® TITAN MICRO®
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FErmER

TM3B0O15160D6V1 #&— 3K 600V/15A =AHAMr & GeDh i, WE T KIAFEA M 7804 IGBT 1
FRD, AR T H 48 A% BSD, a4k 72/ PCB ¥it. N S04SR Bt VOT ThRe TR A b
NIRRT . EMRERY, SRy, SRR .

Description

TM3B015160D6V1 is a 600V/15A three-phase full-bridge intelligent power module (IPM). The module
integrates low-loss trench-gate field-stop IGBTs and fast recovery diodes (FRD), as well as bootstrap diodes
(BSD) to significantly simplify customer PCB design. It features a built-in temperature output function (VOT)
for real-time internal temperature monitoring, and provides multiple protection functions including under-
voltage protection (UVP), over-current protection (OCP) and over-temperature protection (OTP), which
comprehensively improves system reliability.

FERA: ZF :

MAIN FUNCTION AND RATING APPLICATION

® fLhk 6 BULHAE IGBT (600V/15A) ® BRI S ALK BN

® Integrated 6 low-loss IGBTs (600V/15A) ® _Inverter air-conditioning compressor drive

® R MR IKS) g (HVIC) ® LA ARAS A Be

® Integrated high voltage gate drive ® Industrial servoconverter
circuit( HVIC) ® RIFEMHL. KIE

o WEKREMAY . HiRRY . RS SR ® High power inverter's fan and water pump
i 1 Th g ®  rHblukshgs

®  Built-in under voltage protection and over ® Motor driver

temperature, over current protection and
temperature output

o N EMHLA A P S 2 TR
®  Built-in fast recovery bootstrap diede with
current limiting resistor
® Y5 2000Vrms / ShEh
® Insulation class 2000Vrms / min
o EAEEME. MRENE. 8Bt
® High reliability and thermal stability, good
parameter consistency
o NEREMHIIEE 135 /Package: DIP26

®  Built-in temperature output

1T 45 B Ordering Information

FE A A 77 50
Part Number Package Shipping
TM3B015160D6V1 DIP26 244 Tube
1
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Internal Equivalent Circuit/Pin Configuration
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Figl: Internal Equivalent Circuit Fig2: Final Equivalent Circuit
& B e X /Pin Descriptions
(BT (e BN (e ko
Pin Number Pin Name Pin Descriptions
P I o S Ml i
(-0 COM Internal common ground terminal
o vee PRI (&R |
Internal power terminal, No Connection
0 Ve U HH B i s it v H
U-phase high side floating ground supply voltage
5 v U M EMERE IC fLd)k
BU U-phase high side floating IC supply voltage
\ y VAl
sV V-phase high side floating ground supply voltage
s v V HEMrERE IC
BV V-phase high side floating IC supply voltage
) y W LR R O
SW W-phase high side floating ground supply voltage
; v W R _E#FEE IC ek
BW W-phase high side floating IC supply voltage
8 N U AH_E MR 3K 30 s A
UH

