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TM40S12B1A-303B
SiC MOSFET %4+ SiC MOSFET Device

FZEBIEFM  Product Datasheet KRZS Ver 25.09
XESY Key Parameters 2R ) Circuit Configuration
VDSmax 1200 V
Drain
Rps(on) Typ. 34 mQ (Pin2)
b Max. 62 A
}7
Gatt H7
ate
. . . (Pin1) M
BRI A Typical Application —
® OBC On Board Charger Source
(Pin3)
® DC-DC DC-DC Converter lg] 1. Eﬁl%’é%*@
@ FHME Battery Chargers Fig. 1 Circuit configuration
® iRy Solar Inverters BRI Device Appearance
R Features
@ T RHIE High Switching Frequency
® LI Low Switching Loss P
1
® K. PLEITK Soft, fast Switching
® ) IfHcfi A Easy Paralleling 2. BIRIME
Fig. 2 Device appearance
BABUEHE Maximum Ratings
5 SRR W2 Q] <Xy
Symbol Parameter Test Conditions Value Unit
TR F R _ 0
Voss Drain-source voltage Vos=0V, Tc225°C 1200 v
MR A -
Vess Gate-source voltage Tc=25C -8/+23 v
MR e
Vasop Gate-source voltage -4/+18
Io RESLIEFI IR, B T max PR To=25°C, Ty max=175°C 62 A
Continuous forward current, limited by Tyjmax | Tc=100°C, Tyjmax=175°C 48 A
%ﬁE’EEFﬂEﬁﬁ, EE ij max BE%IJ
Ipm Maximum repetitive forward current, limited 124 A
by ij max
, R VPSSR .
Ty mex Max. Junction temperature 175 ¢
. TAESS IR o
Tuier) Operation junction temperature -95..+175 ¢
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kIR . .
Teg Storage temperature range 55..+150 ¢
2R SIHE - M3
M , 06 Nm
Mounting Torque - M3
B4 (E Electrical Characteristics
FRAEFFA A, & Ty= 25 °C Ty= 25 °C unless otherwise stated
i BHATR R 1 BUME | EME | BRI | SR
Symbol Parameter Test Conditions Min. Typ. Max. Unit
B MR 925
hes | TOERBAR Ves = OV, Vbs = Voss 50 uA
Zero gate voltage drain current
M AR FELR _ _
fass Gate leakage current Vos = Vess, Vos =0V 250 nA
¢y | AR -EURNG A P _ _
Vesi) Gate threshold voltage Io=10mA, Ves = Vos 2.1 28 3.5 v
Ves =18V, Ib = 33A 34 49 mQ
TR AR -5 AR R s HLBH Ves =18V, Ip =33A,T,j= 175 °C 55 mQ
Ros(on) Drain-source on-state
resistance Ves =15V, Ip = 33A 42 mQ
Vs =15V, Ip =33A,T,j= 175 °C 59 mQ
5 3 _ _
grs Forward transconductance Vos =20V, Io = 33A 22 S
_ LPNEER
Ciss Input capacitance 1854 PF
i g
Coss Output capacitance Vbs = 1000V, Vs =0V, 129 PF
c S T4 i FEL A f=100kHz, Vac = 30mV 1 oF
e Reverse transfer capacitance
AR
Eoss Coss Stored Energy 65 pd
, P TS AR H L _
Reint Internal gate resistor Ves =0V 32 Q
I8 ER e
Qs Gate to source charge 27 nC
*Hﬂ{‘)ﬁ‘:!'i EE?%PI ID =33A, VDs = 800V, VGS =
Qe Gate to drain charge -4/+18V 22 nC
SR B fif
Q Total gate charge 14 nC
s ISD =33A, VGS =-4V 53 V
V. TR IE A B
sP Diode forward voltage
ISD =33A, VGS = -4V, ij =175°C 4.8 V

