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iGBT in advanced Trench FS Technology with soft and fast recovery anti-parallel diode

EA 5% Trench FS AR 1GBT R FERBPRIRE —RE

Features

Rt

* 650V trench field-stop technology
650VA g 2 b H AR

* Low saturation voltage
I AN

* Negative temperature coefficient of forward voltage

1E1a) s AT R A
* Low gate charge

(RN HE Aoy

Applications

SiF

* Electric Automotive Air-Condition Compressor
HLBVR 2 R 4 AL
* Electric Automotive PTC Heater
REEPTCIN#AER
* Inverter

A

Ordering Information

C

T0247-3\\\ cE
G

THRER
Type Vce[V] Ic[A] Veesat[V] Timax[ 'C] Marking Package
S SEBR-KokBE | KBRER | WHEE BRE4R Fric S
BGNE60V65SD 650 60 1.5 175 60V65SD TO-247-3L
R [R4.A/0 Tk 10f13
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Maximum Rated Values

BRABESH
Parameter Symbol Value Unit
Y i fi oy
Collector-emitter voltage, T;225C
S . Vee 650 Vv
RG-SR R e, T225°C
Collector current, Tc=25C
. . Ic 120 A
LR, Te=25C
Collector current, Tc=100C
§ 0 Ic 60 A
LRI, Te=100C
Pulsed collector current, t,limited by Tjmax | 240 A
S N N N Cpul
LR K HLIAL, KT T TE) 52 Timax PR 1 P
Diode forward current, Tc=25C
— pots 25 o IF 120 A
TAREIE R, Te=25T
Diode forward current, Tc=100°C | €0 A
T IE R HLAL, Te=100°C F
Diode pulsed current | 240 A
—_— Pararlls b PO Y F |
R Bk LR P
Gate-emitter voltage v 20 v
N GE X
K - 33 A HL
Total power dissipation,Tc=25C
, . Prot 364 w
MFEBINER, Te=25C
Operating junction temperature
E'p* + EIg J b ijax 175 C
S d e
Operating junction temperature T A0 150 .
' -40...+
TAESS IR P
Storage temperature T 55 1150 °C
. -55..+
fEAFIR L e
Soldering temperature,1.6mm from case for 10s i
o 4 oE Tat 260 C
SRR
Thermal Resistance
#ABH
Parameter Symbol Value Unit
¥ 5 (=l WA
IGBT Thermal resistance junction to case R 0.34 /W
IGBT 454555 34 bl i '
Diode Thermal resistance junction to case R 0.40 /W
— it h(j- .
R A e
Thermal resistance junction to ambient R 40 /W
S5 SR B o

R FRA.A/0 Wk 20f13
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Electrical Characteristic at Tj=25°C (unless otherwise specified)

Ti=25°CH} E 2245 (BRAERFRIFBE)D

Value
Parameter Symbol Conditions =R Unit
¥ e %1 Min. Typ. Max. Bahr
R/ME | BEME | BKE

Static Characteristic

BN
Collector-emitter breakdown voltage v VerzOV. = 100UA 650 Y
N , CES Ge=UV,Ic= u - -
- R B AR N j
] ) T=25C - 1.5 2.0 Vv
Collector-emitter saturation voltage v Vee=15V,
S HR- R AR 0 A o R L 1c=60A 0
Ti=150C - 1.8 - Vv
] T=25C - 1.7 2.3 Vv
Diode forward voltage v Vge=0V,
AR IR A R i lr=60A .
T=150C - 14 - \Y
Gate-emitter threshold voltage v -BO0UA VerV 4 49 6 v
S N GE(th) c= UA,Vce=VGE .
PR - S A% R 4L P i
Collector-emitter cut-off current | V=650V VersOV 100 A
g N S CES CE= )VGE= - - o
£R FEAG- Rt B A L LA
Gate-emitter leakage current | Vo0V Vee SIS0V 100 100 A
N 5 N GES CE= JVGE=T - = n
R - S AR s L U
Dynamic Characteristic
AR
Input capacitance K 2743 .
. i - - p
LD R .
R V=25V,
Output capacitance c Ve 21 .
P = ) - - p
iﬁﬁ EE»/@ oes GE
f=1MHz
Reverse transfer capacitance c - .
. r z - p
S A LAY ®
VGE=0VI
Gate charge R VersOV 0.8 o
| G ce=0V, - . \
WL :
f=1MHz
Notes:

a: FRD features negative temperature coefficient. Parallel connection is forbidden.
TE:
a: FRD T &%, ZE1EIFHAEH] .