U-phase high side gate driver input
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9 Nva V' RH A AR SR B A N
V-phase high side gate driver input
0 Nun w *HLHF%*&QIX@J%%%V\ .
W-phase high side gate driver input
N Ny B BB Ot
CCH High side gate drive supply voltage
19 e oy e dh iy
COMI Module common ground
s N | U TR A
U-phase low side gate driver input
M N |V PR BRES G
V-phase low side gate driver input
- N | W TR RES R
W-phase low side gate driver input
I Ve | FHRRES R B
Low side gate drive supply voltage
o Ny HOBTE 4
FO Fault Output
S LA v, FH T R R IR A I A A\ 5 R I
18 Csc External capacitor, used for short-circuit current detection input and
low- pass filtering
T 3 At dh iy
19 COM2 Module common ground
. LI S
Vor Temperature output terminal
” “ WAL
W-phase DC_negative terminal
2 NV VRGO, | |
V-phase DC negative terminal
s “ U MEwSR, |
U-phase DC negative terminal
W AH H i
24 b Output for W Phase
- g VAR
Output for V Phase
U AH % tH i
26 U Output for U Phase
- ; FL BF L A
Positive DC-Link Input
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BARHEE (1= 25°C, B4k
Maximum Ratings (Tc=25°C Unless Otherwise Specified)
W25 E 43 /Inverter Part
2 B el W |
Symbol Parameter Condition Ratings Unit
v FLYA L fmF P-NU. NV, NW Z[d] 450 v
" Supply Voltage Applied between P-NU, NV, NW
AR CEIRIED T P-NU. NV, NW Z[d]
Vi (surge) . 500 v
Supply Voltage (Surge) Applied between P - NU, NV, NW
P E e T w0 | v
- Collector-Emitter Voltage
£E R FRL IR . . .
T TC=25C, Tj <150C 15 A
¢ Each IGBT Collector Current ¢ :
45 HL PR Ve PR
Ie Each IGBT Collector Current | TC=25°C  Tj <150C 30 A
(Peak)
P SRR | ae=25C 66 W
Power dissipation per one chip
12373/ Control(Protection) Part
%5 ZH i WO E LRy
Symbol Parameter Condition Ratings Unit
2 ] L R T J8 T Veo=COM1 COM2, Ve ™
Control the supply voltage COML.COM2 = [H]
Vee Applied between VCCH- 20 v
COMI1 COM2, VCCL-COMI1
COM2
_I%—Eﬁu%j:ﬁslﬂ%u EELJTS E};ﬁ:]: VBU_U, VBv_V, VB\\‘_W Z
v High-side control voltage [&] 90 v
” Applied between Vsu-U,Vsv-V,
Vew-W
iﬁﬁ]\ %473 EELJTS E}Eﬁ—]: INLH, INVH, INWH,INUL, IN\"L,
Input signal volt - 7 0 ~
Vi fpUL siggt voTlage INy.~COM 2 Ie] 0.3V, +0.3 | Vv
Applied between INun, INvH,
INwgINur, INvr, INwi-COM
w0 Fault output supply voltage Applied between Vro-COM e
TARSE R
T, Operating junction -40 to 150
temperature range
TAESE IR 0 Hl (45 <150 T
)
T -30 to 100
‘ Working shell temperature ©
range , TI<150°C
15 AN = [l s =y
Toe A7 fitg 5L 2 95 —40 to 125 C

Storage temperature range
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HOIGBT 45 - SE#BH
Ry jeq Single IGBT thermal 1.9 T/W

resistance, junction-case

HLFRD 45 - FHGH

Ry o Single FRD thermal 3.6 T/W
resistance, junction-case
4 2% ) L L 7%l ARE, W

Viso Isolation test voltage 60Hz 2000 Vrms

1Imin, RMS, f= 60Hz

FiE 1 RS HRESERA 150C, NRIER TR (IPW %2 TE, #UCPFHEE T < 125C (5| TC
< 100C&%M) .

Note 1: The maximum junction temperature of the power chip is 150°C, in order-to ensure that IPM can work safely, it is
recommended that the average junction temperature T; < 125°C (@Tc< 100°C)

