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TG400FF12S3-S5A03
FNHLIT IGBT i3k Six-Pack IGBT Module

XESH Key Parameters L ER4EH Circuit Configuration
VCES 1200 V P3 P2 P1 ”
C5 Cc3 Cc1 “
VcE(sat) Typ. 1.35 Y,
G5 ’J G3’J Gl ’J 2
Ic Max. 400 A E5 «—1 , B 7 , B 1 . 1
L R a— ca— o —t I
T4
Ic(rm) Max. 800 A . J M.J Gz.J .
E6 E4 E2 “é:
. . . N3 N2 N1 6
BRIR Typical Applications
B 1 L AR
® HINAE Automotive Applications Fig. 1 Circuit configuration
® RGBIAEhE Hybrid/Electrical Vehicles RSN Module Appearance
® HIHLIKZ] Motor Drives

HaR Features
® [ 4 EH- R EE AR Elliptical Cu Pin-fin Baseplate
® KT CARFE Low Switching Losses
® 1200V %€ HE Blocking Voltage 1200V
® UKt Low Inductive Design
REBRERZE U ER

&l 2. BLRAME
Fig. 2 Module appearance

Module Label Code Instruction

HE i E Bz
Data position Content of data
18 FEHLRE RS
Module batch number
FEHL T 55
9--12
Module serial number

Caution: This device is sensitive to electrostatic discharge.

R AZAHE T RAUR, 7 AR ESD B i .

Users should follow ESD handling procedures.
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RATEE Absolute Maximum Ratings
e SR MR %A EAdIEN <X
Symbol Parameter Test Conditions Value Unit
Veces %Eﬁm'j’igﬂ.& Ik Vee=0V, Tc=25°C 1200 \%
Collector-emitter voltage
Vees WA Tc=25°C +20 Y
Gate-emitter voltage
Nray
RABAR Te=70°C, Tymax=175°C 300 A
Collector-emitter current
Ic
e HL I
Rating Current 400 A
£ AR VAR FLUR _
feww Peak collector current tp=1ms 800 A
EIfofe 455 300 N\ ZEE
Prax iR RO Te=75°C, Tyjmax = 175°C 625 W
Max. transistor power dissipation
2 R PHE _ _ P 2
It Diode /2t Vr =0V, tp = 10ms, Ty; = 175°C 7.53 kA’s
" i u -, IS5 3R A B
y é@?%%ﬁi(*%ﬁ%) %‘j:}ﬁﬁﬁﬁlﬁﬁ% lﬁﬁ% %i*}ilﬂhﬁﬂﬂ%& 4200 v
isol Isolation voltage — per module ( Connected terminals to baseplate),
RMS,f=0 Hz,t=1 sec ,Tc= 25 °C
AN Thermal & Mechanical Data
B A 1 Es
Symbol Explanation Value Unit
\;u.. _ﬂ: #h =}
fl’ifniﬁ:flé\l\‘t?heatsink 9 mm
JT€ F PR B
Creepage distance e A o
. . mm
Terminal to terminal
T‘JJ.I - }\-“ 1=}
fl’ifni&j‘ti&heatsink 45 mm
#4425 ] i
Clearance e RTE 2 45
. . . mm
Terminal to terminal
AR I LR 2 150
CTI (Comparative tracking index)