EE: 1.( )R oS TR ER 5 B E
Note: 1.(*1)Indicates Vgsn) is pre-processed).
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B E Electrical Characteristics
5 SH AR AR 2 A wAME | BME | &KME E<E A
Symbol Parameter Test Conditions Min. Typ. Max. Unit
¢ KWL B[R] T,=25°C 25 .
d(of) Turn-off delay time Io =25A, T,=175°C 28
Vos = 800V, —
N B [) Vas = -4/+15V, Ty=25°C 18
ts . _ ns
Fall time Rg(orF) =0.0Q, T= 175 °C 18
dv/dt =59160V/us
E KWt (Ty=175°C) T=25°C 68 ,
OFF Turn-off energy loss T,= 175 °C 88 M
t FFIB AT R ] Ty=25°C 1 N
(on) Turn-on delay time ID :25A, ij= 175 °C 10
VDS = 800V, _ o
t J:ﬂﬁﬂ- ]“ﬂ Vies = -4/+15V, ij— 25°C 12 o
' Rise time Rg(on) =3.9Q, Tu= 175 °C 10
di/dt =1500A/us !
E FFiH 45 (Ty=175°C) Ty=25°C 215 J
oN Turn-on energy loss T= 175 °C 259 M
TRAE IR AP A T,=25°C 113
Qrr Diode reverse Ip =25A, . nC
recovery charge Vs = 800V, Ty=175°C 150
AR R | - diso/dt =1500A/us Ty=25°C 11
Ie Diode reverse (Ty=175°C) - A
recovery current Ty=175°C 13
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HYFE(E Electrical Characteristics
5 SH AR AR 2 A BAMA | BAME | BOKME E<E A
Symbol Parameter Test Conditions Min. Typ. Max. Unit
¢ KWL IR I i) Ty=25°C 26 -
d(off) Turn-off delay time Io =25A. T=175°C 32
Vos = 800V, —
¢ T B (] Vas = -4/+18V, Ty=25°C 18
d ) - ns
Fall time Re(orr) =0.0Q, Tu= 175 °C 18
dv/dt =59200V/us
OFF Turn-off energy loss Tu= 175 °C 92
t SIS Ty=25°C i s
dlon) Turn-on delay time I =25A, Ty=175°C 1
VDS = 800V, _ o
T Vas = -4/+18V, Ty=25°C 10
tr o _ ns
Rise time Rg(on) =1.8Q, Tu= 175 °C 10
di/dt =1500A/us
E %@jﬁﬁ (ij= 175 oC) ij= 25°C 224 J
oN Turn-on energy loss Ty=175°C 271 H
TRAE IR AP R A T,=25°C 113
Qr Diode reverse Ip =25A, o nC
recovery charge Vs = 800V, Ty=175°C 150
AR R | - diso/dt =1500A/us T.=25°C 11
- Diode reverse (Ty= 175 °C) - A
recovery current Ty=175°C 13
A Thermal Characristics
e SR % AF mMA | HAE | RO <K A
(Symbol) (Parameter) (Test Conditions) (Min) (Typ) (Max) (Unit)
S5 B FEHE
Revi-c Tc=25°C,T,j=175°C 0.47 KW
Thermal resistance, junction — case
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120 / 120 Ey— / / T
110 // 110 | T2T D vy / >
— — Vgs=18V .
100 1 100 Ve = 20V 4 7
90 / 90 -/
80 80
70 70
< <
< 60 < 60
£ £
50 50
40 40
30 30
20 T,=25C 20
Ves = 20V
10 R iofet Y 10
0 —_—— — Vs = 13V 0
0o 1 2 3 4 5 6 7 8 9 10 0 2 4 6 8 10 12 14
Vbs - [V] Vbs - [V]
3. SR LA 2R, 1o=f (Vos), Ty = 25 °C B 4. SRRt A 28, 1p=f (Vos), T, = 175 °C
Fig.3 Typical output characteristics, Ip=f (Vpg), T; = 25 °C Fig.4 Typical output characteristics, Ip=f (Vps), T,; =175 °C
120 120 /
110 110 5
100 100
90 90
80 80
70 .10
< <
< 60 < 60
£ £
50 50
40 40
30 30
20 20
Ves=18V )
10 10 m——Cr
----- T,=175C
0 0
o 2 4 6 8 10 12 01 2 3 4 5 6 7 8 9 10 11
Vps - [V] Vbs - [V]
Bl 5. R SR 2L, Io= £ (Vos) Bl 6. R SR 2R, Ip=f (Vos)
Fig.5 Typical output characteristics, Ip=f (Vps) Fig.6 Typical output characteristics, Ip=f (Vps)
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120 100
110
100
90
80
70 g
< &
< 60 —
o s
50 2
o
40
30
30
20
20
10 10
0 - 0
0 2 4 6 8 10 12 14 0 20 40 60 80 100 120
Ves - [V] Ib - [A]
7 AE KRS 28, 1= f (V) Kl 8. T HLBH M N ZR, Rosion) = f (/)
Fig.7 Typical transfer characteristics, /p=f (Vgs) Fig.8 Typical On-Resistance characteristics, Rps(on) = f (/p)
100 3.8
Ves=18V
T,j=25C
90 | —— - my=125C 3.6
— = = T=175C ,
80 / 34
4
70 7 32
— L
% 60 - - A E 3
|T| | - — / ]
- 50 — = 28
c — =
s R @
g 40 —"//_/ > 26
X
30 24
20 2.2
10 2
0 1.8
0 20 40 60 80 100 120 -50 0 50 100 150
Ip -[A] T;-[C]
9. 53 HL B IR 2%, Rosionm = F (I0) ) 10. B F P S 2R, Vigsien = £ (T)

