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General Description

BIP60020G-B 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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BIP60020G-B

Features

® Very low thermal resistance due to using DBC

® 600V 20A 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

® OQutputting 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

® NSLH=ARELV G, AR ST AR AR L ¥ /Package
o NE & EEMBEHVIC)H E % K, "X
Fi] 2 o YR ) BIP25-3824
® [ E IR AR
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BIP60020G-B

N #5530 B % /Internal Equivalent Circuit

1oNC NCL25
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Fig 1. Internal Equivalent Circuit
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Bl 2.5 A 5 B (top view)
Fig 2. Pin Configuration(Top View)
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Semiconductor BIP60020G-B

5| B $43iR/Pin Descriptions

35S Gl B i3
Pin Name Descriptions
1 NC O A
No connection
5 VB(U) U AH_E 8 3R H Y o
Drive power terminal for high side U phase
3 VB(V) V AH _E A IR FL YA
Drive power terminal for high side V phase
Wl B P g
4 VBW) Drive power terminal for high side W phase
5 NHU) | YA R S
Control signal input for high side U phase
6 Ny | YRR S A
Control signal input for high side V phase
W AH b B 2 A = i\ i
7 IN(HW) Control signal input for high side W phase
R
8 VD(H) High side control power supply
BRI GND
9 COM(H) GND terminal of high side control power supply
U AR BRI S0 A
10 IN(LU) Control signal input for low side U phase
" NGy | VTR S A
Control signal input for low side V phase
W AH B 5 A - i\ i
12 IN(LW) Control signal input for low side W phase
Low side control power supply
g PR 1 g
14 VFO Fault output
15 CIN Lt B TN 0 N i
Capacitor (low-pass Filter) for over-current detection input
N HJE GND i
16 COM(L) GND terminal of low side control power supply
i VoT 5L P T
Temperature analog output
18 W W T B IGBT &5 M
Emitter for low side W phase
19 Y VIR IGBT A i
Emitter for low side V phase
20 NU U A R IGBT & 5t
Emitter for low side U phase
W A%yt S
21 w output for W phase
VA i S
22 v output for V phase
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23 u

U AH %t
output for U phase

BIP60020G-B

24 P

U E R IERIE TP
DC input of inverter

25

NC

ToiE#
No connection

B K451 E {E/Absolute Maximum Ratings

(T,=25°C, %k 7 #ME B /unless otherwise noted)

W3R 28 sr/Inverter Part
N 2 THE%M BeE LA
Symbol Parameter Conditions Ratings Units
Ve FEL YA F JHEIITE P-Nu, Ny, Nw 2 [d] 450 v
Supply voltage Applied between P-Ny, Ny, Nw
IR R JHEIITE P-Nu, Ny, Nw 2 [d]
Ven(surge) Supply voltage (surge) Applied between P-Ny, Nv, Nw 500 v
Voes [ BR-SURLZ [FIEIE Vee=0V, 1c=0.1mA,T,=25°C 600 %
Collector-emitter voltage
A IGBT £ Ftl L it oo
*le |Each IGBT collector current Tc=25C 20 A
.l HL IGBT 4R FIR (IEfE) Tc=25°C, #FE: 1ms [k oe B 40 A
=" |Each IGBT collector current (peak) Tc = 25°C , less than 1ms
To=25°C, 4/t
P [RBRE © 69 w
Collector dissipation Tc = 25°C, per 1 chip
451 o
Ty . (7 1/Note 1) -40~+150 °C
Junction temperature

1 BRED R B E R RS A RS RAUE A 150°C(@Te<100°C). {HA2&, A TR REh R 24T
1, ~FRIE5ERRE] N Tiave) < 125°C(@Tce <1007C).
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 T, (ave) < 125C (@

Tc <1007C).

%4 %5 4 IControl Part

iinc 2¥ T4 BiE (E LKA
Symbol Parameter Conditions Ratings Units
3"3 I :/\ D, 2 S
P R R JitE NAE VoH»-COMn),Vor)-COM ) Z 7] -
Vo Control power Applied between VpnH)-COMH),Vpr)-COM() -0.3~20 v
supply voltage ’
e ity 42 1)l B . .
alﬁﬁ.?ﬁjﬁﬂﬂ{ 't JIN7E Vewy-U, Vew)-V,Vew)»-W Z ] -
Vs High side control Aoplied between Ve U VeV Ve W -0.3~20 \Y,
supply voltage PP B, VBIVYTY, VBIW)
JEIILE INHU), INHY), INHW) -COM gy, IN(LL),
LPANGENES INwvy, IN@w)»-COM ), [H]
\Y ’ ’ -0.3~Vp+0.3 \Y
N Input voltage Applied between INnHu), IN#HY), INEHW) °
-COMm), INwu), INwy), INawyr-COMq
A A S FE HEIN7E VEo-COM ) [H] _
Vo Fault output voltage | Applied between Vro- COMq 0.3~Vp+0.3 v
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BIP60020G-B

