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Improving computing performance and lowering 

power consumption are two sides of the same coin.

ǛIEA̘ ̘  ̘
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As computing power grows, so does 

its power consumption

We need to focus on improving energy 

efficiency from the start

Computing power and power saving 

are equally important

MARKET & TECHNOLOGY TRENDS
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Before 

2020

Traditional 48V System Dominance

Data centers primarily used 48V DC distribution, 

an upgrade from 12V systems

2021-

2022

Initial 380V HVDC Adoption
Some large data centers began piloting 

380V HVDC systems

2023-

2024

NVIDIA Introduces 800V HVDC
To address high power demands of AI servers

NVIDIA proposed an 800V HVDC architecture

2025-

2027

Industry Collaboration & Standardization

NVIDIA collaborates with power supply manufacturers to 

promote 800V HVDC standardization

Source: NVIDIA Developer, Electronic Design, Navitas Semiconductor 
COMPANY RESTRICTED

MARKET & TECHNOLOGY TRENDS
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With the growth of AI computing power demand, the power density of single servers and 

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

Traditional Servers (2015 -2020)
Single server power consumption:200-500W

Rack power density:5-8kW

Source: AFCOM, Enconnex, Ramboll, NVIDIA, Infineon 

AI Servers (2020 -2025)
Single server power consumption:1-8kW

Rack power density:<100kW

High -Performance AI Servers (2023 -2027)

Single server power consumption:>10kW

Rack power density:>100kW

Future AI Factories (2027+)
Single server power consumption:>20kW

Rack power density:>1MW
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MARKET & TECHNOLOGY TRENDS

Si SiC GaN
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GPU draws high peak power and high load transient

-Higher switching frequency is needed to increase the control loop bandwidth

HIGHER PEAK POWER AND TRANSIENT DYNAMICS 

Load for AC/DC AI power 

Source: NVIDIA Develop, Infineonr

BBU

Battery Battery managements system DC/DC converter
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Increasing requirements regarding

Ʒ I/O data rates

Ʒ Processing power

Ʒ Power density

Power delivery solutions need to provide

Ʒ Low ripple / noise

Ʒ Precise sequencing

Ʒ Fast response on load transients

MARKET & TECHNOLOGY TRENDS
- DATA CENTER CHALLENGES

COMPANY RESTRICTED12



Rohde & Schwarz

CHALLENGES FOR HIGH-PERFORMANCE POWER

Server

Board

DC

DC

0V

+400V

-400V

Input analysis
Digital Power

Measurement 

Wide-bandgap

Semiconductor

COMPANY RESTRICTED

ÅFrequency

ÅDuty Cycle

ÅApparent Power (VA)

ÅActive Power (P)

Double Pulse Testing

ÅSwitching Loss
ÅReverse Recovery loss

ÅSemiconductor Parameters

ÅTiming and PWM Observation

ÅOutput voltage & Regulation

13

EMI Debugging

ÅConduction Debug 

ÅRadiation Debug 

ÅApplication



INPUT ANALYSIS
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HIGH MEASUREMENT PRECISION
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Ʒ Precision Enables Correct Device 

Specification

Ʒ Inaccuracy Risks Non-Compliance and 

Failed Conformity

Ʒ Reproducible & Comparable Measurement 

Series

 Example: 99.5% efficiency 

Measuring error Ü1%:       98.5% é 100.5%

Measuring error Ü 0.1%:   99.4% é 99.6%
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ZIMMER ANALYZER

COMPANY RESTRICTED

ƷEU Energy Label

ƷCustom Menu

ƷDualPath-Architecture

Ʒ Integrated Custom Script Editor
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INPUT ANALYSIS: WHAT CAN WE MEASURE?

Frequency

Duty Cycle

Voltage RMS (V rms)

Current RMS (I rms)

Apparent Power (VA)

Active Power (P)
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INPUT ANALYSIS
-FREQUENCY& DUTY CYCLE

COMPANY RESTRICTED

Track shows the variation of a 
parameter for each cycle of the 
waveform 

Pulse duration of PWM react as 
load changes

Pulse-width modulation (PWM) 
control of sinusoids 
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Vrms Irms

24 COMPANY RESTRICTED

Two Ways to Measure RMS

INPUT ANALYSIS
-VOLTAGE RMS & CURRENT RMS

¸ Cycle RMS : Gate one full cycle

¸ Using DVM
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Apparent Power = Vrms  × Irms

Apparent power is the total power required to drive the circuit 

Measurement Method Comparison

Oscilloscope Measurement

Calculate Vrms and Irms directly 

from waveforms, then multiply 

DVM Measurement

Uses digital voltmeter for continuous

measurement
(Without occupying waveform acquisition memory )

COMPANY RESTRICTED

INPUT ANALYSIS
-APPARENT POWER MEASUREMENT
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Active Power = V× I (Cycle Mean.)