3 T/E% A /Recommended Operation Conditions

e i H XA BME | WRME | BORME | AL
Symbol Parameter Condition Min Typ Max Unit
MEEE P- N ) Y
?"Ll@% MR poUNA A0 2 e
Vi s Applied between - 300 400 \Y
DC link supply voltage of P-UN/UV/UW
P-N
i iy 3K B FRLIE FL R BT Veeu-COM 2 [H]
Ve Low side supply voltage Applied between 13.2 - 20 \Y
Vcen-COM
e i v LR HELE (VB R T VU, V=V, V=W
v, | MUS) , < 1 13.0 . 20 | v
High side floating supply Applied between Vsu-
voltage (VB v.s VS) U, Vay-V, Vew-W
PWM 38 i S
Fou . 20 kH
PWM carrier frequency ?
e i 55 0 s i A [A) Sh SR
pr | XM . 2.0 uS
External dead time between
HIN & LIN
VSS- N Z Ik (&R
Vo | W s s v
Voltage between VSS - N
(including surge)
PWison | BN K 98 52 ’
. . . uS
PV | Minimum input pulse width
dVeo/dt | e A Ao A B A
dV,/dt | Control supply variation
5
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AR (TC = 25°C, BRARSE R
Electrical Characteristics (TC = 25°C Unless Otherwise Specified)
1 ZZER 45y /Inverter Part
BN A RR
v T H %1k @ {g w |
Symbol Parameter Condition . Unit
Min Typ Max
LSRR L | V=Ve=15V, V,=5V
VCE (SAT) | Collector-emitter saturation I=15A, T, = 25°C - 1.6 v
voltage
VE FRD 1E [r] ‘538 Hs B V=0V, T,=15A, s v
FRD forward voltage T, = 25C | '
ton FF IR CrRafild 1 686 - ns
tr Switching time (high side) Vi = 300V, = 66 - ns
toff \I/cc—_Vle—SlABV,V P S N I T
tf (O ’ HLIN, LIN— > _ 88 _ ns
T 471 3
trr e S - 176 - ns
=0l ] - -
ton TSR] (IR Vo 30077 Ve V. 866 ns
tr Switching time (low side) 15V - 102 - ns
tof'f I =A5A, Vg = 5V, . 650 . 1s
2] Induetive” load - 76 - ns
trr - 122 - ns
AR FL I R S A e L VAR
IcEs Collector-Emitter Leakage V=600V - - 100 uA
current
ViN v |
_! L 100%lc :
90% lc
Ve ! I il
T | I
| N/ e, .
10%]1 I i 10% V. 10% Vce 10% Ic
lc: ° I ': g . VCEE ! I
| :| tconyy 1| i | tcorp |
| l‘—I’l | |
l<——————JQE———j———buq———lﬂ——)|l g | tore

B 3. TSR 8] B E X

Figure 3.Definition of switching time
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#1343/ Control(Protection) Part
e i H M BME | MY | BOME | BB
Symbol Parameter Condition Min Typ Max Unit
T 2] BB S L (VOO V=15V, V=0V . . 042 | mA
Quiescent Vcc supply current
vt i sk V- R VR 7 S HL U
Tans (VBS) V=15V, V=0V - - 100 uA
Quiescent VBS supply current
Vse=0V, VF HL1%:
s 10k Q HiFH 47 % 5v
Vs WL 4 PR VSC=0V,VF Circuit: 7 +9 ) !
Fault output voltage 10kQ to 5V Pull-up
VFOI, VSCZIV, L«():hﬂA - 0.1 - V
N At T 1 HE w o | - | o
Fault output pulse width Fault duration
L DR AP ik A FL
Vscten Short-circuit protection trigger V=15V - 0.44 - V
voltage
) i I ' LVIC % 100 120 140 o ¢
t Over temperature protection LVIC temperature
o I CR A (2] LVIC Uk & i [ Rk
0T, Over temperature protection LVIC temperature - 10 - °C
hysteresis Hysteresis
LVIC iw/Z=25C
LVIC Temperature=25 - 1.1 1.4 Vv
v R U 1) C
" Temperature output (Figure 4) LVIC JREE=90°C
LVIC Temperature=90 - 2.7 - v
C
W | SR RS CLE ) Vs fﬁiage o | uo| a2 | v
Low—s1d§: undqr voltage = TS
Uuv,, protection (Eigure 7) “« 9 10 11 v
VCC reset voltage
Woo | SRS CLE 8 Vs MBI 0 | ono| o | v
High-side under voltage VBS sensis voltage
UV, protection (Figure 8) Vi ZALHIE 9 10 11 v
VBS reset voltage
, B R s _ _ | v
! On-threshold voltage Logic high ]
v %I R I I | 1
Shutdown threshold voltage Logic low
7
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H 2% 1k B &4 /Bootstrap diode section
e T H %1 /ME | MY | ROKME | B
Symbol Parameter Condition Min Typ Max Unit
V: AE i I;=10mA, TC=25C - 2.9 4.0 V
Forward voltage
(| RERET [,=10mA, TC=25C - 250 - ns
Reverse recovery time
Vordéy i B 28/ Vor Output Curve
4 I I
A
3.5 ///i:;/
3 s
:f +5°C
= 25 'i4/”f:/’,f”’
A /
2 vt
1.5 - ///
e
1 - +10°C
0.5
10 20 30 40 50 60 70 80 90 100 110 120

