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General Description

BIP60030G-A is an advanced intelligent power
module that BYD has newly developed and
designed to provide very compact and high
performance as ac motor drivers mainly targeting
low-power inverter-driven applications like air
conditioner and washing machine. It combines
optimized circuit protection and drive matched to
low-loss IGBT. System reliability is further
enhanced by the integrated under-voltage lock-
out and Over-current protection. The high speed
built-in HVIC provides opto-coupler-less single-
supply IGBT gate driving capability that further
reduce the overall size of the inverter system
design. Each phase current of inverter can be
monitored separately due to the divided negative
dc terminals.
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Features

® Very low thermal resistance due to using DBC

® 600V 30A Three-phase IGBT inverter bridge
including control ICs for gate driving and
protection

® Divided negative dc-link terminals for inverter
current sensing applications

® Single-grounded power supply due to built-in
HVIC and bootstrap diode

® Outputting LVIC temperature by analog signal
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Applications

® Three-phase inverter drive for small power
ac motor control

® Home appliances applications like air
conditioner and washing machine
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BIP60030G-A
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Fig 1. Internal Equivalent Circuit
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Fig 2. Pin Configuration(Top View)
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BIP60030G-A
5| B3R /Pin Descriptions
SIS 51 4 £}
Pin Name Descriptions
1 NC OIS :
No connection
) vBU) | UL
Drive power terminal for high side U phase
R T 5o Y
3 VB(V) VAR EERE R
Drive power terminal for high side V phase
W H - 3R )y F U
4 VB(W) Drive power terminal for high side W phase
5 NHU) | U AT A
Control signal input for high side U phase
V AH BB PEHIME S 5 A\ i
6 IN(HV) Control signal input for high side V phase
W AH_E B A5 5 e\ i
! IN(HW) Control signal input for high side W phase
it Eictallech b
8 VD(H) High side control power supply
b ) LI GND i
9 COM(H) GND terminal of high side control power supply
U HH R 115 = i\ 3
10 IN(LU) Control signal input for low side U phase
VAT RIS 5 5 A\ i
1 IN(LV) Control signal input for low side V phase
W AH T B 25 5 H A\ it
12 IN(LW) Control signal input for low side W phase
R o V&
Low side control power supply
B A Y
14 VFO Fault output
15 CIN REL I FEL AU 00 N\
Capacitor (low-pass Filter) for over-current detection input
N F I GND i
16 COM(L) GND terminal of low side control power supply
17 VOT L L 1
Temperature analog output
18 W W AT IGBT A i
Emitter for low side W phase
19 NV VA TR IGBT i
Emitter for low side V phase
20 NU U #I T IGBT & 4 #
Emitter for low side U phase
W AF % H i
21 w output for W phase
VA% H g
22 v output for V phase
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BIP60030G-A
U AH %0t o
23 v output for U phase
04 5 37028 EL M i
DC input of inverter
25 NC ISR
No connection
BN EE/Absolute Maximum Ratings
(T,=25°C,F&3E 7 #ME A /unless otherwise noted)
EAEBRE 4y /Inverter Part
i ZH TR e Bfr
Symbol Parameter Conditions Ratings Units
v CEV/EEENAN JHEAITE P-Nu, Nv, Nw 2 [f] 450 v
PN Supply voltage Applied between P-Ny, Ny, Nw
FLIE RV Jiti INZE P-Nu, Ny, Nw 2 [d]
Ven(surge) Supply voltage (surge) Applied between P-Ny, Ny, Nw 500 v
S HAR- AR 2 T FE I _ _ e
Vces Collector-emitter voltage Vee=0V, Ic=0.1mA,T,=25C 600 Y
UM IGBT 4 il fL i oo
te Each IGBT collector current Tc=25C 30 A
N P IGBT A2 HAR L (W) Tc=25°C, ¥4 1ms (ffikaf o8 50 A
=" |Each IGBT collector current (peak) Tc = 25°C , less than 1ms
b, [ Tc=25°C, 83 W
Collector dissipation Tc = 25°C, per 1 chip
S5 .
T, . (¥F 1/Note 1) -40~+150 °C
Junction temperature

E L BRI E B R R R BAUEEA 150C(@Tc<100°C). (B2, AT AR e R % 4T
fE, PSRN IREI N Ti(ave) < 125°C(@Tc <100°7C).
Note 1 : The maximum junction temperature rating of the power chips integrated within the IPM is 150C (@ Tc< 100°C).
However, to ensure safe operation of the IPM, the average junction temperature should be limited to Ts(ave) < 125C (@

Tc<100°C

).