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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AR Thermal & Mechanical Data
i AR AR 2% A ROME | BBUME | BORME | B
Symbol Parameter Test Conditions Min. Typ. Max. Unit
IGBT £ N ——
Runw-)1c87 | Junction to cooling fluid thermal Zt_ﬂfi‘ dfﬂ% /f]’q ﬁ*%{ﬁ"% oéw 150 160 | K/Kkw
resistance — IGBT - PORT
— Cooling Fluid: 50% water /
R Ll 50% ethylenglycol; AV/At=10
Rin-F) biode | Junction to cooling fluid thermal dm¥min: Te= 75 °C 218 230 K/ kW
resistance —Diode ’
AEI: 50% & B AV
At=10 dm®*/min; T¢=25°C
YA 76 V2
AP S’,ﬁ”sfﬁl;gﬂm  ooling cirat | CoOling Fluid: 50% water / 68 mbar
P 9 50% ethylenglycol: AV/At=10
dm®min; Te= 25 °C
R HW R KIES
P Maximum pressure in cooling 25 bar
circuit
IGBT &/ (IGBT) -40 175 °C
- TARL:R
vjop 0 . . .
perating junction temperature
& v ( Diode ) -40 175 °C
\ E
Tetg Tl -40 125 °C
Storage temperature range
:—‘—v;{ 1 Ei -
. SAREER - M4 1.8 2.0 2.2 Nm
M 4 Mounting - M4
Screw torque PCB #3 f
PCB Mounting 0.95 1.0 1.05 Nm
P et PH KL NTC-Thermistor Data
i SR T A BAME | MBE | BORME | S
Symbol Parameter Test Conditions Min. Typ. Max. Unit
e FL A —or o
Res Rated resistance Te=25°C 5 kQ
Rioo 2 _ o _ ) 0
ARIR Deviation of Rioo Tc =100 °C, R100=493Q 5 5 %
P25 ﬁﬁﬁﬂ% N Tc=25°C 20 mwW
Power dissipation
Basis0 g :f/EaIue R2 = Ros exp [825/50(1/T2 - 1/(298.15 K))] 3375 K
Bas/s0 g :f/EaIue Ry = steXp [B 25/80(1/T2 - 1/(298.15 K))] 3411 K
Bas/100 g :f/E‘alue Rz = Ras exp [B 25/100(1/T2 - 1/(298.15 K))] 3433 K

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.

R AZAHE T RAUR, 7 AR ESD B i .



TG400FF12S3-S5A03
FNHLIT IGBT i3k Six-Pack IGBT Module

thEhE

C3 crRRC

FEmHIEFAM  Product Datasheet FEZN Ver 25.07
A (E Electrical Characteristics
BrAEREAI A, /0N Te= 25 °C Tc= 25 °C unless otherwise stated
(iie) AR A RAME | BB | RRME | B
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vee = OV, Vce = Vees 1 mA
> Nray
les | RRBELERG Vee = OV, Vee = Vees, Ty =150 °C 15 mA
Collector cut-off current
Vee = 0V, Vce = Vees, T,j=175°C 20 mA
N Nray
logs | DL L Ve = £20V, Vee = OV 05 | pA
Gate leakage current
AR - A3 0 8 4 R _ _
VGE (th) Gate threshold voltage Ic = 10mA, Vge = Vce 5.35 5.95 6.55 \Y,
Ve =15V, Ic = 300A 1.35 1.65 \Y,
%Eﬁ*&-ﬁﬁﬁ*&i@ﬂ] EEE VGE =15V, IC = SOOA,TVj= 150 °C 1.55 V
*1) . .
VCE (sat) Collector-emitter saturation
voltage Ve =15V, Ic = 300A,T,;= 175 °C 1.60 v
Ve =15V, Ic = 400A 1.50 \Y,
— K N 3
Qf& ERSAERER M DC 300 A
, Diode forward current
F
AR AUE IE 1] R 400 A
Diode rating forward current
— peren 4 Vray
ey | CPOEERESERG | 800 A
Diode peak forward current
Ir = 300A, Ve =0V 1.95 2.25 \Y,
Ir = 300A, Vee =0V, T,;=150 °C 1.90 \Y,
YA AR IE R L
F .
Diode forward voltage
Ir =300A, Vee =0V, T,j=175°C 2.10 \Y,
Ir = 400A, Ve =0V 2.10 \Y,
T,j=175°C, Vcc =800V,
L% LI Vee<<15V, t,<<3ys,
fsc Short circuit current VeE(max) = Vees — LPxdifdt, 1700 A
IEC 60747-9
wE: 1.(*1) FRZSHEFET KP4 1 (1) indicates it is given at chip level),
Note: 2.(*2) o LR EBE A BRI E Lsce ( (*2) indicates L is the circuit stray inductance plus Lsce).

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.

