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Egl - Size and Power Density

Power module

‘ Capacitor - . \

o Source: Toyota SiC Based Battery Charger



Eg2 - Wide Band Gap enables high Power Density

200V Silicon Device Tl GaN solution

- n
(30 milli Dhms) n=90_92% i

1.1in?

e High Efficiency
200V eGaN FET R Small Size

(25 milli Ohma) &

® nN=96%
326 B ¢ ;

48 e g 2.1in?

160 comp

l 1 n=88%
240 comp -
PolL
High Switching Frequency =
v

Small parts (Capacitor and Inductors)
o ONE
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- The Four-Point Collinear Probe Method - The van der Pauw method
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o HHFESEPHEERARMNEE S

OUR UNIQUE HALL EFFECT SWITCHING CARD FOR TESTING MATERIALS WITH A
WIDE RANGES OF RESISTANCES

« ASTM Standard
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SMU A Figure 31: 4200-SMU and 4200-PA operating boundaries
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Model 4200A-SCSE&SE3 Y
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JUANDDER A BRI 220

Characterization

Static

Dynamic

Switching

Test Category

ON-state

OFF-state

Charge

Capacitance

Timing

salF A EZIF1E

650 V IGBT HB series

Power MOSFET

Devices and Parameters

VCE-IC
VGE-IC

ICEO

ICES
BVCES

BVCEO
BVCBS

Qg

Cis (a.k.a. Ci)
Coss(a.k.a. Co)
C.(ak.a. C.)

Td(on)

r
Td(off)
Tf

Vbs I
VTH

VGS-ID
RDS(on)

IGSS

IDSS
BVDSS

BVpe

Qg

Cis (a.k.a. Ci)
Coss(a.k.a. Coo)
C.(ak.a. C.)

Taon)

r
Taott
T;

VCE-IC
Gummel plot

ICEO

ICES
BVCES

BVCEO

NA

22754514 (Static Characterization)listfE(@, &

(N X g=bm
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Series 2600B#[]2650A SMUs

Model 2636B SMU

TN HISMUIEIE
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“FRIA 10AfKF

0.1 AN E o =R
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IR50ARK P (R E{YEs=1X100A)
j<2000W57]</E|1 / 200 W DCEEJ&
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Model 2657A SMU
“=21A3000V, EiA180WIHER
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S5308S500F %5t
SRS 5

S530 Parametric
Test System

FeEERIIR RS

S500 Integrated Instruments
Test System
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WLR (Wafer Level Reliability)
ACSERItHEH R RS

- AL SR AREERF T
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& Navitas GaNFast™ NV6117

6. Specifications

6.1. Absolute Maximum Ratings

(with respect to Source (pad) unless noted)

SYMBOL PARAMETER MAX UNITS
VDS Drain-to-Source Voltage -7 to +650 V
DS Transient Drain-to-Source Voltage®@ 750 V
Ve Supply Voltage 30 Y
Voum PWM Input Pin Voltage -3 to +30 V
Ve, Vop Setting Pin Voltage 6.6 Y
D Drive Supply Voltage e V
|D Continuous Drain Current (@ Tc 4 A
| PULSE Pulsed Drain Current (10 pus @ 24 A
| PULSE Pulsed Drain Current (10 ps @ 16 A
dV/dt Slew Rate on Drain-to-Source 200 Vins
TJ Operating Junction Temperature -55 to 150 °C
Teror Storage Temperature -55 to 150 °C

Final Uatasheet

Hewv &-3-2014




WK AR Double Pulse Test

« WK 2tA?
» AT HEINERTRIEISSE, @R RNASNES ZEWBK NN, ABEXEKmNE? B8
X, BEINEKY, BEHEERNFFRTR, AERNEEFRIERRN—ESEIER.

o WK A?
- B8N, KUEE
= Ton Loss, Toff Loss, dV/dt, dV/dt peak, dl/dt, dI/dt peak
= Rise Time, Fall Time, td(on), td(off)
« RAIKEZSE

= Err (Recovery Loss) , Qrr, Trr, Irr

+ AT ZE2EINBKFiR, SXAE °
+ R — R AR SEE R RS AR GBTHIM AL R BHIE FIRAtATRAIIE S
+ EIBINEREME TIFIAOSInRI (P IRENRMRERREEEE, XITHRERER
BRE, FRIEREEAAENESS
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WEK iR SEFRRIEDouble Pulse Test
R TR T SRR S B — R 753