R R ] R A.A/0 WX 30f13
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Switching Characteristic at Tj=25°C (Inductive Load)

Tj=25CRf FF R R AED

Value
Parameter Symbol Conditions =R Unit
¥ #e %1 Min. Typ. Max. Bahr
R/ME | BEE | BKE

IGBT Characteristic
IGBT %tk
Turn-on deIay}ime tatom ) 59 ) o
T LR I ]
Rise time
LA - Vee=400V, ] 1o ) "
Turn-off delay time Ic=60A,
SCUHEIR I A e Va=15V, Co s
Fall time Re=10Q,
TR 1] ¥ T=25°C, ) 74 ) n
Turn-on energy Energy losses include
FFiE R EE Eon “tail” and diode ) 25 i mJ
Turn-off energy £ reverse recovery. ) 15 ) ol
S E i
1:otal ?witching energy i - 40 ) ol
ST R
Anti-Parallel Diode Characteristic
RIBEIRE RN
Reverse recovery time
R LI ) " R
Reverse recovery charge V=400V,

. Qr - 1.7 - e
S PR LA IF=60A,
Peak reverse recovery current Re=100Q,
% LA TR25°C, R A
Reverse recovered energy

Erec - 0.5 - m)J

AR E A5k

R FRA.A/0 Wik 40f13
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Switching Characteristic at Tj=150°C (Inductive Load)

Tj=150 C Iy JF R4t RS ED

Value
Parameter Symbol Conditions =R Unit
¥ #e %1 Min. Typ. Max. Bahr
B/ME | EME | R

IGBT Characteristic
IGBT %tk
Turn-on deIay}ime o ) . i Al
T LR I ]
Rise time
1] b Vce=400V, ) 1 ) ns
Turn-off delay time Ic=60A,
S AEIR I [A] e Voe=15V, ] 4 ] "
Fall time Re=10Q,
T ] ¥ T=150°C, ) 20 ) n
Turn-on energy Energy losses include
FriE R EE Eon “tail” and diode ) 3 ) m!
Turn-off energy : reverse recovery. ) r ) o
ST 4 i
1:otal ?witching energy Ex - c 3 i ml
ST R
Anti-Parallel Diode Characteristic
RIFBE AR E R
Reverse recovery time ¢ ) 228 ) s
S A P )
Reverse recovery charge V=400V,

e Qs - 4.5 - pcC
SRR A l;=60A,
Peak reverse recovery current - Re=10Q, ] 317 ] A
S5 PRS2 VA R AT T=150C
Reverse recovered energy

Erec - 1.3 - m)J

AR A5

R R ] R A.A/0 WX 50f13
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Typical Characteristics Diagrams

Feitk ik

240 : 240

—— VGE=8V fe 4 — VGE=8V JI e
e VGESIIV [ Fd - VGE=11V ’ T
fe 4 -
————— VGE=13V 17 il -~ - VGE=13V 4 Ja#t
- -~ VGE=15V 4 d I o -~ VGE=15V ; /"
= e VEE=18V Ji ) e == e VGE=18V i | 4
80 V=20V “ / , 180 | vGE=20v ,’ I e e
‘ /. S
7 sl
(A
_ _ 1’ // //,
E’ — L_:- 120 FI/,I/l
e, -
7y 7
Jd
7
L7 S
(A
60 60 .
7
g
4
o [}
o 2 4 [ 8 0 2 4 6 8
VCE(V) VCE(V)
Figure 1.Typical output characteristic(T;=25C) Figure 2.Typical output characteristic(T;=150C)
240
——T=25C
=== Tj=150C
180 ’
g 120 §
60
. ’/
] 3 6 9 12 15 5
VGE(V) VCE(V)
Figure 3.Typical transfer characteristic(Vc:=20V) Figure 4.Typical collector current as a function of
collector-emitter saturation voltage(Vse=15V)
3.0 7.0
— — IC=30A
»»»»» 1C=60A
— IC=120A
a5 6.0
20 5.0
s | | LT s
| e £ a0
L N * & N 2 T
1.0 3.0
0.5 2.0
0.0 1.0
25 50 7 100 125 150 25 50 75 100 125 150
Ti(C) T(C)
Figure 5.Typical collector-emitter saturation voltage Figure 6.Gate-emitter threshold voltage as a
as a function of junction temperature(Vee=15V) function of junction temperature(lc=300uA)