43 4y/Control Part

s 28 THrE&M e s
Symbol Parameter Conditions Ratings Units
25 81 L 5 . >
FE R LR it IN7E Vy-COM),Voy-COMy 2 [f]
Vo Control power Applied between VpH)-COMnH),Vpr)-COM 0.3-20 v
supply voltage PP D(H) (H), VD(L) (N
e i 2 ) e B R , .
'_J.lﬁﬁh.%JﬁHjﬂ e HAINAE Vew)-U, Vew)-V,Vew)-W 2 |H] N
Vog High side control Anolied between Varr-U VeV Vamn-W -0.3~20 \Y
supply voltage P B VBTV, VBW)
JtIMAE INHu), IN@v), INEw) -COM), IN),
Vi EIPNCENES INw), INaw)-COM(, 2 [F] 0.3-Vp+0.3 Vv
Input voltage Applied between INnu), INHv), INHw) -
COM), INwuy, INwvy, INow)-COMy
Wiy R JitE INTE Veo-COM 2 [H]
-0.3~Vp+0.
Veo Fault output voltage | Applied between Vro- COM 0.3-Vp+0.3 v
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BIP60030G-A
| R 7E51 1 Veo SbHE ) A
Fo Fault output current | Sink current at Vo terminal
Vi \T:ﬂl AI D v NS
Ve ?ﬂﬁ:}iﬁé\.? | ts oncomy 2 03-Vp+03 |V
( 9 Applied between Cin- COM, ' '
input voltage
AR 4i/Total System
i) Z¥ TR BEME | B
Symbol Parameter Conditions Ratings | Units
AR IR CBLBE | vp = 13.5~16.5V, T, = 125°C, JFEH
bR P, T 5 us
Venprom) | Self protection supply Vp = 13.5~16.5V, inverter part T; = 400 v
voltage limit (short circuit - T
protection capability) 125°C, non-repetitive, less than 5us
B TR TARIR
Tc Module case operation -40°C<T;<150°C, K 2 (Fig 2.) -40~+125| °C
temperature
FEARIMORAF TR N 8
Tste Storage temperature 40~+125 C
60Hz, 1E5ZIEIE, ZZi 1 405, Frf
v 444 W1 FE f1solation volt 5|15 DBC i 1500 |V
50 E# tIR/solation voltage 60Hz, sinusoidal, AC 1 minute, fms
connection pins to heat sink plate
#JH/Thermal Resistance
i ¥ TARZ&AM B/ME | BEUME | BOKME | A
Symbol Parameter Conditions Min. Typ. Max. | Units
R . égzlﬁ:'%/fztﬁg @/E%% IGBT I%I:Bﬁj\ ( 1/6 *ﬁﬁ%) _ _ 1 5 oC/W
A9 g Inverter IGBT part (per 1/6 module) '
Junction to NV N "
resistance part (p
S 4% 4% /Electrical Characteristics
(T3=25°C,Fx3E 53 #MA BH/unless otherwise noted)
WAZER I /Inverter Part
Zine) SH U TAHe%M RME | BUE | BOKfE | B
Symbol Parameter Conditions Min. Typ. Max. Units
S AR AIB AT | \/p=Ves=15V, Vin=5V,
VcE(san Collector-emitter 1L=30A. T) =25°C - 1.7 2.2
saturation voltage ¢ ' v
Vin=0V, 1c=30A,
Vi FRD [Efa L Nt e i 1.8 23
FRD forward voltage T,=25°C
BRI | Vee=Vees, Voe=0V,
Ices Collector-Emitter leakage T,225°C - - 0.1 mA
current
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BIP60030G-A
FF I ]
fon Turn-on time 770 ns
T 18 58 S (]
o 'O | Turn-on across time 180 ns
High gr | SRS - 135 - ns
sige Reverse recovery time
torrF RIS 2] - 610 - ns
Turn-off time Ven=400V
tcorr) KRB Vb=Ves=15V, lc = 30A, - 90 - ns
Turn-off across time Vi = 0~5V.T, =25°C.
fon JHDR EYEE GFE 2) - 910 - ns
Turn-on time iud Jt\_i ond (Note 2
oo TR A Y] nductive load (Note 2) ] 200 ] .
o ON | Turn-on across time
Low r | REAREINT - 150 - ns
cide Reverse recovery time
t 2K 7 1) ] 640 ] s
| Turn-off time
W28 SN [A]
(eOFR) | Tym-off across time 90 ns