Temperature [°C]

K 4. VOT IRl M2k C(HLAYfED
Figure 4. Temperature Profile of Vor (Typical)
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Inside IC |
|
wW : ©-
|
Temperatur‘e - :
Signal L MCU
Vrefl 4+ :
|
| 5kQ
| 1
— I — —

5: VOT %t Ll
Figure 5 VOT output circuit
L. R WS ThEE, 57E VOT SIMAME 5kQ FafH, FFEEFHNEE OTP Thiks #560FH p Efidif o
Wizhfe, W VOT SIEIfREFES (ANER .

If the temperature monitoring function is used, connect Sk to.the VOT pin, and ignore the internal OTP
function. If the internal over temperature shutdown function is used, keep the VOT pin on (no connection).

2. % IPM HFREZHIGS (0 MCU TAEHE A 3. 3V) ff, EEEJELE SN N VOT %t B s vl
fem T 3.3V EHIHEHEIE,. KRG KRG @ EEHI IR S VOT %55 2 [ FEBE A — A%, B

1ERE AR

When IPM is applied in low-voltage control (such as. MCU working voltage of 3.3V), the output voltage of VOT
may be greater than the control supply voltage of 3.3V in the case of a sharp rise in temperature, if the system is
used for low-voltage control, it'is recommended to connect a clamping diode between the control power supply
and the VOT output signal to prevent over voltage damage.
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p))
«

Low-Side Control

Input te
),
CC
Protection Circuit
State
¥
— b
Low-Side }
Output t ty I
— »_|
«
(I | |
SRR R } ity
t2 i I ITRIP Reference Voltage t; :
Sense Voltage of Shunt — ~ J\T ~ " A"~~~ A 1= ¥ aqvr———-—=="
z |
Resistor &\ ‘ 1
- N )
- N «
- N 1
~ == RC Filtering Delay |
Error Output FO ts / J

q
Bl 6. RO BV R /(K3
Figure 6. Short-circuit current protection (low side only)
tl: IEW A, Rkt 5.
t1: Normal operation, Low-Side output.
t2: JEEFEAN (TTRIP flk) .
CEBLE RC MEHECY 1.5~2. 0w s, MR TTRIP i’ )5 IGBT 7£ 2.0ns WKW D
t2: Short circuit current detection (ITRIP trigger).

(It is recommended to set RC time constant 1.5-2.0us so that IGBT shunt down within 2.0us when ITRIP be
triggered.)

t3: T RS Ay A A o

t3: All low-side outputs are hard interrupted.

td: JTA R S

t4: All low-side outputs turn off.

t5: FO HHHFELIIH] tFO=40ns (BR/MED ©

t5: FO outputs for tFO=40us (min).

t6: HAJVRHEE, i H ORI

t6: Input is low, outputs turn off.

t7: FO RE M-, BT AMAG 5 BRAe & e 77 ol H Sl
t7: FO rise to high, but outputs don’t turn on until input signal change low to high.
t8: KEIEH TAE, Hith 3.

t8: Normal operation, outputs on.

10
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Control input

Protection circuit state

Control supply voltage Vo

Output current Ic

Error output Fo

K7 RISRY M)

Figure 7. Under voltage Protection (Low Side)

bl: M FEHEE VD AT RIEEAMBME UVDr, 88 ARG 2RI f T ah TAE .

bl: Control supply voltage VD exceeds under voltage reset level UVDr, and the circuit starts to work when
the next input waveform arrives.

b2: IEH TAE: IGBT il 4t At

b2: Normal operation: IGBT ON and outputs current.

b3: VD ML FFEERISENERME WDt LA,

b3: VD level drops under voltage trip level (UVDt).

bd: TEWRAZEHI AR WM, Frafisn 16BT KiK.

b4: All low side IGBTs turn off'in spite of control input condition.

b5: FO 5| b5 (tFO0 =40 w's, HAER R IR S H 55D o

b5: FO pin outputs fault signal tFO = 40us, and continuously outputs fault signal during under voltage).
b6: VD HEIKEZE UVDr.

b6: VD levelreaches UVDr .

b7: 1EH TAFE: IGBT Sildff it

b7: Normal operation: IGBT ON and outputs current.

