LSS15S92F6-A

#3&/Package DIP25-(3824)
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General Description

LSS15S92F6-A is an advanced
intelligent power module that 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. The system reliability is further
enhanced by the integrated under-voltage
lock out and Over-current protection.

LSS15S92F6-A each phase current of
inverter can be monitored separately due to
the divided negativedc terminals.
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Features

® Very low thermal resistance due to using DBC

® 600V 15A 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
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Fig 1. Internal Equivalent Circuit
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Pin Name Descriptions

1 NC T
No connection

5 VB(U) U A L8 3R ) L i
Drive power terminal for high side U phase

3 VBY) | VLR A
Drive power terminal for high side V phase
W AH B BR ) FL Yt i

4 VBW) Drive power terminal for high side W phase

5 INHU) | Y A B S
Control signal input for high side U phase

6 Ny | VAL A
Control signal input for high side V phase
W L B S S A O

’ IN(HW) Control signal input for high side W phase
) L UL

8 VD(H) High side control power supply
4] HLE GND 3

o COM(H) GND terminal of high side control power supply
U A R8P 45 = i\ g

10 IN(LU) Control signal input for low side U phase
VB PSS S\ i

L IN(LV) Control signal input for low side V phase
W RH B 2 1145 5 A\ i

12 IN(LW) Control signal input for low side W phase
Low side control power supply
il A )

14 VFO Fault output

15 CIN JREL B FEL IR AL DU\ i
Capacitor (low-pass Filter) for over-current detection input
TR L GND 3

16 COM(L) GND terminal of low side control power supply

17 voT 1L B L i 14
Temperature analog output

18 NW W A R IGBT R Hi
Emitter for low side W phase

19 NV VAP IGBT RAHH
Emitter for low side V phase

20 NU U Al B IGBT R4 B
Emitter for low side U phase
W A it i

21 w output for W phase

22 Y Vi Y 3
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output for V phase
U AH 6t 3

output for U phase
UEERI=RE PN
DC input of inverter
T

No connection

B K4 X e {E/Absolute Maximum Ratings

(Ty=25°C, %3k % 4 Wl /unless otherwise noted)

23 u

24 P

25 NC

W3 3E A Inverter Part
i) Y R (70 Hed L A4
Symbol Parameter Conditions Ratings Units
Vv FLA L Jite i 75 P-Nu, Nv, Nw 2 1] 450 i
P Supply voltage Applied between P-Nu, Nv, Nw
HIE GRIED it i E P-Nu, Nv, Nw 2 [f]
Ven(surge) Supply voltage (surge) Applied between P-Nu, Nv, Nw 500 v
Vees  [roof-RAtBe I Vae=0V, I6=0.1mA, T,=25°C 600 v
Collector-emitter voltage
B IGBT 22 BRI _ oEs
to Each IGBT collector current To =25°C 19 A
7 IGBT b () [To=25°C, FF4E 1ms ks fE
*lep 30 A
Each IGBT collector current (peak) [T, = 25°C | less than 1ms
A B T A Tc=25°C, f—/)v
Pc o 41 w
Collector dissipation Tc = 25°C, per 1 chip
T fiith 7 1/Note 1 40~+150 °C
’ |Junction temperature (¥ ) }

1 BRI Th RS A B A IR AN 150C(@Te < 100°C). (H2, N 1 i BETh AL 2 4 T
1, PRI RPN Ti(ave) < 125°C(@Tc <100°C).

Note 1 : The maximum junction temperature rating of the power chips integrated within the IPM is 150°C (@ Tc<100°C).
However, to ensure safe operation of the IPM, the average junction temperature should be limited to T, (ave) < 125C (@

Tc£100C).
%R 4y IControl Part
viincs 2 TiE4M BiEd L-Xiv
Symbol Parameter Conditions Ratings Units
B L LR Jt N 7E Vor-COMm), Vow)-COM )2 8]
Vo | Control power Applied between Vog-COM g, Vo -COM 0.3-20 v
supply voltage D(H) (H), VD(L) (8]
BRI | .
PRI IIR e Ve U, VawVVewr W Z i
Vos | High side control Apolied between Vawr-U VeV Ve W -0.3~20 \%
supply voltage pp BUyU,VBv)yV,Vew)-
HEIIFE INGu), INv), INgw) -COM), INQu),
LN o INwv), INewy-COM), 2 [1]
V ’ ’ -0.3~Vp+0.3 \
N Input voltage Applied between IN¢u), INgv), INEHw) °
-COM#y, INw), INwy), INuwv-COMy
e L JitE I EE Veo-COM 2 1] B
Veo | Fault output voltage | Applied between Veo- COMy, 03-Vor03 |V
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Vein

Current sensing
input voltage

Jit e Cin-COMy 2 []
Applied between Cin- COM,

-0.3~Vp+0.3 \Y

LAKESEMI
o i b H AL FEG I Vo AEHE FEIR 9 mA
Fault output current | Sink current at Vro terminal
G RIETOANGENES

