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Wide bandgap technology
(SIC Fx{tAY and GaN FEfLER)
Is driving the market adoption
and paving way to new design
and testing requirements

» Electrification of vehicles
» Powering data centers
» Green power

» Energy storage

Power vs frequency on electronics:
device technology positioning in 2020
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2019-2025 power SiC market forecast split
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DOUBLE-PULSE TESTING E£fxErRIEH
MANY USE-CASES [&

Datasheet generation Module production test Module selection Converter Design

Maximum ratings

>

For ting conditions that do not exceed 0% of the
maximum ratings stated in thes datasheet. 1
R | g

Table2 Maximum ratings 3{ { ( o vk IS8 MG o5
Parameter Symbol Value Unit - -+ bty 1S = 1
Drain smurce voltage, Ta = 35°C v 1200 v 2, Hl‘ o
D drain Current for R e, it by T, Ve = 18V, - it S
Te25c W % A I NS sy
Ten a1 - s G
Pulses e by T Vi 18V o 168 A
oce T —
limite
=2 [ “ A
Ts ) %
Pulses limited by 65 A
Gate.
" duty cycs v n

y o '

Rohde & Schwarz Double Pulse Testing



WHY DOUBLE PULSE TESTING £ fxEHE T EIRE
EXAMPLE: TWO-LEVEL CONVERTER ££#£(\/#5 338

Buck PEEI{ Boost FHEREME

» A double-pulse test allows to cover all
four basic operation modes

Active

Lo ] ko \s » All main parameters can be measured
' — Switching losses FHESIEFE

$ 3 — Reverse recovery losses R RIWKEIRFE

— Switching times

— Turn-on and turn-off delay time

a — Rise and fall times

;K D2

Freewheeling
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THEORY AND TEST PROCEDURE
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WHY NOT SINGLE PULSE?

B8 Ar=/E-4= 7=

BEIEITAT?

» In most power devices, inductive load is bigger. When DUT turn off, inductive current continue to
flow, causing diode to turn ON.

» Turning ON the DUT at time stage, the diode will have a reverse recovery process. This is
unavailable if we only do a single pulse test.

» Double pulse test is hence more practical and realistic

Rohde & Schwarz Double Pulse Testing



BASIC OBSERVATION WAVEFORM
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TYPICAL SETUP
EAVAJEpElER
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TYPICAL SETUP

s ERE R =
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TYPICAL SETUP T e
@EEXEHJ—&?EJ’;E” Eit; RTM3000 OVSCi'II;)S;(:::
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Load inductor,
“stores” current for

SPDT Switch

e —————

the actual test

DC Power Supply to

Load
charge capacitor Freewheeling Inductor
bank before starting Diode DE l Y L
the test Discharge 1 load
Resistor JIF

§‘E\ DC Power
Supply C ;
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CIRCUIT CONSIDERATION
S EHEIEE S

» Components used in double-pulse test have
massive influence on test result

» Load inductor

— Trade-off between optimum pulse current and
constant current through break

— Duration of first pulse should be below 100us to
avoid self-heating of semiconductor

- Low parasitics very important, usually air coils used

Rohde & Schwarz Double Pulse Testing

Maximum inductance

Vpe
Llnad = T -

Itest

Minimum inductance

Lload = — Rs * Threak *




CIRCUIT CONSIDERATION
/== Sk £
EirEHEEESE
» Components used in double-pulse test have Minimum DC-link capacitor
massive influence on test result

Lipad Ifest
CB = 2
2-VpeAVpc—AVi,

» B) Capacitor bank
— Shall maintain DC-link voltage during test T

— Low parasitic inductance important T I

! Jl i» ! + + + + + 0\

- - . . . | I

— Multiple units with smaller capacitance are '\ T /7T T T T "
preferred T

— Film capacitors are usually the best choice

Small units in parallel
decrease stray inductance

Rohde & Schwarz Double Pulse Testing



THE EFFECTS OF PARASITICS
B ESEES,@?E’J?@‘

2,

Cop EPC

G _|_ Ls —‘7

» Parasitic components cause voltage spikes and ringing,
EMI interference and reliability problems
» Parasitics in application do not match with datasheet setup
- device losses differ additional testing required

» Stray inductance of utmost importance

Rohde & Schwarz Double Pulse Testing
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SETTING UP THE PULSE
N EARERA A IE
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Load
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Ty = Lpgap * v
DC