 FIBKIPEK RIS RN
s AP E— KRR IEFTERIF R LFERIR
« BIANBKPREEERRIAT, ETNIKPH BB EREIREFEN T E— 1 KR RETATRIE R
(ﬁﬁ%@ﬁﬂ EE:I}ILE/JQ%E&) :

Vds or Id or
25 —Vce —
Ic
1000 25
20 N _ I
800 20
15 S
— 600 15
> 8 <
o 10 = —~
o 400 10 ©
= () / -
[ % (o]
o ° > 200 - 5 T
= 14
0 0 - 0 ® 3
5 -200 l I -5
0 10 20 30 40 0 10 20 30 40
Time (psec) Time (psec) oV




WEK AU R =N RIS

SWITCHING PARAMETERS NEEDS TO MEASURE

Reverse recovery of diodeRMAIKESEL
Trr, Qrr, Err, lrr

b — n Ny
o o o (S

Vgs or Vge (V)

& o w

Vdsor Id or
—Vce =Ic
3 1000 25
@ 800 20
—
S 600 ) 15 —~
Q <
‘>-’ 400 10 o
[ . / —_
O 200 5 O
[2]
z 0 —M 0 E
>
-200 -5

20
e (usec)

0 10 20 30
Time (psec)

'
S

Turn-on characteristics|3E1&%
Ton, tr, td(on), E(on), di/dt, dv/dt

37 TEAM



If measure parameters manually.....

MANY ENGINEERS STILL MEASURE SWITCHING PARAMETERS MANUALLY USING
CURSORS AND EXCEL.

* Engineers want to measure switching parameters.
« Ton Loss, Toff Loss, dV/dt, dV/dt peak, di/dt, dl/dt peak,
* Rise Time, Fall Time, td(on), td(off)
« Err (Recovery Loss), Qrr, Trr, Irr
« Based on IEC60747-8 and IEC60747-9 (for RDS(on), JEDEC JEP173)
« To guarantee specification of power device datasheet
 To confirm actual value or deviation of the power devices or power modules
* |t takes almost one day to measure all parameters with one device.

* Engineer must measure these switching parameters with various current value
condition and with many devices.

o «  TEAm



Brl&kEhEE] Ton &Toff Switching Parameters

IGBT_TOWN SOFTWARE SUPPORTS CUSTOM REFERENCE LEVEL

Maas. Parameters Vee | VEC | L[S | IE |'d'cir| |- Pwl

Eahss Reference Level for Measurement R

EEEER (td(on)) P = o

J:ﬂﬁ?”aj (tr) — TeSialest |_goi| Fimer: | 0 mHz

A = Switching Parameters _ :
ton ( EEjJHT_nEj) ,,---’""'H'_J / s [T 0 paints
¢ (90%)

Eon ( FFEEE) =
dv/dt Fdi/dt

SAETHEREEIRAE Vge

KASE: Vee ;
RIAFER (td(off)) /
_Flz%HT_ITﬁ_] (tf) : E\TrfT frange:lc %

(25%. oV)i / __— ;
=" !

Slice level

Tr/Tfrange: lc %
(90%)

toff( S<[Z]BT[E)) Tr/Tf range: I%O% (90%) : | . ToTfrange:lc %

S i / %)
- lc i i i
dv/dt Fdi/dt —/ | . 5

SRR RIRE ton | |t Lo

Eoff ( XBEE)

Y
A Y

ton v toff
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Brll&KEhges=inEE Ton Loss and Toff Loss

IGBT_TOWN SUPPORTS CUSTOM REFERENCE LEVEL

Power (Vce x Ic or Vds x Id)

Power Peak

Area if this region

Power ; 5 —

Vce

Ic _/:

Power Peak

/

Eon level: %0 of Ic
Eon level: % of VVce

Eoff level:% of \Vce

ALERTERNATTE

RS FE P RIREE IR

i
Eon _fu VpsIpsdt
EElcaff level: % of Ic

40 TEAM



RAIKEZS%] Recovery Power Loss

BEHAVIOR FOR HIGH-SIDE DIODE TEST
“iIRERERE

RAEKRESE

trr ( REIRERTE] )

Irr ( RARERR)

Qrr ( ZAIREHTE)

Err ( REIREREE)

di/dt #0Vsd ( BIAFFEE[E)

oV

41

0.5xl

Recovery
Current
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|IGBT-town Software