¥E 2: ton F tore GLHEAEHR Y 3 OR B EE AL LI (IC) OB S ZEIR I 18] o teony B teorm TR 1E RS SE IO T IR IR S 26144 F

ARG WY . EHER, SEE 3,
Note 2 : ton and toff include the propagation delay time of the internal drive IC. tc(on) and tc(off) are the switching time of
IGBT itself under the given gate driving condition internally.See figure 3.

90%

10%7% to(

IGBT

Vin
ton toff
Bl 3 ) E L
Fig 3. Switching Time Definition
B 4r/Control Part
=
s Y THE#H BUME | I | BOCE | A
yl Parameter Conditions Min. Typ. Max. | Units
Voun=15V,
I . IN = | Vpp-COM - - 1.0 mA
DL Vi B L ; V(LU,LV,LW) D) L
Quiescent Vp supply -
current Vo=15V,
loH IN(Hu HvHW)= | VDH)-COM) --- --- 600
ov UA
Vs A HLR VBs=15V, Vawr-U. Ve
loss Quiescent Vgs supply | IN(Hu,Hv,HW)= vV (V) ’W( ) 200
» VBW)~
current ov
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BIP60030G-A
VC|N=0V, Vro EEAE% 10K J:?j%”
VFoH 5V 4.9 - -
[ NS Vo circuit: 10K to 5V pull-up
Fault output voltage Ven=1V, Veo H#% 10K F$i 3] v
VFoL 5V - - 0.8
Vo circuit: 10K to 5V pull-up
FLER DR fir A L Tc=-40~100C, Vp=15V
VeiN(ref) Short circuit trip level (7E 3/ Note3) 0.415 0.46 0.505
R P (A )
UVbLb Detection level (LS) 9.0 100 11.0
UVore | BERLBRCE (R | ELOLRT (MRS 100 | 11.0 | 120
Supply circuit Rest level (LS) Y
under-voltage AN P GRadi)
V . . . 10. 11.
Ueso protection Detection level (HS) 9.0 0.0 0
SO GEp)
UVasr Rest level (HS) 10.0 11.0 12.0
PR BT 5 i S Pk B
tro Ji 3 40 --- --- us
Fault-out pulse width
s R LVIC T,=90°C 2.63 2.77 2.91
Vot Voltage of \%
tempetature LVIC T,=25°C 0.88 1.13 1.39
AR _
Tso | Temperature \I;z(t%:::tlixl C temperature 100 120 140 C
shutdown P
H 25 A BRI HL R
Reson) | BS driver ON --- 230 --- Q
resistance
VineoN T R E LR JtIMAE INHu), INv), INEw) - L i 30
©ON) | ON threshold voltage | COMg), INwu), INwy), IN@w)- '
COMZIH] v
v SR A HL R OFF Applied between INnHu), INHv), 0.8 . i
NOFD | threshold voltage INHw) -COMny, INu), INwy), '
INwuw)-COM(y

& 3 A IR IRA)E A R R R AR PR D RE 5

Note3: Only low side has short circuit protection and over temperature protection.