R R ] R A.A/0 WX 60f13



IC=120A

1C=60A

IC=30A

VGE(V)

Figure 7.Typical collector-emitter saturation voltage
as a function of gate-emitter voltage(T;=25C)

E(mJ)

Etotal
/ \

| Conditions:
e T VCE=400V
RG=100
VGE=-7.5/+15V

10 20 30 40 50 60
IciA)

Figure 9.Typical switching energy losses as a
function of ccliector current

300

100
20 Conditions:
VCE=400V
RG=10Q
VGE=-7.5/+15V
0
10 20 30 40 50 60

Ic(A)

Figure 11.Typical turn-off characteristic as a
function of collector current

BGNE60V65SD

20

1C=120A

VCE(V)
5]

IC=30A

VGE(V)

Figure 8.Typical collector-emitter saturation voltage
as a function of gate-emitter voltage(T;=150°C)

t(ns)

Conditions:
VCE=400V
RG=10Q
VGE=-7.5/+15V

10 20 30 40 50 60
1c(A)

Figure 10.Typical turn-on characteristic as a
function of collector current

Etotal

E(mJ)

1 Conditions:
1C=60A
RG=10Q
VGE=-7.5/+15V
0
300 350 400 450 500

VCE(V)

Figure 12.Typical switching energy losses as a
function of collector emitter voltage

R
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t(ns)

150
—25C
----- 150°C
90
=
£
=
td(on)
60 e T
30
Conditions:
IC=60A
RG=100
) VGE=-7.5/+15V
300 350 400 450 500
VCE(V)

Figure 13.Typical turn-on characteristic as a
function of collector emitter voltage

Conditions:
VCE=400V
IC=60A
RG=100 -7
VGE=-7.5/+15V -7

E(mJ)

25 50 75 100 125 150
T(C)

Figure 15.Typical switching energy losses as a
function of junction temperature

200

Conditions:
VCE=400V
IC=60A
RG=10Q
160 |VGE=-7.5/+15V

| e 3K

120

40

25 50 75 100 125 150
Ti(C)

Figure 17.Typical turn-off characteristic as a
function of junction temperature

t(ns)

trr(ns)

BGNE60V65SD

200

150 td(off)

2 100
A t
50
Conditions:
IC=60A
RG=1002
i VGE=-7.5/+15V
300 350 400 450 500
VCE(V)

Figure 14.Typical turn-off characteristic as a
function of collector emitter voltage

150
Conditions:
VCE=400V
IC=60A
RG=10Q
120 |VGE=-7.5/+15V
................................ LI ISSRHPS——
90
60 td(on)
30
o
25 50 75 100 125 150
T(C)

Figure 16.Typical turn-on characteristic as a
function of junction temperature

300

Conditions:

VR=400V
IF=60A
RG=10Q

240

180

120

60

25 50 75 100 125 150
Ti(C)

Figure 18.Typical reverse recovery time as a
function of junction temperature

P
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Conditions: Conditions:
VR=400V VR=400V
IF=60A IF=60A
RG=10Q RG=10Q
7
30
3
g z
2
10
3
0 0
25 50 75 100 125 150 b 50 75 100 125 150
T(C) Ti(°C)
Figure 19.Typical reverse recovery charge as a Figure 20.Typical reverse recovery current as a
function of junction temperature function of junction temperature
240
Conditions: —— Tj=25°C
VR=400V -=--= Tj=150°C
1IF=60A
RG=10(¢
15 180
% 1 § 120
0.5 60
0 0 ==
25 50 75 100 125 150 0 1 2 3 4

Ti(C)

Figure 21.Typical reverse energy losses as a
function of junction temperature

VF(V)

Figure 22.Typical diode forward current as a
function of forward voltage

— — IC=30A
----- 1C=60A
—— IC=120A

L =

Z#-7th(D=0.2)

