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» Overview of Double Pulse Test
» Double Pulse Test Setup

» Today’s oscilloscope

» Example of measurements
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OVERVIEW OF DOUBLE PULSE TEST
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DOUBLE-PULSE TESTING £ ik & A&
MANY USE-CASES FEF

Datasheet generation Module production test Module selection Converter Design

Maximum ratings

1 Maximum ratings

For optimum lifetime and reliability, Infineon recommends operating conditions that do not exceed 80% of the
maximum ratings stated in this datasheet

Table2 Maximum ratings

Parameter Symbol Value Unit

“C Viss 1200 v
DC drain current for Ry mas, limited by T, Ves = 18V,
T.=25°C Iy 56 A
Te=100°C 47
Pulsed drain current, t; limited by Tjma, Ves = 18V Inputse” 169 A

DC body dicde forward current for R cma,
limited by Tupmss, Ves = OV

Drain source voltage, Ty

T.=25°C b0 56 A
Te=100°C 36
Pulsed body diode current, ¢, limited by Tima: Isnpuse’ 169 A

Gate-source voltage’
Max transient voltage, < 1% duty cycle Ves -1...23

Rerammandad tirnan eate unltage Voo [LEt
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WHY DOUBLE PULSE TESTING €& AlE EERH
EXAMPLE: TWO-LEVEL CONVERTER & XE{y @25

Boost ﬂ' E‘Eﬁ' 532

Buck FEBI

Active

% D

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

» All main parameters can be measured
— Switching losses FAEJE5E

3 — Reverse recovery losses & @11k &S 15 5

— Switching times

Freewheeling
-

— Turn-on/off delay time (TDelay-On/Off)
— Rise and fall times (TRise, TFall)

— Speed (di/dt, dv/dt)
— Switching Energy (Eon, Eores Erg)
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THEORY AND TEST PROCEDURE

— .Y
ARSB o Tl
Eﬂ& ﬂb/ . DZS lVF Lload
I'L il — Interval t,
CIY Inductor is
Voperive — 1 “charged”
Gate-Source Turn-off Event ljt YiN l"”‘-‘
V0|tage S —— = N
T4 Vs
Vs‘negat‘we
iy
. Turn-on Event o2 |v .. Intervalt
Drain-Source  Vec ie ._l . Tum_oﬁreak
Voltage —
. | . P o measurement at
R ’ = target current
N T S
1 E ZS lVDS
VGS\
Inductor and — —  d niuctor
DUT current l | o /N | L, Interval t,
i .
ie — Turn-on
. o our measurement at
=" target current
S
A=
Vas
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BASIC OBSERVATION WAVEFORM
EAXRRIB

Drain-Source Loop inductances voltage spikes
Voltage Ve i\ %ﬁ %@gﬁﬂg %Eﬁéﬂlﬁ
!*. N P e +; ¢

Inductor 10 e l O SR
current ot —fa=smememndee oo ! |

IL.on_ X

ip
Active [/ PR
Switch Current, o Reverse Recovery Current
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SWITCHING LOSS MEASUREMENT
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MOSFET Turn-on (Egy)

Q2 oflw |§i.,

i —

Ql jE ZE lVDS
"

» |, start to flow through Q2

» Vs remain across Q2 until diode
finished conducting

» Pon = Vps X Ip

MOSFET Turn-off (Eqgr)

IIIIIII

» Vs rise across Q2

» |, remain flowing through Q2 until
diode is forward biased

» Porr = Vps X Ip



DOUBLE PULSE TEST SETUP
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TYPICAL SETUP
<A 3R gl et

DC Power
Supply
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TYPICAL SETUP
2V SR AE P E

SPDT Switch
C | i
: L
! A >
DC Power Supply to g . Load
charge capacitor : - Freewheeling Inductor
bank before starting . | Diode D Z'S l Ve ;
: ; |
the test BN | Discharge ] load
I Resistor [ \ I
i : critical loop
| l i Gate Driver 1 o DUT
DC Power I | i T R R =
Supply L i CE ARB Signal Generator . i !
— I | — Ty T | | Vapositive | !
- A b ! Vsignalhigh : T — : |
S i | = S SR,
o | . s 2N
N i AWG o] T~ |
i | : ! ! | : I
| RV« et |
: : . | o
. : Discharge T - Ve |
. Switch | MEE :
o : e Vmeasure
Sy \§ J
7
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INSTRUMENT INVOLVED

IHBR BT

DC Power Supply to
charge capacitor
bank before starting
the test

Floating output
important!