R EHRHE 1/ Temperature analog output

35
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Fig 4. Voltage of tempetature
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BIP60030G-A
BBk 14 A1 2 {&/Mechanical Characteristics and Ratings
i TAHERA BME | #RE | BRE | B
Symbol Conditions Min. Typ. Max. Units
LA ZRRET: -M3 HEFFER . 0.62N-m
Mounting torque | Mounting screw: - M3 | Recommended 0.62N.m 0.5 0.62 0.8 N-m
HE
Weight 9.3 g
BIFEE | .
Device flamess | 2 »Hl 5 (SeeFig 5) 100 um
™)
-7 g |
-7 |
P 1
-7 1
- :
\\\ \/,”’ ]
I l *+)
:
:
A
Kl 5. “FHEENENE
Fig 5. Flatness Measurement Position
HH T/E%MH/Recommended Operating Conditions
i 2 TARZ&AM B/ME | RUE | BOKME | A
Symbol Parameter Conditions Min. Typ. Max. | Units
CEN/EENES JEHITE P-Nuy, Ny, Nw < [8] i
Ven Supply voltage Applied between P -Ny, Ny, Nw 300 400
Pl R R gﬂgﬁf \Z(_r}%)-COMm»vm)-
Vb Control supply 'L 13.5 15.0 16.5
voltage Applied between Vpy- v
COMw),Vpr)-COM,
N . it IN7E Vew)-U, Vew)-V,Vew)»-W
sl | I Vet Ve VVaw
Voe High side control : 13.5 15.0 18.5
Applied between Vgu)-U, Vew)-
supply voltage ViVan-W
Ay | TR
AV;; Control supply -1 1 Vlius
variation
By 1EAT R B SE X
HTJ‘ [‘E—J N Vs A e
N EHTRIMANGES
toEAD Blanklng time for For each input signal 1.0 us
preventing arm-
short
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BIP60030G-A
f PWM iﬁ[j]\{%% -20C<Tc=1007C,- o . 20 kHz
PYM 1 PWM input signal 40°C<T;2125°C
JitE iNAE Nu, Nv, Nw- COMy 2 [H]
HLURTIN A B LR | (BLAEIRV HLE)
Vsen | Voltage for current Applied between Ny, Nv, Nw - -4 4 Y,
sensing COM(, (Including surge
voltage)

IPM 4547 ThEERT FF B/Time charts of IPM Protection Function
AR /Over Current Protection

EUIERSE TUN : :
Input Signal : : (
— P 55 —
a7
IGBT G-EH /&
IGBT G-E Voltage
al  eeeeeeeeeed §- -------- over current
IGBTHLR : a5
IGBT Current &
over current reference
a5 N | Y | R
Voltage of Shunt
Resistance
. Tro=40us(TYP. '
PR AS S a3 Fo ( )
Fault Output Signal

6.3 it R 9
Fig 6. Over Current Protection
A A5 AN T HEL BT RC SRS
Low-side only ,with the external shunt resistance and RC filter)
al IGBTIEH TAE, #it i
Normal operation: IGBT ON and carrying current
a2 L A A B
Over current detection and filter
a3 kR S TR
Fault output timer operation starts
a4 IGBTXKIHr
IGBT turns off
a5 IGBTab T KHrikA
IGBT OFF state
a6 RS S KA T, (HIGBTIE N —AN & PS5 i 4 20118
Vo finishes output, but IGBTs don’t turn on until inputting next ON signal.
a7 YHINIESHLoHE, IGBTIEH TiE
Normal operation: IGBT ON and outputs current by next ON signal(L—H).
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BIP60030G-A

THRERP /Under-Voltage Protection of Low-side

PEfE SHA
Input Signal

IGBT G-EHi[E
IGBT G-E Voltage

IGBT it
IGBT Current

2] AL HL
Supply Voltage

[ SRR T
Fault Output Signal

bl IGBTIEH T/E, %k

%

b6

b7

b3 Tro=40us(TYP.) >|

K 7. P R AR
Fig 7.Under-Voltage Protection of Low-side

Normal operation: IGBT ON and carrying current

b2 RERYHN (UVbp)

Under voltage detection (UVpip)

b3 Hrha A 5 A KT

Fault output timer operation starts

b4 KIEMKE (UVpr)

Under voltage reset (UVpLr)

b5 IGBTALTRWRRAS
IGBT OFF state

b6 k(S S H RS S, (HIGBTAE F— /N TS 5 B A4 22 il
Vo finishes output, but IGBTs don’t turn on until inputting next ON signal.
b7 H#iAME S HL-HI, IGBTIER TIE
Normal operation: IGBT ON and outputs current by next ON signal(L—H).