o i B H R 751 A Vro A0V FEIR 5 mA
Fault output current | Sink current at Vro terminal
V) \T‘T" /‘I\ N iy N
EEJFL&UJEHJ)\.EEE N 7E Cin-COM )2 [H] 5
Ven | Current sensing . -0.3~Vp+0.3 \Y
. Applied between Cin- COM)
input voltage
¥/ % 4%i/Total System
Ziinc] Z2¥ T Boels | B
Symbol Parameter Conditions Ratings | Units
QL%TF HLR LR PR A CREER R | v = 13.5~16.5V, Ty = 125°C, JEEHE
v re | P, T 5 us wo | v
PN(PROT) ell protection supply Vp = 13.5~16.5V, inverter part T, =
voltage limit (short circuit . N
protection capability) 125°C, non-repetitive, less than 5us
B SE AR AR IR
Tc Module case operation -40°C<T,;<150°C, K 2 (Fig 2.) -40~+125 | °C
temperature
" yE
Tera A MRAE iR L -40~+125 | °C
Storage temperature
60Hz, IE52IIE, AU 1 708, B ol
. K15 DBC 2 ]
v 412 ¥ I /1solation volt ! 1500 |V
so | HZ/k/Isolation voltage | g0 G sidal, AC 1 minute, fms
connection pins to heat sink plate
#JFH/Thermal Resistance
N 2 THE%M R/ME | 0BUME | BKME | BAL
Symbol Parameter Conditions Min. Typ. Max. Units
Rorog | F-GERAEAEE 1GBT #7 (B 1/6 IO ] ] 18 | ow
SR Y Inverter IGBT part (per 1/6 module) '
Junction to case | .. " L "
, WAL FRD 5y (5 1/6 B0 5
Ring-oye the_rmal Inverter FRD part (per 1/6 module) 2:3 CW
resistance
B S 4%14:/Electrical Characteristics
(Tu=25°C, %k 7 #ME M /unless otherwise noted)
AR 28 sr/Inverter Part
iinc ¥ THE&M R/ME | RBME | BRKE | B
Symbol Parameter Conditions Min. Typ. Max. Units
ARSI | \Vp=Vgs=15V, ViN=5V,
VcE(saT) CoIIectpr-emitter Ic=20A, T, =25°C - 1.7 2.2
saturation voltage vV
FRD IF i HLJE Vin=0V, 1c=20A,
VE oo - 1.8 23
FRD forward voltage T,=25°C
| SRR | Voe=Vees, Vee=0V, o N
CES Collector-Emitter leakage T,=25°C - - . m
current
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ton | AN ; 700
Turn-on time

- ns

T A SR [a]
tcion) . - 160
Turn-on across time

- ns

i -on acre
T ; 120
side Reverse recovery time

- ns

torr - . ns

Turn-off time Ven=400V,

tc(orF) RIS Vp=Ves=15V, lc = 20A, - 100 - ns

Turn-off across time Vin= 0~5V.T, =25°C,

FF i e ] g N
foN | Turn-on time PR (T3 2) 850 ns

R D Inductive load (Note 2)
tcion) JFIBAL X 1H) - 250 - ns

Turn-on across time

fiCsi S A P ]
Low trr . - 145
side Reverse recovery time

- ns

> Wi kst ] 650

Turn-off time

torr - ns

NS 23T ] 80
(OFF) Turn-off across time

- ns

VE 2: ton F tore L FEIR L Y AE IR SH A2 B HL I (IC) ARSI IEIR I 8] o toony ! toorm 3B 7E PN 3045 E BT I K sh 244, IGBT
AGHYIIN . FEAEE, %K 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.