Fig.9 Typical On-Resistance characteristics, Rps(on) = f (Ip) Fig.10 Typical Vgt characteristics, Vgsen) = f (T))
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2 3.5
Ves=15V Ves=15V
Eorr, Ty=100C Eorr, Ty=100C
1.8 | —— — Eorr, Ty=175C —— — Eorr, T=175C
------ Eon, Ty=100C 3|------ Eon T=100C
—— = — Eon, Ty=175C —— = — Eon, Ty=175C
1.6 Vps=600V Z Vps=800V
" 25|
14 |00 A ~ [Reoon
= 12 -
= =
g g ?
1 1 1
z z
& s g 15
0.6 1
0.4
0.5
0.2
0 0
20 40 60 80 100 120 0 20 40 60 80
Ib -[A] Ib -[A]

P 11. MOSFET FF IR ML 28, Eoe=f (Ip), Eon= f (/)

Fig.12 Typical MOSFET switching energy, Eqs=f (Ip), Eon=f (/)

12. MOSFET JFRHFE ML I 2R, Eoe= (In), Eon=TF (Ip)
Fig.12 Typical MOSFET switching energy, Eqs=f (Ip), Eon=f (Ip)

0.6 25
Vos=18V Vos=18V
Eorr, Ty=100C Eorr, Ty=100C
—— — Eorr, Ty=175C —— — Eorr, Ty=175C
------ Eon, T,=100°C ====== Eon, I,=100C
0.5 | =— = — Eon, Ty=175C — = — Eon, Ty=1757C
Vps=600V / 2 5'38?84?/?\&
Vos=-4/18V A Gs=-
Rj:n=3-99 ’” Egor\:g-gg
0.4 | Rgot=0.0Q /' gof=0.
= . = 15
E / E
+ 03 '
= =
oy ’ / w 1
0.2
0.5
0.1
0 0
0 20 40 60 80 100 120 0 20 40 60 80
Ib -[A] Ib -[A]

K] 13. MOSFET A0 FE ML B 2R, Eoe=f (Ip), Eon= F (Ip)

Fig.13 Typical MOSFET switching energy, Eqs=f (Ip), Eon=f (Ip)

&l 14. MOSFET JT AT AE ML AL 22, Eo=  (Ip), Eon=f (Ip)
Fig.14 Typical MOSFET switching energy, Eqs=f (Ip), Eon=f (Ip)




—— pEhE
C3 cRRC

FmEBIEFAM  Product Datasheet KA Ver 25.09

TM40S12B1A-303B
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0.25
Ves=15V

Eorr, Ty=100C
—— — Eorr, Ty=175TC
""" Eon, T,;=100C
— = — Eon, Ty=175T

Rc - []

0.2 Vps=600V
Vgs=-4/15V
Ip=25A
= 0.15 v
E .
= / |-
(2] .
w o1 e
-
/
e | e —_—
0.05
0

] 15. MOSFET JF CHiFE ML B 4%, E,.= f (Re), Eo=f (Rs)
Fig.15 Typical MOSFET switching energy, E.,= f(Rg), Eoi=f (Rg)