HMF2550 ARB Generator

-u !

DBT SW

==z | o

GFM347 Double Pulse Test

SPDT Switch Load inductor,
CT T i i “stores” current for
2 ; h |
; I | > the actual test
o Load
| ' | Freewheeling Inductor
P ! Diode D 2 S Ve [

A . load
o i Discharge |
[ Resistor I
' i |
[
P! . i MXO 4 Oscilloscope
o Gate Driver T'D DUT
b i B ARB Signal Generato i
P e —— P . :
i | l -1 l Vsignal.high l l
: : | |
I 5 i i
o ; AWG |l i
i : : : | :
i | l l lIlIrs.ignal,lra:ll.'\.' : I :
: ; | . | . v | _
b Discharge e - IRV i RTM3000 Oscilloscope
[ : Switch | s,negative !
! | Vmeasure ——
: H |
| :
o
|
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SETTING UP THE PULSE =
BV SRR e H fe

Drain-Source | G
Voltage o [ | vos
VDC ':
Vg

L

. 71 = Lioap * v
Inductor " DC

and DUT fumax Jaecocl ;

current Tpreak 1S S€t long enough for the

e : 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
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SETTING UP THE MEASUREMENT
}RJEFE ERREN

Passive probes are sufficient for floating setups Floating High-side DUT
— Typically possible for device characterization

setups
— Care has to be taken on any (unintentional) Vg

g roundlng Vnczvnnl — Viow

» 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 . ¥ ( \)

VHigh KS VDS \
» High-voltage differential probes are necessary if EHES VLDW 1 — N
system-under-test is grounded vd NZ {5 )»
— Typically the case for prototypes

— Provide CMRR to suppress switch-node signal VFl 15 ° —L

Grounded High-side DUT

Rohde & Schwarz



SETTING UP THE MEASUREMENT
ARFEE - ERREN :

» Basic requirements
— High measurement bandwidth h
_ s Nour h
— Sensor as small as possible S :L— |q AN our
— Low insertion inductance )

DC

N No

.CD Rogowski Coil
— \ y n .~ or Current
ol 11 4 - £ - 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 « | arge sensor with core, limits

bandwidth up to 100 MHz available)

. Limited accuracy the possibility to have low-

insertion inductance designs
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TODAY’S OSCILLOSCOPE
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SIGNAL AND ARB GENERATOR
ERAEERLELER

» Signal generator has becoming a norm in basic scope model

At the back

MXO0 4

RTM/RTA

a9 0 B8 8 “p9Z77. @00 o
. 700008 HP . a8

Single channel Dual channel Dual channel

» Most scopes are equipped with:
— Function generator: Predefined waveform shapes with configurable frequency & amplitude
— Arbitrary generator: Generate any waveform shapes based on generator sampling rate

Rohde & Schwarz



SIMPLE EDITING VIA EXCEL
iR

A | B | Cc 0 | E | F | G | _H | I | J | K_] . ol

vl Centerfreq 500
K[l FreqSpan 1000
ResolutionBW 1
k78 FrequencyStart 0
FrequencyStop 0
EEN WindowType GAUSSIAN

%1l HonizontalDivisionC 10
518 VerticalDivisionCot 10

EL) FirmwareVersion  1.2.3.2 _I

kil KAxisMode LINEAR

TIME c1
-1.250000E-07 0.978256 12
-1.200000E-07 0.999756
-1.150000E-07 0.991937 1

-1.100000E-07 1.008619 0
-1.050000E-07 0976301
-1.000000E-07  0.99096 05
-9.500000E-08 0.991937 04
-9.000000E-08 0.993892
-8.500000E-08 0.986074 02