\ \\\ // \\ | S \\\\/\CE
. \\, \\z'// le} S _
90 /; /,/ \\\ ’—\/7(%\90%
/i [\
// \\\ J’/ \\\
/ \ / \
/ \ [ \
10%7" tc(on) | 10% 10% | \ 10%
) ﬁﬁ\\\»\ ) ety
Vi
to% toff
&l 3. e Ta) & X
Fig 3. Switching Time Definition
4 ¥B 4y /Control Part
5 Z2¥ T B/ME | RBME | &K | B
Symbol Parameter Conditions Min. Typ. Max. Units
VD(L)=1 5V,
IpL Vi 85 F7 {L\I(LU,L\/,LW)—O Vpr)-COM, --- --- 1.0 mA
CQurlrtte:;]c;ent Vb supply Vory=15V,
loH Y IN(HUHVHW)= | VDH)-COMH) --- --- 600
ov UA
Vs A LI Ves=15V, Vel VeV
. - | VewrU, VeV,
laBs Quiescent Vis supply | IN(HuHvHW) Ve W 200
B(W)-
current ov
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Semiconductor BIP60020G-B

Vein=0V, Vro Hi#% 10K L$i
VFoH 5V 4.9 - -
A A L PR Vo circuit: 10K to 5V pull-up
Fault output voltage Ven=1V, Vro % 10K EH7 3| Vv
VFroL 5V --- - 0.8
Vo circuit: 10K to 5V pull-up
T ER DR i K FL Tc=-40~100°C, Vp=15V
VeiN(ref) Short circuit trip level (7 3/ Note3) 0.415 0.46 0.505
far il H P (A3 D
UVbLp Detection level (LS) 9.0 10.0 1.0
UVpr | PEHEFESRE (RS AL (Rl 100 | 110 | 120
Supply circuit Rest level (LS) v
under-voltage Fer il 87 (et )
UVeso protection Detection level (HS) 9.0 100 1.0
SALHT CRpdig)
UVesr Rest level (HS) 10.0 11.0 12.0
MR A = i e Pk v 5
tro B 40 - - us
Fault-out pulse width
T S i L R LVIC T,=90°C 263 | 277 | 291
Vor Voltage of V
tempetature LVIC Ty=25°C 0.88 1.13 1.39
JURTAVS/A _
Tso | Temperature Vo =15V, 100 120 140 C
Detect LVIC temperature
shutdown
H 2% R PR B
Resoon) | BS driver ON - 25 - Q
resistance
Vinon T8 B JEIALE INHU), INGHY), INEw) . . 3.0
©ON) | ON threshold voltage | -COM), INu), INw), '
INLw)-COM )2 [H] v
Vv Kl A L& OFF Applied between IN(Hu), IN#v), 0.8 . .
NOFF) | threshold voltage INHw) -COMn), INu), INwv), '
INwwv-COM(
VE 3 1A T WIRE) B A R ORI IR O3 D e
Note3: Only low side has short circuit protection and over temperature protection.
5% Y/ Temperature analog output
. ~+5°C
z L -
1.5 /
W
Temparsiure ¥] Pl 4 B i U

Fig 4. Voltage of tempetature
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BIP60020G-B

MU 4R 4 F 4% %€ {6 /Mechanical Characteristics and

Ratings
5 TAE&MF BME | ABME | BRRE | B
Symbol Conditions Min. Typ. Max. Units
2 I LRI, M3 M ERT: 0.62N'm _
Mounting torque | Mounting screw: - M3 | Recommended 0.62N.m 0.5 0.62 0.8 N'm
HiE
Weight 9.3 9
%%ﬁ?ﬁf}f Z LK 5 (See Fig 5) - - 100 um
Device flatness
*+)
-7 |
P 1
P 1
-7 |
Pad |
- |
\\\\//’/ ]
: *+)
’ \\\\ |
A
Kl 5. PHIENEN &
Fig 5. Flatness Measurement Position
## T /E%1/IRecommended Operating Conditions
5 S8 TAE&MF RME | BEME | BORME | B
Symbol Parameter Conditions Min. Typ. Max. | Units
LY L i In7E P-Nu, Nv, Nw 2 [d]
Ven Supply voltage Applied between P -Ny, Ny, Nw T 300 400
. , ] £ VpH)-COMH),Vpr)-COM
s b1 oy Y o U f?ﬁjﬂf p(H)-COM#),Vpr)-COM,)
Vb Control supply . 13.5 15.0 16.5
voltage Applied between vV
Vor)-COM),Vor)-COM,
e g s ] 't Veuy-U, Vew)-V,Vewyr-W 2
gy | T Veort, VaurV Voo W
V i i 13.5 15.0 18.5
be sHJ%I’;;I(\ﬂ/(G)IfaO;etrol Applied between Vpuy-U,
Vew)-V,Vew)-W
25 ] FELYA FEL R U BT
AVo, | Control suppl 1 1 Y/
AVps or_1tr_o supply - - us
variation
By 1E M ELE R K X
ooy | T RS YN o | |
Blanking time for For each input signal '
preventing arm-short
Datasheet Rev A/0 Page 8 of 14
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PWM i N5 5