0.3
Ves=18V

Eorr, Ty=100C
0.27 | —— — Eorr, Ty=175C
------ Eon, T4=100°C
—— = — Eon, Ty=175C

0.24

Vps=600V
Vgs=-4/18V

0.21 |25

0.18 e
0.15 e

0.12

Esw - [mJ]

0.09 —

0.06

0.03

Rc - []

17. MOSFET - AL JU AL 12, Eoe=f (Ro), Eotr= f (Ro)
Fig.17 Typical MOSFET switching energy, E.,= f(Rg), Eot=f (Rg)

0.6

0.5

0.4

0.3

Esw - [mJ]

0.2

0.1

Ves=15V
Eorr, T,=100C
——— — Eofr, [,=175C
""" Eon, Tj=100C
—— = — Eon, Ty=175C
Vps=800V
Vgs=-4/15V
Ip=25A
'
P
% :
P
H
-
— -
L —_— -

Rg - [Q]

16. MOSFET JF k4546 it 24
Fig.16 Typical MOSFET switching energy, E,n= f(Rg), Eor=f (Rg)

Eﬁﬂéf, Eon=f (Rg), Eoi=f (R)

0.6

0.5

0.4

0.3

Esw - [mJ]

0.2

0.1

Ves=18V

------ Eon, Ty=100C
— — — Eon, Ty=175C

Eorr, T,=100C
——— — Eofr, [,=175C

Vps=800V
Vgs=-4/18V
Ip=25A

Rg - [Q]

K] 18. MOSFET JT K AAE I HIZL, Eon=f (Rg), Eotr= T (Ro)
Fig.18 Typical MOSFET switching energy, E,n= f(Rg), Eor=f (Rg)
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10 18
Ciss VD_s=800V
5| e 16 |Trssic
3
5 14
1 \ 12
10
0.5
L 03 \ 2 8
T 02 ~ ”
0.1
: 4
0.05}
B 2
0.03 |-
0.02 0
001 ------------------------ -2
0.005 -4
0 200 400 600 800 1000 1200 -0.02 0.02 0.06 0.1
Vbs - [V] Qg - [MC]
19. FARHME BRI 2R, C=f (Vps) Bl 20. AR FELART AR 1A SR 2R, Vs = F(QG)
Fig.19 Typical capacity characteristic, C=f (Vps) Fig.20 Typical gate charge characteristic, Vgs=f (Qg)
0 0
ij=25°q ijf25°q
0| g 40| T
-20 -20
-30 -30
_40 VGS='4V _40 VGS='4V
. =90 . =90
< <
. -60 . -60
L L
-70 -70
-80 -80
-90 -90
-100 -100
-110 -110
-120 -120
8 -7 6 -5 4 -3 -2 A1 0 8 -7 6 -5 4 -3 -2 A1 0
Vs - [V] Vs - [V]
21, PR RRAE R = R R L AR I MR R 2K, fp = £ (Vis) Bl 22, PR AR R = PR A R T IR, 1 = F (Vi)
Fig.21 Typical body diode output and 3rd quadrant characteristic, Fig.22 Typical body diode output and 3rd quadrant characteristic,
Ip =f (Vps) Ip =1 (Vps)



el TM40S12B1A-303B
E a 2%3% SiC MOSFET #%f4 SiC MOSFET Device
—

FmEBIEFAM  Product Datasheet KA Ver 25.09

75 70
Ves=15V Ves=18V
70 | 1p=33A 65 | 1p=33A
65 60
60 55
55 50
45
g ¥ g
E 45 EY
z S 35
9 40 o
2 2 30
X 35 14
25
30 20
25 15
20 10
15 5
10 0
-60 -30 0 30 60 90 120 150 180 -60 -30 0 30 60 90 120 150 180
T[] Tl
23. S LB IR I 2R, Rosom = F (T) 24. FIB AL I ZL, Ros(on = f (T)
Fig.23 Typical On-Resistance characteristics, Rpson) = f (T;) Fig.24 Typical On-Resistance characteristics, Rpson) = f (T;)
10
Zin MOSFET
5
2
1
0.5
£ 0
' 041
Q
% 0.05
N
0.02
0.01
0.005
0.002 | MOSFET Ri(KW) 0.11261 0.17206 0.042725 0.14264
) ti(s)  0.00341 0.01491 0.0007478 0.00342
0.001
0.0001 0.001 0.01 0.1 123510 100
t, - [s]