-8.000000E-08 1.007574
-7.500000E-08 0.986074

L

=TT R R R T T T o Uy o W
-7.000000E-08 0.995847 SLLLLLiLndd 4L Lodl
-6.500000E-08 0.998778 E88583888¢88 g8 E2RE
SRRV EE £g PR
-6.000000E-08 0.986074 5 NSRGERZEY 3% 9836
- R R R e e I o om oo of o o

-5.500000E-08 0.984119 : .
-5.000000E-08 0.978256 Series2 B —
-4 500000E-08 0.983142 €4  logle Math Bus Ref Spec  Gen M;m
-4.000000E-08  0.98021
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SETTING UP THE ARB WITH APP
BV EERTE N

Vsigna\,low

s ] i
! Usignal.high T

Vsignal‘\nw

ARB Signal
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

» Tips: Always check ARB signal when creating new
setup

Rohde & Schwarz

GFM347 Double Pulse Test

GFM347 Double Pulse Test

GFM347 Double Pulse Test

\;;;/ GFM347 Double Pulse Test Application Software BETA

GFM347 Double Pulse Test

Waveform Generation

Instrument Setup

Overview | P, r Setup

Generator IP address

ROHDE&SCHWARZ

DPme _t1 500 s | t2 5,00us tg 500us _stim_1 OOVpp csv
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INDUSTRY’S FIRST...
HERELE...

>4 .5 Milion  wfms / sec

12 -bit ADC 18-bit HD

400 wmpts memory /ch

Digital trigger

—
2x ARB Gen 100 MHz

Rohde & Schwarz

Standardized MSO 16¢h 5GSals



ISOLATE EVENTS WITH MORE PRECISION
T T R R A 5

» Detect trigger event on sampled waveforms

New in 4000 class
Digital Trigger

» Adjustable trigger sensitivity

Precision triggering and control .. : .
L » Minimal trigger jitter < 1ps

" Competitor can only trigger on pulses > 1.5 div | | > 18 bit architecture

MXO 4 Digital Trigger
I \ M Acquisition

re

o8 eeed O

Samples- and interpolation-based trigger event
determination

-1.0008 ps s 1.0008 ps

Rohde & Schwarz



HIGH PRECISION DIGITAL TRIGGER
=15 E By i 5%

» In most 4000 class oscilloscope, limited processing power often use analog trigger

Analog Trigger

i MXO 4 Digital Trigger
I \ R ot bood be Trigger , \ M

Acquisition

Acquisition Timing
Correct
v Trigger Additional processing to Fe
sensitivity correct timing error ) ‘. .... e
_‘J 17| Trigger level Samples- and interpolation-based trigger event

Analog
Trigger

determination

Missed event that did not meet
sensitivity requirement

Limitation: Advantages:
» Lower trigger sensitivity, more than 0.5 div » Trigger sensitivity > ADC resolution
» Timing alignment between trigger and acquisition block » Essentially no trigger jitter

Rohde & Schwarz



THE EFFECTS OF PARASITICS
HAERERNRE

l,'BLIS

ESL

Ce

g LD L\oad

& L% [

B

EPC

» 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

Impact of stray inductance L,

( , Turn-on R
E

N\ t J

( | . Turn-off )

_ ),

Impact of stored charge Cpp+EPC

( V[)s Turn-On \

Cop + EPC
/[ .
\ t




TRIGGERING SWITCHING EDGES
4553 B

Rohde & Schwarz

» Parasitic and Miller effects will cause
irregular waveforms noises especially
around Turn-On and Turn-Off.