—//

. 7th(D=0.1)

Zth(K/W)

.. 7th(D=0.05)
/. 7th(D=0.02)

=]

.01

Zth(D=0.0)

100 125

Ti(C)

Figure 23.Typical diode forward current as a
function of junction temperature

0.001
1.00E-06

150 100E-05 1.00E-04 1.00E-03  1.00E-02

tp(s)

1.00E-01 1.00E+00  1.00E+01 1.00E+02

Figure 24.I1GBT Transient therma! impedance as a
function of pulse width(D=t,/T)

P
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0.1

Zth(K/W)

Zth(D=0.05)

" 7th(D=0.02)

o
=)
2

0.001

1000

Ic(A)

1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02
tp(s)

Figure 25.Diode Transient thermal impedance as a
function of pulse width(D=t,/T)

400

1.00E-01  1.00E+00 1.00E+01  1.00E+02

01

1000
VCE(V)

Figure 26.Forward bias safe operating area
(D=0,Tc=25"C,Tj<<150°C Vge=15V,Icmax defined by
design - not subject to production test)

S

300

Te(C)

150

Figure 27.Power dissipation as a function of case

temperature(T;<<150°C)

7= A A
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T0-247-3L Outline Dimensions:
TO-247-3L SME R
oo " B A
El f2 02, AL ~ LS
o | 3 = —
a2 S— ™ w2
2 ’ Q\fJ (. B 3 Q\
D ] ]
- D) SN \@B N " \QEZ
!Zﬁp]
M
= IR — B3 -
) H .
(I B2 A
g [T
! i H | | Bl
N
1 > W _ C
Common Dimensions (Units:Millimeter)
Symbol Min. Max. Symbol Min. Max.
A 4.85 5.15 E3 13.06 14.22
Al 1.90 2.10 F 8.76 10.20
A2 2.20 2.60 F1 4.00 5.30
B 1.00 1.40 e 5.39 5.49
Bl 2.80 3.25 L 19.72 21.00
B2 1.80 2.20 L1 3.90 4.80
B3 1.80 2.10 oP 3.50 3.70
C 0.50 0.70 ¢P1 2.40 3.10
D 20.30 21.10 oP2 7.10 7.30
D1 16.35 16.75 Q 5.40 5.98
D2 0.85 1.32 S 5.98 6.27
E 15.45 15.90 1° 11°
El 1.20 2.60 02 9° 23°
E2 6.10 8.20
Note: Please note that molds can vary between packaging plants. For definitive specifications, please refer to the
physical product.
vk D) B B AR e, R DLSEVII R D

Packing
(=
Packing pcs/tube tube/inner box inner box/carton pcs/carton
(28 ANRLE BE/NE W&/ il
Tube 30 12 6 2160
R [RA.A/0 Tk 11 of 13
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DISCLAIMER %3S

Warranty Period: Unless otherwise agreed in the COOPERATION AGREEMENT or other WRITTEN
DOCUMENTS, the Warranty Period for products specified in this specification shall be one year from
the date of purchase if the products are properly preserved.

Special instructions: Storage Temperature: 20+5°C; Relative Humidity: 30%-60%; The product should be
stored in a place away from direct light and vibration.

ORI BRI AE A AE DM B T S AT LS, a2 M RO DU B S22 I,
AU 5 PR b S ORI 0 — 4

AR UL AR : 20+£5°C: AHRHRIE: 30%-60%; 7 il NHCE TRy, R RE).

Our Company is committed to enhancing product quality and stability. This specification serves solely to
delineate technical product details.

RAF BTG R R SR EN . A Z B, AETIRE™ i KBRS B
Notwithstanding the Company's reasonable efforts and due diligence, the sensitive nature of the
products and variations in testing environments and systems may result in a certain failure rate,
including potential malfunctions or failures under specific conditions. Consequently, the Company
does not warrant the accuracy of the information contained in this specification, nor the fitness for a
particular purpose or merchantability of the products. The information in this specification shall not
be construed as a guarantee or commitment regarding product functionality, condition, or quality.
EEAAFCREGEZ I RER, HHTFAAGBBRHERARE. RENER, FE—E
YRR i A AR DA e T BEAE SR LR 0L T U I e Rk . BRIk, AR AR AR EA S BTG B R
PE R B RS EH M. ASCHERTERE B ANBALAE AT X @R FFBRREBMRESKE.
The content contained in this specification shall not be construed as any express, implied, or
otherwise grant and/or license to patents, trademarks, copyrights, or other intellectual property
rights owned by the Company or third parties. The Company's commitments regarding product
intellectual property are strictly limited to the terms expressly stated in SEPARATE WRITTEN
AGREEMENTS with Customers. Reverse-engineering, disassembly, or any form of analysis of the
product is strictly prohibited without the Company's prior written consent.