R AZAH T R
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B E Electrical Characteristics
BrAEREA A B, B Te=25°C Tc= 25 °C unless otherwise stated
5 SH AR 1 BAME | BIUME | BOKME | AL
Symbol Parameter Test Conditions Min. Typ. Max. Unit
, LPNG IR Vece = 25V, Ve = 0V,
Cles Input capacitance f=100kHz 58 nF
A R A7 Vce =600V, Ic = 300A,
Q Gate charge Ve =-8/+15V 2.23 ucC
C &Fﬂ’ﬁ?%ﬁ%ﬁ VCE = 25V7 VGE = OVi 0 18 nF
res Reverse transfer capacitance f=100kHz :
T LK
Lsce Module inductance 8 nH
REH G| L HBH, T
Reesee | \odule lead resistance, terminal-chip 0.9 mQ
S Vee = OV 45 Q
Internal gate resistor

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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HEME Electrical Characteristics
g S ATR MR ZF A wAME | MEME | ROKE HpL
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ty= 25 °C 440
IR HE R B (7] _ o
Lot Turn-off delay time Ty=150°C 495 ns
IC =400A, TVJ: 175 °C 510
gCE - 65/2\1/5\/ T,=25°C 55
At T GE = - ’
t IR Reorr) = 7.0Q. T4= 150 °C 110 ns
Fall time Ls=35nH
dv/dt =4000V/ps T,=175°C 10
(T= 175 °C). Tu= 25 °C 18.7
Eore | NBrHiiRE Ty= 150 °C 26.4 mJ
Turn-off energy loss
Ty=175°C 27.3
T,= 25 °C 240
FFIE AE IR R (8] _ o
ta(on) Tum-on delay time Ty= 150 °C 240 ns
IC =400A, TVJ: 175 °C 240
i, e z
A GE = - )
t LTI Reon) = 2.7Q, Ty= 150 °C 100 ns
Rise time Ls= 35nH
dildt = 6600A/ps Ty=175°C 100
(Tv1= 175 C) TVJ= 25 oC 147
TFIEARFE = °
Eon Turn-on energy loss Ty=150°C 201 mJ
Ty=175°C 21.0
T.=25°C 16.0
R SRR L 4
Qr Diode reverse Ty=150 °C 29.8 ucC
h
recovery charge T.= 175 °C 311
= T.=25°C 125
— R |00 i
& (Ty= 175 °C). T,= 175 °C 207
T,=25°C 7.6
TR R IR BUE k
Erec Diode reverse T,;= 150 °C 17.9 mJ
recovery energy T=175°C 191

1.(*1) dvidt: & XKW L HLE Vee LTHBE, 40% Ve 25 60% Vee X THI BRI ((*1) dv/dt: Defined as the slope
ER: of waveform of 40% Vceto 60% Vce during turn off )
Note:  2.(*2) dildt: & SCNIFEIRIEHER Ic ETHEL, 40% Ic & 60%lc X (8 B 43R ((*2) di/dt: Defined as the slope of
waveform of 40% Vceto 60% di/dt during turn on)

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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800 ——— Sl E—
2 Ve = 20v / L Ve =20V /
—_— — V=15V —_— — Ve =15V
700 (------ Vee=12v|——f 700 |------ Ve = 12V
— = — Vee=10V / . —_——— Vee=10V /
—_—— V=V . —_—— V=V
600 600
500 500
< <
<400 < 400
L L
300 300
200 200
100 100
0 0
0 0.5 1 1.5 2 2.5 3 0O 05 1 15 2 25 3 35 4
Vce - [V] Vce - [V]

B 3. 1GBT fi th 4Fp it A 28, 1= £ (Vie)
Fig.3 Typical IGBT output characteristic, /c=f (Vcg)

E 4.1GBT fr 4 tE s A IR, 1= (Vee)
Fig.4 Typical IGBT output characteristic, /c=f (V)

800 800
700 700
600 600
500 500
< <
< 400 < 400
L L
300 300
200 200
100 100
0 0
0 0.5 1 1.5 2 2.5 3 3.5 5 6 7 8 9 10 11 12 13 14
Vce - [V] Ve - [V]