» Digital trigger allows settings of a
signal levels require that help to filter
off ringing noises



ADVANCE TOOLS IN MODERN
BRTFEFEPHEETR

Bandwidth Filtering

Vertical
(&}
Bandwidth

Setup

1.5 GHz

Bandwidth
Full

None
P 1.5GH
robe 7 5 GHz 1 15GHz

1 GHz 1 GHz
Probe Info

500 MHz

Gy 350 MHz
200 MHz

100 MHz

50 MHz

20 MHz

- + +
& ] C4 logic Math Bus Ref

Rohde & Schwarz

Advance Math

Display

Operator

Operator

-X

[ x|
dx/dt
Integral
log(x )
In( x)
ld( x )
x"2

VX

Source 2

Channel 2

Logic Math  Bus

OSCILLOSCOPE

HD Mode

Acquisition
Setup
Segmented

HD

Lagic Math  Bus Ref

... and a lot more




EXAMPLE OF MEASUREMENTS
7 I )




A PRACTICAL EXAMPLE Rz 5]
650V 4-PIN TO-247 SIC MOSFET (ROHM), 400V DC LINK

"Gate-Source Voltage

vs‘posnwc -

fad = =l » Trigger Horizental Acquisition
i © o & S ’ & Edge  400mV  Auto 3 psfdiv 50MSafs  Sample
Undo Redo Help (‘:;'fﬁ:': Annotate  Preset  Add Zoom Measure Run / Stop Y 5 Stop 12 s Sihps 12 bit
21V
- —me - - — - - e - + t Tab 1 +
!‘-‘—o—-«r‘a'—-‘—'-—'—\n--n--. e e = LS e b e £ e i L i b A
T Threak T2 i
V. negative L
p
Drain-Source Voltage
Ve
]
- T
e et e emm ., P - ¢

Inductor and

DUT current

200 MHz 50V 0 )
BC MG i Gen  Menu
User-Defined 200V User-Defined |10 A c

Rohde & Schwarz



A PRACTICAL EXAMPLE Rz 5]
TURN-ON ENERGY #T B Zh 3%

LY @ [0} V4 = 7 Trigger Horizontal Acquisition
Edge  201.13V  Auto 3 ns/div 25GSa/s  Sample
Undo Redo Help Screen - annotate  Preset  Add Zoom Measure Run / Stop 3 Stop 3ns 1 kpts 12 bit Hist 1 -.-

Capture

16 kw

10 kW

Peurn—on = Vps(t) - ip(¢) sl

tvpcio
Eon = Peyrn-on dt

tltest1o

50v 200 MHz 20 MHz 75w i
/ be Mo DC 1N W/ Logic Math

200 v User-Defined |15 A User-Defined | (C1* C2)[w] 6 kW Integral(M3)[]] 300 w

Rohde & Schwarz



PRACTICAL EXAMPLE 3325
DE-SKEW #H{u#Z IE

“ ~rQ O] I 4 =l 3 ik ~ Trigger Horizontal Acquisition
@ o Q r 4 == Add # Edge 20113V Auto 3 ns/div 2.5GSafs  Sample

Al."gning fal.'ing edge OquS with Undo Redo Help Capture Annotate  Preset Add Zoom Measure Run/Stop Clear Cursor Y 3 Stop 3ns 1 kpts 12 bit

“rising edge of ip 430V Tab 1

300V —

200V

100V

1
1
T
I
1
1
1

Delayed ip with respect to vpg [CTsy

I
Points of alignment

AUX OUT Reference clock Skew Horizontal Accuracy («) [ () ()

Show channel Probe skew offset

5 m m Use probe group

© delay as
additional skew

User skew offset Probe skew offset offset (active

probes only)

[ use skew offset

Probe skew not User skew offset
Skew offset selected.

J

Total skew offset: 2.9 ns Horizontal Setup

Probe Setup

+

+
200MHz |5 A 20 MHz 75w i
DC1MQ / DC 1MQ H / () Logic Math Bus

User-Defined |15 A User-Defined | (C1* C2)[w] 6 kW Integral(M3)[]] 300 w
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CONCLUSIONS #&i&

» Double pulse testis simple in concept but there are many underlying factors that can
Impact measurement accuracy

— DUT setup parasitic
— Instruments artefacts
— Basic compensation and deskewing

» Newer scopes are built with advance tools that help in tackling the above
— Built in ARB with simple editing
— Digital trigger with precision
— Advance Math and Measurement capabilities

Rohde & Schwarz
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For more information:
www.rohde-schwarz.com
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