Cycle Challenges

Solution

COMPANY RESTRICTED

Same as with Voltage measurements, 

requires precise gate settings to cover 

complete electrical cycles 

Use Gates and Mean Measurement to 

ensure accurate cycle measurement 

 

Measurement Method

INPUT ANALYSIS
-APPARENT POWER MEASUREMENT

Active power is power actually consumed in a circuit 
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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

COMPANY RESTRICTED

INPUT ANALYSIS
-THREE-PHASE SYSTEM PHASE ANALYSIS
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Three-Wattmeter Method

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

In balanced systems, total power can be considered 
as 3× any individual phase measurement 

Requires measuring voltage from each phase to 
neutral point 

Two-Wattmeter Method

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

INPUT ANALYSIS
-THREE-PHASE TOTAL POWER MEASUREMENT 
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THREE-PHASE TOTAL POWER MEASUREMENT 
-THREE WATTMETER METHOD
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THREE-PHASE TOTAL POWER MEASUREMENT 
-TWO WATTMETER METHOD
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Basic Specifications

Specification
Power Analyzer

i.e. LMG671

Oscilloscope

i.e. MXO5

Bandwidth 10 MHz 350 MHz ï 2 GHz

Accuracy ±  0,015% of rdg. ±  5% full scale

Sampling 

Rate
1.21 MS/s 5 GS/s

Resolution 18 Bit ADC 12-bit ADC

Channels
Up to 14

(7 power channels)
4, 8

Direct Inputs
1000Vrms / 

32Arms

5Vrms / 50Ohm

300Vrms / 1MOhm

OscilloscopePower Analyzer

Complementary Solution for Complete Testing

August 2025 COMPANY RESTRICTED

Complementary Solution for 

Complete Power Electronics Testing

Precise Power 

Analysis

Ultra-fast Signal 

Analysis



WIDE-BANDGAPSEMICONDUCTORTESTING
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 Higher Efficiency
Lower Rds(on), less conduction loss

  Reduced System Size
High frequency enables smaller magnetics

High Voltage & Temperature Capability
Tolerates higher voltages and temperatures

Fast Switching Speed
Improves dynamic response

System Cost Optimization
Efficiency cuts cooling and passive costs

WIDE-BANDGAPSEMICONDUCTORTESTING
-WIDE-BANDGAP APPLICATION
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WIDE-BANDGAPSEMICONDUCTORTESTING
- DOUBLE-PULSE USE CASES

Module selection

Datasheet generation

Converter Design

34

Ʒ Double-pulse test allows to cover all four

basic operation modes

Ʒ All main parameters can be measured

-Switching losses

-Reverse recovery losses

-Switching times

-Turn-on and turn-off delay time

-Rise and fall times

COMPANY RESTRICTED
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WIDE-BANDGAPSEMICONDUCTORTESTING
-DOUBLE-PULSE TESTING

35 COMPANY RESTRICTED
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DOUBLE-PULSE TESTING
-TYPICAL SETUP

DC Power Supply to 

charge capacitor 

bank before starting 

the test

critical loop

COMPANY RESTRICTED

Loop inductance critical for test

RTM3000 Oscilloscope

HMF2550 ARB Generator

DBT SW

RTM3000 Oscilloscope

MXO 4 Oscilloscope
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DOUBLE-PULSE TESTING
-THEORY AND TEST PROCEDURE

37

Interval t1
Low-side switch turn on

Voltage is applied to the inductor

Inductor current rises linearly

Interval t2
Low-side switch turn on again

Reverse recovery current can 

be captured on the probe

Interval tbreak
Low-side switch turn off

Inductor current freewheels 

through the diode

Gate-Source Voltage

Drain -Source Voltage

Inductor 

and DUT 

current

COMPANY RESTRICTED
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Gate-Source Voltage

Drain -Source Voltage

Inductor 

and DUT 

current

DOUBLE-PULSE TESTING
-THEORY AND TEST PROCEDURE

38

Conduction loss

Switching loss

Coss

Qrr

COMPANY RESTRICTED
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Ʒ Important considerations