EHRIEHI/Under-Voltage Protection of High-side

EHIE ST
Input Signal

IGBT G-EHi/E
IGBT G-E Voltage

IGBT Hiifi
IGBT Current

et ERTEE N
Supply Voltage

WA 5 i
Fault Output Sianal

s —; R

c3

8. LM R IE RS
Fig 8.Under-Voltage Protection of High-side
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BIP60030G-A
cl IGBTIEH TAE, fith i
Normal operation: IGBT ON and carrying current
c2 RIELRFFHEIM (UVesp)
Under voltage detection (UVgsp)
c3 MR G T ORFFEHT, B R R HE S S
No fault output signal
cd REWE (UVesr)
Under voltage reset (UVgsr)
c5 IGBTab T KErRE
IGBT OFF state
c6 RILCWKE, HIGBTLE T —/>m i i A5 i 4 2 JTdE
Under voltage reset, but IGBTs don’t turn on until inputting next ON signal.
c7 NS S HL-HE, IGBTIEH T1f
Normal operation: IGBT ON and outputs current by next ON signal(L—H).
B A B BB /Typical Application Circuit
liﬂc Nci25
i D1 _CIZ_ Z\VB(U) VBU P\ o4
l OUTHU_|$ )
- ul23
3LVB(v) vBv
.;.ii ] i
OUTW—'& V 22
41VB () VBW vs¥) q M
| TIT
OUTHW —|§
, Wl 21
Cato 5L IN (y) U vsw C
Cato 6§IN (HV) INHY
TAIN (i) INHW
Gate e o | C3=F ==Cdc
MCU 2T 95C0Man comH
10AIN L) INLU ouTLu —|$
Gato T 1&11\1 (WD) LY Nih20
[(oic 10 120N () W a
ate LW +5vé J ouTLY —| R
Rfo \\V A ”SA
Fault f 14,Vro VFO —
+15VE 13}% W oL =
R G ouTLW —| -
O “_-E TiedcoMa comt 18
ToT = 17AvoT wr o
15] Ci
]
MV
M+ R1
=

9. B )S] F HL
Fig 9. Typical Application Circuit
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BIP60030G-A

L RSANGE T =B TER, AP R AERSIE, MAMENIR TR, S FHRCIE BRI, AU RN 8BTS
ST B i IR Y

Input drive is High-Active type, to prevent malfunction, the wiring of each input should be as short as possible. When
using RC Filter circuit, make sure the input signal level meet the turn-on and turn-off threshold voltage.
2. HTHRNE T L HHVIC, HsHlm 7 SMCUSGF BHEME, Wi T TATA R EUE 23 5 0 2 ik

As the module has a dedicated HVIC, direct coupling to MCU without any opto-coupler or transformer isolation is
possible.
3. 2 LR SO ELEIE R BIUL V. WS

Bootstrap negative electrodes should be connected to U, V, W terminals directly and separated from the main output
wires.
A VFORIRIRIT B AL, HAZ S LM —210kQ 1) b e b F+6V/3.3VHIJE.

VFO output is open drain type. It should be pulled up to the positive side of a 5V/3.3V power supply by a resistor of about
10KQ.
5. RIFEIERL. CAIN ) H BUE BORIEL~2uS . JCHTIN 8] o] BRREE 10 & AN R 2 DG A4 . @IUR1, CAILFR/INE
FEL i EAMERTY,

The time constant R1. C4 of the protection circuit should be selected in the range of 1.0-2us. SC interrupting time
might vary with the wiring pattern. Tight tolerance, temp-compensated type is recommended for R1,C5.
6. FrA LA 1AL B AT BRI SEITIPM.