SOFTWARE TO MEASURE SWITCHING PARAMETERS OF IGBT, FET AND DIODE

* IGBT-Town
« AE-Ware for only users of DPOPWR or 5-PWR/6-PWR
* Runs on Windows of MSO5/6, DPO7kC and DPO/MSO5kB

» Measurement such as toff, td(off), tf(Ic), Eoff, Ton, td(on), tr(Ic), Eon, di/dt, dV/dt, Err, Qrr, trr, Irr based on IEC60747-9
and IEC60747-8

» Significantly speed-up evaluation of switching parameters (From 1 day to several seconds)
« Debug variation of device .

n

IGBT-Town Control Panel scope Contol [RRH] Rin | Singie|
i

VO Section  [5o551-iNSTR *ian? |Refresn

! ! : s ¥ ¥ | |
#: CH1 C\TempiSclabVGET_towniTestSampletek0000CH 1tek000 i 4 1 1 1 ! ! I 1 !
2 CH2 C .t H1tek000 | I p— T —_—
o cH3 c X H1ek000 L | I
" CALC ) st { O] R NN P
Time: 10 us/div

Param.  Vee | VEC| tc | 1E [WEMR] voe | Pow| Ext | | Operation I
rsion Coeft 1 o [ |

Display 1

its: Turn OffiOn (IGBT)

HE oy Cancel " .
o2 AN , =
s 2 1 2 35
00 1 et essing 2/ Figure cl s 4235
e " a0 266,
o5 100 5 110






MBI R G —F SR

AFG31K, MSO5/MSO06, ISOVUYEIREIRSL

B

(PC for Automated | P
Test System) ' ‘

z£—..—vcc I DCEEJ& I

AFG31k Isolated Gate

Drive Circuit

ARk |

MSO5/6

o » TONE




SRR ER— I R MFRIER DHER

121EADC7T~III£7¥?EHIGH RESTRI(, EHMMEE(ES

ZE: 120 7rikes EEEIRREGEHRE

o R AT O S R T R, T <
AT /N 15 VRS r16f
e 7= LT — AR g P 1 ~4.5

dB FEL: SRR S5R5IMSO 12

gff%‘\ﬂj‘tlc 7~ Y DDR3EEEL(=
o 1207 HEEEE e s (ADC)FE AL ) 70 7%
% AL 587 ADCII161%

» 4fTHigh RestE UM 1 =16/
rHEER, Al DU RS A A

er=0-5xlrrxtrr

! \
|
& - o Ty 08 « ok 5 s .
t 1 | Ll 1
Ji
|
A
0.5xl,,

Recovery
Current

REARIES e
* FERFFICRAEZE T N A (FIDSPIE IV
A R 1 9, TR 0A

AL ER I SRS S




sk S S E——AFG31000

COMING OUT IN 1.5 RELEASE “

LIoad

[
Coe link

- p—

AFG31000 {F=iKRR e = LT =
U RS 3

LSS 1

|
1
o
It
o

Double Pulse

Number of Pulses Width (s) Gap (s)
2.000u 10.000u
On State 2.000u 10.000u

Off State

TrigDela
Advanced - o

Trigger Source

CE— .

ArbBuilder DoublePulse



SENRE—TIVHElREERSL
ISOLATED - DIFFERENTIAL MEASUREMENT SYSTEM

mr-u-v- Honzacq | T | Dupiy | Curso n-xv-uxfn.»mttu*mvm.um!. Tk B W
T'V”°3 _ '\Slmulatlon
I \TH DP0200

- E—RERTHRATR \HZ'IE’Jﬁ'ms 1) TE“EL ,J‘;;EEIW *;?IIJEJI:I:E’JIAJE,%}E
« 1 GHzH=
* 60KVILIRFEE
. EIX2500VESEE
o IRHRIHAEHDHIEL

DC ~ 100 MHz, 1000000:1 (120 dB) CMRR
1 GHzB¥, 10,000:1 (80 dB) CMRR
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[O]B——=mm M BIA

Drain
MOSFET

Gate |

Source

PRESETE SN
(SiC, GaN)

AR REEFRRTIEEE

Solar Panel Battery Die/Wafer

IGBT

PMIC

/4
Power
Converter

= >
= (

Power Driver

SMPS

REEF /R

Motor Drive

-

J Iy

Power
Inverter

A

EV Charging
Station
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