X AR, ANAAXELFTBMAFTERER. Bir BriR) KRR AU
TR BRI 5 B Lk R /BRVF AT s A A F R A SO BB AR &, (R T 5%
FATERBHEELETTHAKAR . REAXAFBEAT, FEIEE X RETEAE T
FEANIE [ TR

The Company shall not be held liable for any product damage or consequential incidents resulting
from usage beyond the recommended storage conditions, cperating parameters, or absolute
maximum ratings (or other explicitly stated limits) specified in this specification. Customers must

strictly adhere to the operational procedures and conditions outlined in the latest version of the

7= A A fRA.A/0 Wik 12 0f13
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specification when utilizing or testing the product. Customers are responsible for complying with
safety standards, including but not limited to redundant design, fire preventicn measures, and fault
prevention, to design and maintain a safe and stable system environment. Customers must verify ail
functionalities described in this specification before or during actual application to ensure product
suitability, safety (preventing potential accidents, fires, or public harm etc.), and reliability. It is
recommended that Customers consult our company prior to testing to confirm whether the product
information adequately covers the application requirements.

B A BRI ERRRENBRRBESHFM (BFHABE M, ER
K7 IR BOEH EHOR A, AATAAEARTE. AFFEMER R, SARSEBH A
ERUE B P TR A R A AT (BRI . B PR THMEENZEMN (BIETTRET. ks
fti. MRS Rt RERRENREINE, ELFSHAR. SRS A RIEA SRR KE
ohRe, DBRER . et (TR AEMEMER. KRBEHSHEFS) K. 2l
ZPEMNKA AT EREAF, URIE™REERETLRRNARR.

B This product shall not be used in any equipment or applications requiring higher reliability or
quality standards where failure could result in personal injury, death, or catastrophic events,
including but not limited to nuclear control systems, aircraft/aviation components, maritime/rail
transport equipment, traffic signaling devices, combustion control systems, medical equipment, or
other safety-critical applications. Customers must procure genuine products exclusively through
the Company or authorized channels, and utilize them strictly within legally permitted boundaries
and under conditions expressly defined in this specification. The Company disclaims all liability for
losses, damages, or injuries arising from non-cempliance with these requirements.

AR AR ENAE - SFEFRREELRENFREE L, UEaRBARGTERIR
&, SFETRERRE, WIAMZSM, MiH. JUESEHIE, TEESRE, BRI
%, BHREURFAREHEEE. EFMETHARREAA TR EEWLIER, HNAE
ERARTGEA RS GRHZ G T S8R, SUERRREHER, EATBEAN.

B The information presented in this specification constitutes the latest product details compiled and recorded

by our Company with reasonable efforts at the time of publication. To ensure greater accuracy, our
Company reserves the right to make periodic corrections, modifications, and version updates to this
specification without prior notice. Customers should always refer to the latest version when using or
consulting this document.
ARG R, BN RATI AN 7RG B8 BB IO 7 i 5 B o R s 15
B AR F DR BRSO A B R 2 SRR ST AR . 2 P AR I B S R I, 37 A5 8 Al
o

B This specification is written in both Chinese and English, and in case of any conflict between the Chinese

and English versions, the Chinese version shall prevail.

ASCAF AR S SO0, WA AR 2 AL, AR SC A 7w

7= Eh Ul B 35 R 2<.A/0 HIX 13 0of 13



	·  Electric Automotive Air-Condition Compressor 
	电动汽车空调压缩机 
	·  Electric Automotive PTC Heater 
	汽车PTC加热器 
	·  Inverter 
	变频器
	Ordering Information
	订货信息
	Package
	封装
	Notes:
	a：FRD负温度系数，禁止并联使用。