-20°C<Tc<100°C -40°C<T,<125" — —
PWM input signal 20°C<Tc=100°C,-40C<Ty=125C 20 kHz

frwm

i IN7E Nu, Nv, Nw- COM )2 [d]
(ELHE TR 1) 4
Applied between Nu, Nv, Nw

-COM, (Including surge voltage)

R YA RS N 7 A Y F
Vsen Voltage for current
sensing

IPM {237 3h &R % B /Time charts of IPM Protection Function
T 547 /0ver Current Protection

P S A P
Input Signal : (
— JR R S— S
a4 E a7
IGBT G-EH/E :
IGBT G-E Voltage

o
N

TR
S

ceedeea\-

........ over current
.
H

IGBTHV
IGBT Current

ab

over current reference

..................................................................................

o H PR R R
Voltage of Shunt
Resistance

S B a3 Teo=40us(TYP.)
Fault Output Signal

6. iR R
Fig 6. Over Current Protection
SN, B AR 7 I B BEL AT RC D 2%
Low-side only ,with the external shunt resistance and RC filter)
al IGBTIE® LAE, #itiHER
Normal operation: IGBT ON and carrying current
a2 g IR R I A B
Over current detection and filter
a3 hfE(E T TR
Fault output timer operation starts
a4 IGBT=xMHr
IGBT turns off
a5 IGBTAT RIrikE
IGBT OFF state
a6 WE(E S KE mHET, HIGBTE F— M E - TFRIANG SR A 2718
Vro finishes output, but IGBTs don’t turn on until inputting next ON signal.
a7 LGS HL-HIK, IGBTIEH T.1¢
Normal operation: IGBT ON and outputs current by next ON signal(L—H).
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BIP60020G-B

TR E#/Under-Voltage Protection of Low-side

EHIESHA
Input Signal 55

IGBT G-EH/E b6

IGBT G-E Voltage

IGBT Hii
IGBT Current

b7

FEH IR R
Supply Voltage

RS S
Fault Output Signal

b3 Tro=40us(TYP.) >|

K 7. P B RS
Fig 7.Under-Voltage Protection of Low-side

b1 IGBTIE® T4, f#ith
Normal operation: IGBT ON and carrying current
b2 RIELRY I (UVblp)
Under voltage detection (UVprp)
b3 kRS 5 K T
Fault output timer operation starts
b4 KEE (UVpr)
Under voltage reset (UVpr)
b5 IGBTALT RErikA
IGBT OFF state
b6 k(S5 KR R Y, (HIGBTAE F — AN PS5 B A 271
Vo finishes output, but IGBTs don’t turn on until inputting next ON signal.
b7 ¥ AN{E 5 HL-HI, IGBTIE® LI
Normal operation: IGBT ON and outputs current by next ON signal(L—H).

R E{#$7/Under-Voltage Protection of High-side

IR N
Input Signal ‘ ”

IGBT G-Efi [+
IGBT G-E Voltage

IGBT Hiifi

IGBT Current

4 1) LR P
Supply Voltage

c3

WS S A
Fault Outout Sianal

Kl 8. EAFR LIRS
Fig 8.Under-Voltage Protection of High-side

Datasheet Rev A/0
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BIP60020G-B

c1

c2

c3

c4

c5

c6

c7

IGBTIEH TAE, Hith fif

Normal operation: IGBT ON and carrying current
RIEDRAF RN (UVesp)

Under voltage detection (UVesp)

WS 5 IR AR P, R R TG A 5 4
No fault output signal

RIEE (UVesr)

Under voltage reset (UVasr)

IGBT &b T Kk

IGBT OFF state

RIECWE, HIGBTAE T~ —/> H PR A5 5 I 4 20Tl

Under voltage reset, but IGBTs don’t turn on until inputting next ON signal.

M ONE 5 HL-HE, IGBTIE® TAE

Normal operation: IGBT ON and outputs current by next ON signal(L—H).