Tphreak 1S Set long enough for the
voltage and currents to settle out

T, usually short enough not to
exceed the reverse bias SOA

T4 + T, should not be too large to
create self heating of the DUT



SE'\I'TING‘UP THE ARB WITH APP
ERVR R =W AN

VS\Q"ﬂl low l il high H i . ‘
i AWG : » ‘
[V~ k 1

\

signal low L

Gate Driver

Generator

» Important considerations
— Clean turn-on procedure without any spikes
— Right signal levels

» Double pulse test App
— Create ARB waveform based on test parameters
— Recall ARB waveforms using descriptive names
— Directly upload to external ARB or oscilloscope

» Tipp: Always check ARB signal when creating new
setup

Rohde & Schwarz Double Pulse Testing

GFM347 Double Pulse Test

GFM347 Double Pulse Test
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Overview | Parameters | Waveform Generation  Inst et

Generator IP address

Select double pulse waveform

DPWfm_t1_40,00ns_t2_5,00us_tg_5,00us_stim_5,00Vpp_20201222_112624.csv
DPWfm_t1_5,00us_t2_5,00us_tg_5,00us_stim_1,00Vpp.csv
L




SETTING UP THE MEASUREMENT
HIERE - ERIFRER

>

Passive probes are sufficient for floating setups

- Typically possible for device characterization
setups

— Care has to be taken on any (unintentional)
grounding

Broadband differential probes are an attractive
alternative for floating setups

- Very high bandwidth of up to 1 or 2 GHz
— Very low loading (~ 1pF)

- Input voltage range of +/-50V DC with 10:1
attenuator

High-voltage differential probes are necessary if
system-under-test is grounded

- Typically the case for prototypes
- Provide CMRR to suppress switch-node signal

Rohde & Schwarz Double Pulse Testing
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VOLTAGE PROBING PRACTICAL ASPECTS
EEHEE

» Twisted of untwisted leads of differential probes

—_ S oo T L Single-ended RT-ZHD16
N il = ] W WL = input capacity | + meas. leads
v ‘ '\5(& -
. untwisted 9 pF
M minimizes the capacitive interferers are minimized twisted 12 pF
load on the measuring point
Ml oreater 'Ioad o.n il Rule of thumb: The differential input

oyl interferers are looped in measuring point capacitance is approx. half the single

ended capacitance

» Passive probe connectivity
— Avoid long ground leads
— Wrap ground leads if possible
— Us CM-chokes

Rohde & Schwarz Double Pulse Testing



VOLTAGE PROBING CMRR
Z o IR

» Key parameter is rise time

0.4 -
trise ¥ By S T e rvahor o eramstie— —-Rismeo- ]
¢ T
N e VOB, GV

et IMHz  10MHz 100 MHz o ol S iU S
50 \(\ i

» Switch-node voltage determines required CMRR * il [ﬂ
m i

. . ° T
Switch-node voltage swing 10V 100V 1000V . |
Required CMRR 20dB  40dB  60dB Fregquencyin Hz

for 1 V remaining CM signal
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CMRR (Attenuation 'Low')

Typical performance of HV-Diff Probes




SETTING UP_THE = MEASUREMENT
HIEEE - EiniNe e —— o ——

=]
No 7
» Basic requirements Ao
— High measurement bandwidth J Xk
9 DuT —
— Sensor as small as possible AN our

— Low insertion inductance -

{1 Rogowski Coil

R .* or Current
Transformer

- Coaxial shunt Rogowski probe Current transformer

Pro’s * Very high bandwidth (2 GHz) * Physically small, no “design-in” « High bandwidth (~200 MHz)
» DC-measurement capability of sensor necessary * High current possible
* Very low insertion inductance
Con’s * Limited maximum current * Limited bandwidth » Design-in of sensor necessary
+ Design-in of sensor necessary (typically 30-50 MHz but recently also higher o | arge sensor with core, limits
bandwidth up to 100 MHz available) .
. Limited accuracy the possibility to have low-

insertion inductance designs

Rohde & Schwarz Double Pulse Testing



DESKEW BASIC
HRZERIE

» \oltage and current probes have different group delay

» Examples

— High voltage differential probe:

— Clamp-on current probe:
— Small loop Rogowski probes:

~8 ns group delay
~15ns
~12-20ns

» For accurate switching loss measurements the delay
has to be compensated for (de-skew)

— Often de-skew fixtures used but for double-pulse

testing often not practicable

RT-ZF20 Power Deskew Fixture

Rohde & Schwarz

Double Pulse Testing

No or not enough de-skew

Falling
edge of Vpg

switching too low

Rising edge of I

Too much de-skew
A’\

Wrong

Pswitching too hlgh

Right level of de-skew

Pswitching COITeCt




A PRACTICAL EXAMPLE EHIZ=%!
650V 4-PIN TO-247 SIC MOSFET (ROHM), 400V DC LINK

Gate-Source Voltage

| piagram3:ch2 o

Vipositive

R — T B t Gate-Source-Voltage ...
T Toreak T2 |
Vinegative =1
Drain-Source Voltage
piagram2: chl o
VDC =
P s T T S 7 t

Inductor |
and DUT
current '

il Diagraml:Ch3 eJd

i Threak T2
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TURN-ON AND TURN-OFF TIMING AND ENERGY
FERRIEIEN FEEIIEHIE

Timings

Vgs
25 ) Joypm—

r'_d(uon) -

Pluse Width

90 %
50 % 50 %
10 %
10 % 10 %
90 % L 90 %
-1
ty td(orr) f
Lon Losy

Rohde & Schwarz

ip

Losses

10 % 10 %

Definition from IEC 60747-8 for MOSFET

Double Pulse Testing



A PRACTICAL EXAMPLE 8227
TURN-ON ENERGY $TRITN==

Diagram1: Chl . g8

10 % of test voltage

rain-Sourcef\Voliige

. - — = = Ch1Wfm 1
| " —

10 % of test current SHUFCE-CUFFERT

Ch3wfm1

Poyrn—on = vDS(t) ) iD(t)

tpcio
Eon - Pturn—on dt
Lltest1o
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PRACTICAL EXAMPLE
DE-SKEW #8{:4%1E

2020-12-09
13:50:03

Al

0
seglis

Rohde & Schwarz

Double Pulse Testing

Horizontal U-Seg

Trigger

300W
v 200 MHz

Scale: 2 kw/div
Max: 16 ki
Ch1*Ch3

Scale: 75 pw*s/div
Max: 675 uWw*s
integral(iMath1)

AUX OUT Reference clock Skew

Aligning falling edge of upg with

rising edge of ip

Delayed iy with respect to vpg

]
Points of alignment

Show channel

User skew offset Probe skew offset

[ Use skew offset
Probe skew not
Skew offset selected.
2.9 ns|

Horizontal A:cnracyE]. @

Probe skew offset

E Use probe group
delay as
additional skew

offset (active
probes only)

User skew offset

m Extend range

Total skew offset: 2.9 ns

Horizontal Setup |»
Probe Setup |»

Deviation for this case: 14.3 %
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CURRENT PROBE E7iR E*ELLT&IE

2021-01-06 2021-01-06
15:54:03 16:03:28

Horizontal g B30V ! ’ ’ " ’ ’ ’ ’ ’ Horizontal
Diagrami: Chi

e

100 ¥/ div 100 V/div

0 div 190V 0 div 190

DT 1M BW: 200 MHz DC 1M BW: 200 MHz
- [Sample N - [Sample

] 10 A/div 10 Afdiv
i 30A T 0 div 30A
BW: 500 MHz L e . ) ) ) ) ) . DC 1MQ BW: 500 MHz

. ) . ] ) ) 9
— Sample

— -
piagramz; chz,Ch3,ch+ | Diagrama: chz,ch3,
Ch3wfm1 =)

10 Aldiv
0 div 30A
DC 1M BW: 500 MHz
- |sample

ST agns 200

=
10 A/div 4 |10 A/div

0 div 30A 0 div 30A
DS 1M2 / IV BW: 500 MHz DC 1M/ INV BW: 500 MHz
Sample Sample

No de-skew With de-skew

» Conclusion: All variants match and can be used in this example

Rohde & Schwarz Double Pulse Testing




CONCLUSIONS #24%

» Double-pulse testing starts with designing the setup
— Important topics are DC link capacitor design, inductor design, probing, grounding

» Careful design of measurement important
— De-skew between current and voltage signals

— Floating vs grounded setups

» Design Automation requires comparability

Rohde & Schwarz Double Pulse Testing
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