P 5. IGBT iy 4 1tk gL 7 ph 28, 1= f (Vie)
Fig.5 Typical IGBT output characteristic, /c=f (V)

& 6. IGBT &4kt A 48, 1= f (Vge)

Fig.6 Typical IGBT transfer characteristic, Ic=f (V)

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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80 160
Eorr, Ty=150C Eorr, Tyj=150C
—— — Eorr, =175C —— — Eorr T=175C
------ Eon, Ty=150C - - - - - EonTy=150TC
70 | — = — Eon, =175 140 | — = — EonTy=175¢C
KCE =Gg§)v1 v Vge = -8/+15V
=-8/+15 =
60 | Roon 270 120 | & = Soov
Rg(oFF) =7.0Q
50 100 /
T 40 T 80 ,,'/
= = .
& i l
30 60 /,"
20 40 .
/ ==
‘o — —
10 20|/
0 0
0 100 200 300 400 500 600 700 800 0 5 10 15 20 25 30 35 40
Ic - [A] Re - [Q]
7. 1GBT FFRAFES I M 28, £,0=f (Ic), Eon= T (Ic) 8. IGBT JF It FE s R i 28, .= f (Re), Eor=  (Rg)
Fig.7 Typical IGBT switching energy, Eo.=f (Ic), Eo= T (Ic) Fig.8 Typical IGBT switching energy, E,,= f(Rg), Eoit=f (Rg)
1000 500
—— — Jc-chip Cies f=100kHz
Ic-module — = Coes Ty=25C
----- Cres
100
800 | N—
| »
600 | l
< i NS
L | LI) 1 T — -
400 | —_——
200 (9 [ S K S T S . LI THPE - —
T, = 175°C
Ra(oFF) = 7.0Q
Ve = -8/+15V
0 0.01
0 200 400 600 800 1000 1200 1400 0 20 40 60 80 100
Vce - [V] Vce - [V]
9.IGBT fefm 224 LAEIX, I = f (Vi) Bl 10. MRS IR, C=  (Vee)
Fig.9 Reverse bias safe operating area of IGBT, /c = f (V) Fig.10 Typical capacity characteristic, C=f (V)

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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800
—_— — 150 C
700
600
500
<
< 400
L
300
200
100
-10 0 /'
0 0.5 1 1.5 2 25 0 05 1 15 2 25 3 35 4 45 5
Qg - [HC] Ve - [V]
B 11, MR HE AR 1 B B R 2R, Ve = F(Qo) B 12. FRD #irtHREt BB LR, 1e = £ (V5)
Fig.11 Typical gate charge characteristic, Vge=f (Qg) Fig.12 Typical FRD output characteristic, /z = f (V)
32 32
Erec, T,j=150C Erec, T,j=150C
= = Eec, Ty=175T = Eec, Ty=175TC
Vee =600V 28 | Voe = -8/+15v
Voe = -8/+15V Ir =400A
Ra(on) =2.7Q Ve =600V
24 24
20
5 )
E, E
16 16
] ]
w w
12
8 8
4
0 0
0 100 200 300 400 500 600 700 800 0 2 4 6 8 10 12 14 16 18
Ir - [A] Rg - [Q]
K 13. FRD AWK EARFE IR 2R, Eo=f(lr) P 14. FRD s i) Pk E AL # B H £8, E,ec=f(Rs)
Fig.13 Typical FRD switching loss E,eo Erec=f(lf) Fig.14 Typical FRD switching loss E,o Erec=f(Rg)

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.

TER: ZA AU, P R AR ESD Bl Bt .



—— pEOE
C3 crRRC

TG400FF12S3-S5A03
FNHLIT IGBT i3k Six-Pack IGBT Module

FEmEBIEFM  Product Datasheet ARZ Ver 25.07
1000 1000
Ty=175C Zin IGBT
— = Zin Diode
800 L o i
100 i -~
600 3
z :
e f 10
< o
400 z
N
1
200
IGBT R(KKW) 13.66 21.99 74.64 41.58 9.90
ams) 048 593 5017 327.6 12854
Diode R(KIKW) 2923 2879 107.22 4958 1583
ams) 060 721 4138 233.04 1193.4
0 0.1
0 200 400 600 800 1000 1200 1400 0.001 0.01 0.1 1 10 100
VR -V] tp - [s]

K 15. FRD w2 4 LAEIX, I, = f (VR)
Fig.15 Reverse bias safe operating area of FRD, /,, = f (V)

20

10

R -[kQ]

0.1

0 20 40 60 80 100 120 140 160

Tc-[°C]

K 17.