25. W ASTABHITHIZL, Zin.o) = F (to)

Fig.25 Transient thermal impedance, Zy.c) = f (t,)
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m
=

#P1

J

E2

ey
l
[019]

b2 |]|]

L1
E]
T
=]
-
L
=
—
|

SYMBOL mm

MIN [ NOM [ MAX
A 480 | 500 | 5.0
A1 221 | 241 | 259
A2 185 | 200 | 215
b 111 | 121 | 136
b2 191 | 201 | 221
b4 291 [ 301 | 321
c 051 | 061 | 075
D 2070| 21.00| 21.30
D1 16.25 | 16.55 | 16.85
E 1550 | 15.80 [ 16.10
E1 13.00 [ 13.30 [ 13.60
E2 480 | 500 | 5.0
E3 230 | 250 | 270
e 5.44BSC
L 19.62 [ 19.92[ 20.22
L1 - - 4.30
M 0.35 - 0.95
P 340 [ 360 | 3.80
P1 7.00 - 7.40
s 6.05 | 615 | 6.25

K 26, #HERTF

Fig. 26  Package Dimensions
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PR R RBAEIRA R
ZHUZHOU CRRC TIMES SEMICONDUCTOR CO., LTD

Tianxin Industrial Park, Shifeng District,

S Address 1R A8 AR T A A IX R 0 T [
ZhuZhou City, Hunan Province, China
il Uit Zipcode 412001
. i Telephone +86 (0)731-28498268, 28498238, 28493472
& R Fax +86 (0)731-28498851, 28498494
F TR A Email ctsc@csrzic.com
Mok Web Site http://ctsc.csrzic.com

55 P 2R A AN 2R 3K

(1) BT M7= i S B R LT IOABR N St T S B2 R, AT e & M5 B R ey — Bk e, A fRIE
AR BCLSRE IR S b A, SRR A AT RO PPAG 7 i AOIE I . G R AR BN 7 a5 AR, IR R IR A R RO B BB R 3
o

(20 A7 el T b RO — 8 207 et i R O SR, SRt T K A7 i s P R S TR A i B (LR R RAIE TR 2
i B AN 2 R b B I AT o SR A RO AR, R m) o SOAEAT 7 b B T, BB I S B 2 ] W A AR R T E S
(3) UURRAT= A REIREE R, BN TARRAT . (TR BR7 s AEandERRas) o oAU 5 3R RIS EAT N A R A
VAL, LG R L.

(4) 7= A P RE A, A R 7 b s T A P SR BRI P L s PRI B2 4 TAR XV FE S DL, 32 A ik AR AIE ™ fh
(1 5 AT S A

(5) P EER T I E T B A, SRR PRSI e MR g e ltHE, 2RI (preliminary) , iZFRR R 1% 5 C5E
T, B SRS B AR RE T, s T 0 A AT AT A, (ER ORI AT RE A AR . R i e T A
HIUA ERBARRE, R % 5 O DR A

Terms and conditions of usage

(1) The product information in this datasheet are intended for use by technical personnel. Due to the diversity of product applications, the
information contained in this document can only be used as a general guide, the application applicability cannot be guaranteed in some special
applications. It is recommended that users do the assessment of the application applicability before applied. If users need additional product
information and help, please contact our sales or technical support.

(2) Some product data in the datasheet of this product are the typical values, the actual factory testing data may deviate slightly from typical
values, but our company guarantees that these deviations will not affect the normal use of the product. If the product information changes, our
company will promptly amend the datasheet, please keeps your attention to product information changing in our company website.

(3) If there are special requirements for the product, or apply it in special industries (such as aerospace, medical, life support, etc.), we strongly
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recommend that to perform joint application risk and quality assessments, get the quality agreements.
(4) During the application, if the working conditions are beyond the limitation of temperature, voltage, current or safe operating area of the
product defined in the product datasheet, our company cannot guarantee the reliability of the product.
(5) We annotate datasheet in the top right hand corner of the front page, to indicate product status. The annotation*Preliminary” indicates the
product design is complete and final characterization for volume production is in progress, the product information in the datasheet is currently

can be referenced, but some details may change in the future. There is no annotation indicates the product is capable to produce in batch quantity.
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