Test

Generator

ROHDE&SCHWARZ

Measurement Overview | Parameters | Waveform Generation | Instrument Setup

3 1 mportant considerations o
-Right signal | evel s =
-Correct pulse width sett Wartom Genrtion

Generator IP address

Select double pulse waveform

00us_tg_5,00us_stim_5,00Vpp_20201222_112624.cs5v
DPWfm_t1_5,00us_{2_5,00us_tg_5,00us_stim_1,00Vpp.csv
™

3 Ti pdli:ways check ARB signal
setup

39 Rohde & Schwarz COMPANY RESTRICTED



SETTING UP THE MEASUREMENT
-VOLTAGE PROBING

Low side gate driver measurement High side gate driver measurement

3 Very high bandwidth
3 Input voltage range of +/-50V
Tips: Avoid long ground leads

3 Measurements with highest precision
3 High CMRR to suppress switch-node signal

Probe:RT-ZP11 / RT-ZS10 Probe:RT-ZISO

4 0 Rohde & Schwarz COMPANY RESTRICTED



SETTING UP THE MEASUREMENT
-CURRENT PROBING

3 Basic requirements
- High measurement bandwidth
- Sensor as small as possible
- Low insertion inductance

DC

MNo No

7N our —
J:!* M ZE puT

c::: Rogowski Coil
» .“ or Current
Transformer

- Coaxial shunt Rogowski probe Current transformer

A Very high bandwidth (2 GHz)
P r o OA<dDC-measurement capability
A Very low insertion inductance

A Limited maximum current
Coni .
A Design-in of sensor necessary

41 Rohde & Schwarz

APhysically

s man d A Highdandwitth 6~20§ MHz)
of sensor necessary

A High current possible

A Limited bandwidth
(typically 30-50 MHz but recently
also higher bandwidth up to 100 MHz
available)

A Limited accuracy

A Large sensor with core, limits
the possibility to have low-
insertion inductance designs

COMPANY RESTRICTED



4 N\
SETTING UP THE MEASUREMEN v Noormotenoughde skew
Falling
-DESKEW BASICS e o os
3;/2:;§ge and current probes Pt hiag | ow r
. J
3 Exampl es
4 )
-High voltage di fBesegtoap]|'s Too much de skew ‘o
-Cl aqom current prbdhes:
- Smal | | oop RogowdRi20ps obe
Wrong
Pwitching 100 high
3 For accurate switching | os$_m-v—u-=,—e.—.—vt—?£f‘—w—_r/e
h as . t o e Sma ”“"‘”“wva)t E(VDS Right level of de -skew iD\
PSWitching correct
RT-ZF20 Power De -skew Fixture \- - J

42 Rohde & Schwarz
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A PRACTICAL EXAMPLE

Gate-Source Voltage

V

< positive

Inductor
and DUT ‘-

current e’

I -

ot -

43 Rohde & Schwarz

- . ,7
____________________ I
T1 r Threak T2
rce Vol tage
\
|l\j
..................... Pr—
L5} Threak T2
T
' T Threak T2
.........................................
L1 Threak T2

Diagram1: Ch3 cJ ]l
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A PRACTICAL EXAMPLE
-TURNON ENERGY

10 % of test current 10 % of test voltage

M1 . M2 MJ. Ma M5

setup Display

Operator

Operator

Source 1

Channel 1

MS. Md M5

Display

Operator

Operator

Source 1

Channel 1

0

44  Rohde & Schwarz

M6 M7 MB Al

Label

Filter

Source 2

Channel 3

M6 M7

Label

Filter

Source 2

Channel 3

Horizontal

Trigger

Acquisition

Measurement

Cursor

Spectrum

Math

Horizontal

Trigger

Acquisition

Measurement

Cursor

Spectrum

2020-12-02
16:22:52

T
10 ns )

4 |DC 1M / N BW: 500 MHz

- 200 s
e 7 s
- 150 s -
- 75 pns-

75 wines 5

COMPANY

Horizontal U-Seg

Ch1Wwfm1
50 Wdiv
2 div 287 W
DC 1M BW: 200 MHz
Sample

5 A/div
0 div 15 A

Sample

-
Scale: 2 kWw/div
IMasx: 16 kil
Chi*Ch3

dE_

Scale: 75 W s/div
Max: B75 UWHs
integral{Math1)

RESTR



SOFTWARE SOLUTION

DPT Software SOA Measurement

"PE-CHARACTERIZATION

45 Rohde & Schwarz COMPANY RESTRICTED
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DIGITAL POWBREASUREMENT CHALLENGES

Ghf g bt : — : Probing challenges
knv unk g :f€® = & highdensity design

High bandwidth ;j I & 3 Power integrity and
transient response 4 ., | - noise

Advance control anoNg'’ B . BB _ as Power loss and
telemetry decoding %L 4 A < efficiency measurems

47 Rohde & Schwarz COMPANY RESTRICTED



MULTIPHASEHASE BUCK CONVERTER

Benefits:

3

n (%]

Reduced voltage ripple

A Reduce capacitor usage

Phase management optimizes efficiency
across loads

Reduced thermal for high currents

Improved load transient response time

A

1-phpcm 1PhCCM  2-ph 3-ph

v

48 Rohde

Load [A]

& Schwar z

PHASE3 L
T —1%;

Load step up

Cou

T| 1 lLoao

VSW

LT

Phase 1, Phase 2

P oSS

SET
PWM1
PWM2
PWM3
PWM4
PWMS
PWME

t
Phase 1, Phase 2,

Load step down
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MEASUREMENT CHALLENGES
- MULTPHASE CONTR&IPOWER SEQUENCING

Timing Measurement PWM Monitoring

Ensure each component is turned on at | JAnalyze switching frequency, duty cycle,

the correct time and phase to optimize efficiency &
Sosq;::gal va ;0‘0 atiometric Slmsu!l;;n:ous Stablllty

DELAY
VAC J Phase 1 - Switch Node
PS_ON# I
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POWER SEQUENCING
CHALLENGESMEASUREMENT

3 Steeper slew rates

Ratiometric Simultaneous
Startup Startup

3 Higher currents & lower voltage

Sequential
Startup

3 Multiple power rails

3 Power supply noise and ripple
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MULTPHASE CONTROL & POWER SEQUENCING
-TIMING MEASUREMENT

“ @ [C] ' = Q re N Trlg%evr » H;)rlzir;tal e A(;]um!uon
Screen- Add Add zone uto ms/div als ample
Undo Help Annotate  Preset Measure "4 cor Not ready 160 ms. 10 Mpts 12 bit

shot zoom

Multrchannel for multils

measurement

COMPANY RESTRICTED



MULTPHASE CONTROL & POWER SEQUENCING
-TIMING MEASUREMENT
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