PR BH S SRR R 2R, R=f (To)

Fig.17 Typical NTC thermistor characteristic, R=f(T¢)

lg] 16. Eﬁ%?&%’ﬂ‘ Bﬂﬁﬁsﬁéﬁ, Zth(J_F) = f (tp)

Fig.16 Transient thermal impedance, Zyy.¢) = f (t,)

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.

TR Ao AR,
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8 655101
HERRED

)
[eleos]A 8] c]

$5.25+0.1

122.00
128.2!

610.2 2610.3

hid 0402
<lp0.4[A|B|C

8x94.640.05

$4.1540.1

3x#5.5+0.1

HERRHEE
el A[B[C]
9425401

o]

15.8140.2

J=J
9.240.2 B
@ 2l []] 8 10.140.4
S B | 7604
0.00 N $-s1.0[A|B|C
: Zﬂ\—/‘ Bx02.6£0.1 T
8.00 H
18.85 J = ‘
*%
51.85 ul
59.35
67.15 T —
69.85 o |
410 == — 3.9540.3
82.00 2 Ui, [0
88.25 : ©
90.75
< 8] [= HEE RIS 7.640.4
IR 2 sl<|s||s 5| < s ]= Gl (=g !
== === (19.76)

BAEK
1V RERTXAZ S20BT-14486-2008 CEREERRTAZ) W
MTS % SHMT:
(O)X<10 +0.14 (b)10KX<30 +0.25;
(¢)30<X<50 +0.32 (d)50<X<100 +0.53
(6)100<X<200 +0.8:
2+ MPresshit AEERAS!.Omm pin gaugest

HEE Weight: 750g FEHA S Module outline code: S3
K 18, BEHAMIURF
Fig. 18 Module outlines

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.

TER: ZA AU, P R AR ESD Bl Bt .
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PR R RBAEIRA R
ZHUZHOU CRRC TIMES SEMICONDUCTOR CO., LTD.

Tianxin Industrial Park, Shifeng District,

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

i F 2 AR 2R 3K

(D BURF M PG BT I DR N IR i TN 2 R, AU TR S 10ME B RAsE N — R IETR R, ToiEfR
TEHAE S LR R N o G P, e O P R P AP A 7 S & A . SRR AU A B AR, TR A A A e
AR .

(2) A7 S B T SR R 00— 23 il Bt A2 7 I IR, SRR T U 7 B T R S MR E R A R B, (HIRA R ARIIEIX
B B AN S A R IE R A o R E RO AR, A B BT 7 S BE T, BN SR A B Rk R AR R T
MHEE.

(3) WIRATAT= AR EER, SO THRRRATIE G s iR BRI7 . A dERess) |, sRZUd U P 53A RIBCA BT R XU AN
7R VAL, RS G — R .

(4) 7= A A RE b, R ™ s T b B SCRY P BRI . L MR e A AR XS A 00, FRA B TEVETRAE ™
s PR S F AT SE

(5) FERTEAEFT, FEAEARRE. R BTHE, TERORTC AR . R OIS, AR DAZE A i L B B 1 0 T A

(6) FEMEARTFME A LA, SRR RIRG. WREMREEIE, SARPIR (preliminary) , ZAREME %7
SERBCTE, B S ROEE R E T, BOE T R S H AR T LS, (ERORFE LA AT R R A AR . R
FBEFME A EARA T, WFRRZ e w] 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,
12

Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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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 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) When the products are in use, it is strictly prohibited to touch. After power off, to ensure that there is no residual charge and the products
have been cooled before they can be touched. And all operations must be under ESD protection measures.

(6) 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.

13
Caution: This device is sensitive to electrostatic discharge. Users should follow ESD handling procedures.
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