-Right signal levels

-Correct pulse width setting

Ʒ Tipp: Always check ARB signal when creating new 

setup

SETTING UP THE MEASUREMENT
-R&S DOUBLE PULSE TEST TOOL

39 COMPANY RESTRICTED
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SETTING UP THE MEASUREMENT
-VOLTAGE PROBING
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Low side gate driver measurement High side gate driver measurement

Ʒ Very high bandwidth

Ʒ Input voltage range of +/-50V

Tips: Avoid long ground leads

Ʒ Measurements with highest precision

Ʒ High CMRR to suppress switch-node signal

Probe:RT-ZP11 / RT-ZS10 Probe:RT-ZISO
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SETTING UP THE MEASUREMENT
-CURRENT PROBING
Ʒ Basic requirements

-High measurement bandwidth

-Sensor as small as possible

-Low insertion inductance

41

Coaxial shunt Rogowski probe Current transformer

Proôs
ÅVery high bandwidth (2 GHz)

ÅDC-measurement capability

ÅVery low insertion inductance

ÅPhysically small, no ñdesign-inò 

of sensor necessary

ÅHigh bandwidth (~200 MHz)

ÅHigh current possible

Conôs
ÅLimited maximum current

ÅDesign-in of sensor necessary

ÅLimited bandwidth
(typically 30-50 MHz but recently 

also higher bandwidth up to 100 MHz 

available)

ÅLimited accuracy

ÅLarge sensor with core, limits 

the possibility to have low-

insertion inductance designs

COMPANY RESTRICTED
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SETTING UP THE MEASUREMENT
-DE-SKEW BASICS
Ʒ Voltage and current probes have different group 

delay

Ʒ Examples

-High voltage differential probe: ~8 ns group delay

-Clamp-on current probe: ~15 ns

-Small loop Rogowski probes: ~12 ï 20 ns

Ʒ For accurate switching loss measurements the delay 

has to be compensated (De-skew)

42

RT-ZF20 Power De -skew Fixture

Falling 

edge of VDS

Rising edge of ID

No or not enough de -skew
iDvDS

Pswitching too low
Wrong

Too much de -skew iDvDS

Pswitching  too high

Wrong

Right level of de -skew iDvDS

Pswitching  correct

Good

COMPANY RESTRICTED
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A PRACTICAL EXAMPLE

Gate-Source Voltage

Drain-Source Voltage

Inductor 

and DUT 

current

COMPANY RESTRICTED43
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A PRACTICAL EXAMPLE
-TURN-ON ENERGY

44
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10 % of test current 10 % of test voltage

ὖ ὺ ὸẗὭὸ

Ὁ ὖ  Ὠὸ
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SOFTWARE SOLUTION

DPT Software Switching LossSOA Measurement
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DIGITAL POWER MEASUREMENT 
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DIGITAL POWER MEASUREMENT CHALLENGES

Ghfg btqqdms
knv unks`fd

High bandwidth 
transient response

Advance control and 
telemetry decoding

Probing challenges in 
high-density design

Power integrity and 
noise

Power loss and 
efficiency measurement

COMPANY RESTRICTED47
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é

MULTIPHASE-PHASE BUCK CONVERTER

Benefits:

Ʒ Reduced voltage ripple

Ą Reduce capacitor usage

Ʒ Phase management optimizes efficiency 

across loads

Ʒ Reduced thermal for high currents

Ʒ Improved load transient response time

48 COMPANY RESTRICTED

Load step up Load step down
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MEASUREMENT CHALLENGES
- MULTI-PHASE CONTROL& POWER SEQUENCING 

Timing Measurement PWM Monitoring

COMPANY RESTRICTED

Ensure each component is turned on at 

the correct time

Analyze switching frequency, duty cycle, 

and phase to optimize efficiency & 

stability

49
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POWER SEQUENCING
CHALLENGES & MEASUREMENT

50 COMPANY RESTRICTED

Ʒ Steeper slew rates

Ʒ Higher currents & lower voltage

Ʒ Multiple power rails

Ʒ Power supply noise and ripple
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MULTI-PHASE CONTROL & POWER SEQUENCING
-TIMING MEASUREMENT

Multi-channel for multi-rails 
measurement
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Rohde & Schwarz

MULTI-PHASE CONTROL & POWER SEQUENCING
-TIMING MEASUREMENT

Multi-channel for multi-rails 
measurement

COMPANY RESTRICTED

Flexible UI settings for 
convenient signal observation
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