7 7 F B #& /Typical Application Circuit

liNC
c1 b1 c2 21VBW)

C i%
pl24

I_l_l _L i VBU
UA23
3L VBw) . vev e
,_L_,i L
OUTHV —|@
Vi 22
¥ _I_ 4(;VB (W) VBW o
wl21
Gate oG IN G INHU vew
Cate GIIN(HV) INHY
Cato 7IIN<Hw) INHW 1
8IVD(H) VDH G SR Cde
-
MCU 7T 9LCOM ) -
e T I?IIN(LU) INLU ouTLu —|§
Tate L 1 IIN(LV) LY N h20
120 TN (1w
Gate L o INLW ouTLY —”{ R
o S
Rf 14l Vo N\/Ulg W\r
Fault 570 IBIVD VFO
L £
c1“—L' 01? c2l Vo ouTLW —i =
I COM _—l]: TIGICOM(L) COML W)&
VOT — L7 V0T vor CIN
15lC1N
[
M\
C4+ R1
=
9. BT R ] Hi g
Fig 9. Typical Application Circuit
Datasheet Rev A/0 Page 11 of 14
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1. WG 5= P A R, AR IERAEREE, AL RUR AT Rk, A RCUEBFEERIN, AW RI NS SEEIT A
RS 7 B 1 P Y B

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. h TRRNE T EHRVIC, Hysiih 1 i SMCUNG 7 BLEAHE, WA 5 ST GRS A He 25 465 1 25 HL i

As the module has a dedicated HVIC, direct coupling to MCU without any opto-coupler or transformer isolation is
possible.
3. H 2L U E R EIUL V. W

Bootstrap negative electrodes should be connected to U, V, W terminals directly and separated from the main output
wires.
4 VFORIRMIT AL, HAS 5L 0@ —M10kQ 1) Eh i fH b4 B +5V/3.3VHE.

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. fRIFEIERT. CAININ 8] H B BORIE1~2uS . SCHTIN 6] A BRfE & 10 AN R 1 2 DG 284k . IR, CAILFR/IAE
72\ RPEAMEIRA,

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. A A AL BUR T R ST IPM.

All capacitors should be mounted as close to the terminals of the IPM as possible.
7.8 THIEME B THE, fEREFE A SPANIAIN SI L NS AT e A, HEFEAEP&N 12 (8] in£)0.1~0.22uF FRIMLCCAR SR
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. IANCOMif (9&16J) EIPMA S AL i, AMEE—COM TEREFIGND, Ji— i 7~ LT % .

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. IRz hI B PCBE LBOERL B DM, FEH(E 5 W Re 2 B Dh AR A RE R, HERR A0 5 A 0E .

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.

Datasheet Rev A/0 Page 12 of 14
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BIP60020G-B

1 3&4 Bi ¥ El/Detailed Package Outline Drawings

$4/Package: BIP25-3824

CEA7/Unit: mm)

oD 38+01

_ @1+00s
0.5+
(B, 778001 55¢€

< @7 4201

. b
- P,
[=]
g 3
o~ )
i b
e k. —f*\ z
h
] |
e
va

{47 7+0.05 j tj tj
a T P -
’\ . e E0.05 .

o a0
.'._ > b
(n o—Tr—3
o)

f.35/Packing

9. BIRARFIE

& \ ) =
;
_, :]_ii_j_'if' » E ,:'\::,
=] e
= T 1
9 ¢ Y HEBH Y
of85. 5101

Fig 9.Detailed Package Outline Drawings

£, pcs/kHE BHE N & AL pcs/44
package pcs/tube tube/ inner box inner box/ carton pcs/carton
BHE tube 12 6 5 360
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Pz 5 A Zi4n/RESTRICTIONS ON PRODUCT USE

AGEREA R BE ™ wh EEE, ATRER A ARG 220, Pl - A e B SR

REARN T — HE TR E 2R E A 5E M, (E2 2 S i AT BE 4 S At 2 R A Wb el gl R T
1E, AP IER SRR e s R TR =N S H, KRR, H2ERES, BRoEEINRRIH. K
PEFJEX BT BB R E R L vt

ASCF A B3l AT RS TR DB et EBE . DAL E . KA A%
WA, AT TR TR EEOR S s, AN AT 2IE A ST i
H, AATHBEORREAR TR s 8. Plshiocms . BrRs 5 M2 seg, =it
A A A P Ao 5 R PH AT RE A AE A LR

The information contained herein is subject to change without notice.

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.

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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