11
©Titan Micro Electronics www. titanmec. com
V1.0


http://www.titanmec.com/

® TITAN MICRO®
/), ELECTRONICS TM3BO15160D6V1

Control input

Protection circuit state

Control supply voltage Vos

Output current Ic

C
Error output Fo Keep High-level (no fault output)

K 8: RIEMRY (il

Figure 8 Under voltage Protection (High Side)
cl: HIHEJEHEE VDB LR /REEARME UVDBr, £ N —DHING S BRI EEE T4 T4
cl: Control supply voltage VDB rises to UVDBr, and the circuit starts to work when the next input signal
arrives.
c2: IEH TAE: TGBT i 41 fa it
c2: Normal operation: IGBT ON and outputs current.
c3: VDB HiJE N KB BIE UVDBt BA T
c3: VDB level drops to under voltage trip level (UVDBL).
cd: TEWHAGE ST, TGBT KW, 0T (S Bt
c4: No matter what signal input, IGBT is turned off, but there is no fault signal output.
cb: VDB HLEIKE A UVDBr,
c5: VDB level reaches UVDBr.
c6: IEH TAE: IGBT Fddtda i i
¢6: Normal operation: IGBT ON and outputs current.

12
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Control input

Protection circuit state

Temperature of LVIC

Output current Ic

Error output Fo

K9 iR (BURED

Figure 9. Over temperature protection (low side only)
dl: 1E# TAE: TGBT S 4 H difi.
d1: Normal operation: IGBT ON and outputs current.
d2: ARIEFEAMARH (LVIC) iR IR fRy il A A (0Tt)
d2: LVIC temperature exceeds the over temperature protection trigger level(OTt).
d3: TCRAEHE ARSI, FrARim IGBT 3K
d3: All low side IGBTs are turned off in spite of control input condition.
d4: IR R RS RS T, B NIKITIERE Y 40w
d4:Continuously output fault signal-during over temperature, and the minimum pulse width is 40us.
d5:  HIREART IR Ry R AL R, LVIC. R AL,
d5: The LVIC will reset when the temperature.is lower than the over temperature protection level.
d6: 4N M AIEHE T 2Pk, TCBT HH i,

d6: IGBT turns on when the next input signal control signal comes.

5V-Line

IPM
Rer=10kQ

INUs, INvi, N

[

MCU

INuL, N, NG

I = L1
T T

ol

I

Kl 10: MCU %N / HHDERRHE GERF T

Figure 10. MCU input/output connection circuit (recommended)

ERE: SN RC MG B FRIRSE PWM $56105 5% A PCB A7 RREATIERC . TPM S A5 5 A 4&

A 5k Q RRLHLPH, RIMAE AR AN eI RIS S R A R N S ) P

Note: The RC coupling at each input should be adapted to the PWM control scheme and PCB layout. One
5K pull-down resistor is built into the IPM input signal section, so pay attention to the voltage drop at the
input when using an external filter circuit.
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—

Caee Cas l ] o
+ = * I i OUTUH
- uve s
Casc Cas I @) & Rt
15V line + + Y I
) we HVIC
Casc Cas {6) LS
L & = ] WS ouTv
- T n
T (U] we VS
Rin I © &
UH —r INUH
in 9
S il I @ INVH
WH r—-lg I {0 INWH
i Lok I““ OUTWH
TT7 1 VCCH  yys
MCU ? I 12) com
Rin (13)
UL — INUL
Rin I (14) ouTUL
L — INVL
in [ o
WL J_ I INWL Lvic
Cin = = 5Vlne (16)
-
T Camsfesrots e
3 A o outvi
Rer = ==
17
= i g L
%:c“ I 16) e
= ! OUTWL
ot mm F]Rr 09 COM
I 20 Vot
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(27)

(26)

25)]

(24)

(23}

22)]

Shunt R

Cocs Smlde $

Lﬂ ULuS

P L R Ji P
Figure 11.Typical Application Schematic
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334N E B /Package Information
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	                            图 11：典型应用原理图