All capacitors should be mounted as close to the terminals of the IPM as possible.
7.8 THIIEME I, fEREFRA S P&N A 5 BT FT REMIAT, P FEP&N T~ [A]N£)0.1~0.22uF I MLCCARHE I
HLAY o

To prevent surge destruction, the wiring between the smoothing capacitor and the P&N terminals should be as short
as possible. Generally, a 0.1-0.22uF snubber between the P&N terminals is recommended
8. Mi/NCOMty (9&16JH) TEIPMA B CIERAE i, ML —COMI TIEFLFIGND, Ji—iin ¥~ RV IT .

Two COM terminals (9 & 16 pin) are connected inside IPM, please connect either one to the power supply GND
outside and leave another one open.
9. G R = HIHE IS PCBE LRI TR, 12515 5 I RE 2RI D) F R, HER M B R R

If control GND is connected to power GND by broad pattern, it may cause malfunction by power GND fluctuation. It is
recommended to connect control GND and power GND at only one point.
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i EE £ K /Detailed Package Outline Drawings

$%4/Package: BIP25-3824
(A7 /Unit: mm)

BIP60030G-A

o(1) 3820
@) 110,05 @ 0.8t g
@ 0.5+008 (E)3.556+0.05 = @ 35101
(@ 1.7780.05 @ 12204 '§_ _ [ 1.5200s
m _mﬁ I i I | |'|r_‘f @; k __é
] g3 zr g =)
= -ﬁ @15 @13, X 1 ,,j_ ®
- 2022 @ 3 @ Q15 g oL (g
r=4 H . i
% (S —E i /.9®8 —I_ o :*E EI_ — _B 2 @_
q  [oss ¥ o= !
: 3 w @ o
ol @ o @ &
w g SE— G| |8 FIEF e
@2.542008 € 10164005

€35.084005 £D7+0.05
E50.6x00s

9. HAREIER
Fig 9.Detailed Package Outline Drawings

9,235 /Packing

(T pcs/kHE RAEIN & W &5 pcs/4t
package pcs/tube tube/ inner box inner box/ carton pcs/carton
Kl ftube 12 6 5 360
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BIP60030G-A

72 i R &1I/RESTRICTIONS ON PRODUCT USE

B ORERIARRE IS, TRE A RE TG B L A SR RS L

B SERRTE FE TR SRR, (EE A A o T REAL AR R A b R R
TAE, 9Bk R bR e ss R AR ™ A NS S, KRS, et iiE S, B HEIIRI
thy KRR EIEX HTE S B ISR AR BT S L Bt

RS AL ST TS AR A MRS, TAHLEE . MR
SEEA AR T, AT TXER . TR ESR W g T, AN T 2GR ST
BegH, AF A OIS EART E iRl MUEoRBE . BB S Hfh b g, X
fitn AN T 24 A PR ph 5 FH 8 7R E AT A E 1) XU

B The information contained herein is subject to change without notice.

B BYD Semiconductor Co., Ltd. exerts the greatest possible effort to ensure high quality and
reliability. Nevertheless, semiconductor devices in general can malfunction or fail due to their
inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing BYD products, to comply with the standards of safety in making a safe design for the
entire system, including redundancy, fire-prevention measures, and malfunction prevention, to
prevent any accidents, fires, or community damage that may ensue. In developing your designs,
please ensure that BYD products are used within specified operating ranges as set forth in the
most recent BYD products specifications.

B The BYD products listed in this document are intended for usage in general electronics
applications (computer, personal equipment, office equipment, measuring equipment, industrial
robotics, domestic appliances, etc.). These BYD products are neither intended nor warranted for
usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or
failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended
Usage include atomic energy control instruments, airplane or spaceship instruments, transportation
instruments, traffic signal instruments, combustion control instruments, medical instruments, all
types of safety devices, etc.. Unintended Usage of BYD products listed in this document shall be
made at the customer’s own risk.
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