AR GiMTotal System

Cine 28 TRFM PUEdE | B
Symbol Parameter Conditions Ratings | Units
HRTIRLIKIRA CGREHR | vo = 136~16.5V, Ty = 125°C, HEK
TFHEJJ) . llﬁi /J\a; 5us
Veneron | Self protection supply Vb = 13.5~16.5V, inverter part T, = 400 v
voltage limit (short circuit -
protection capability) 125°C, non-repetitive, less than 5us
BT AR AR
Te Module case operation -40°C<T,=150°C, Kl 2 (Fig 2.) -40~+125 | °C
temperature
) JH
Toe | CIAIRFIRE 40~+125 | °C
Storage temperature
B0Hz, E5ZET, 201 2040, Bl
: 5 R 2 i)
v 441l 1solation volt : 1500 | V
so | AAkR/solation voltage | g0y i coidal, AC 1 minute, ms
connection pins to heat sink plate
#JFH/Thermal Resistance
i) S8 TArEskM BR/ME | BUE | RKME | BA
Symbol Parameter Conditions Min. Typ. Max. | Units
Rocog | AN [0 IGBT s (R 16 Bid) ] ] 50 | cw
G Inverter IGBT part (per 1/6 module) '
Junction to case | . 2 - -
Reio | thermal Il;gv%jirFEgD uler; ((ff' 112 rfii(j:i%u)le) ) ) 38 | CW
resistance part(p
i S 4% /Electrical Characteristics
(T=25°C, 43k 57 4% B /unless otherwise noted)
WA #E 4 linverter Part
e SHRA TrEskH B/ME | BBUE | BRKME | Bz
Symbol Parameter Conditions Min. Typ. Max. | Units
& %*&-ﬁﬁﬁ& [RATHLIE | Vp=Ves=15V, V=5V,
Vee(san CoIIect_or-em|tter lc=15A. T, =25°C - 1.7 2.2
saturation voltage vV
FRD J__Erﬁﬂ EEE V|N=0V1 |c=15A,
Ve - - 1.8 23
FRD forward voltage T,=25°C
| SRR | Vee=Vees, Vee=0V, 1
CES Collector-Emitter leakage T,=25°C - - 0. mA
current
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oy | IR S 70 | - ns
Turn-on time
toon | VX - | 200 i ns
_— Turn-on across time
Eéﬂrﬁx | AT - | 180 : ns
side Reverse recovery time
WA TR]
W | Turmoff ime i 560 i ns
AT - VPN=400V,
teiorm) T?_%ﬂ‘ﬁ )Lffﬂlﬁlﬂ . Vb=Ves=15V, Ic = 15A, - 75 . ns
ﬁugﬂg I‘ﬂacross ime Vin= 0~BV T, =25°C,
N | Tim-on time RS (F 2) - 840 - ns
oo TR YA | Inductive load (Note 2) ] 260 ] S
(3 Turn-on acrgss time
Low | tr |XEWEHE - | 180 : ns
side Reversg recovery time
forr TR f7) ) 580 i ns
Turn-off time
tc(orr) RIEC T . - 65 - ns
Turn-off across time
W 2: ton Al torr ELIEREHL PSR IR SN AL B HLBR (IC) AR AE IR 18] o toony M toorm PR TE I ER4R FE RO T IR RSN 26, IGBT

RGBS . EAER, 25/ 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.

y | ~Yee -
90% — e
10%7- tc(on) *\ 10% 10% 4‘, «3‘;10%
/T B ©orf)
Vi
to%n toff
P 3F IR E S
Fig 3. Switching Time Definition
¥4 &4 IControl Part
i) S THE&M BUME | ABME | BOKE | B
Symbol Parameter Conditions Min. Typ. Max. | Units
VD(L)=1 5V,
IoL Vo %%15 %(ﬁ |\;\l(|_u’|_\/,|_w)=0 VD(L)-COM(L) - - 1.0 mA
Suur|risnc;ent Vp supply Vor=15V,
IpH IN(HUHVEW)= | VDoHw)»-COMH) - - 600
ov A
Vs H4S LI Ves=15V, v
: = | VU, VewyV, |
lass | Quiescent Vis supply | IN(Hu HvHW)= Ve W 200
current oV BIY)
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Ven=0V, Vro H1#% 10K L4 £
VFron 5V 4.9 --- ---
Al L FL Vo circuit: 10K to 5V pull-up
Fault output voltage | Ven=1V, Vro Hillt 10K L4 H| v
VroL 5V - - 0.8
Vko circuit: 10K to 5V pull-up
B AR i R HL Tc=-40~1007C, Vp=15V
Vemeen | short circuit trip level | (3% 3/ Note3) 0455 | 0480 | 0.505
ol B SF - ()
UVouo Detection level (LS) 90 10.0 .0
o | Bbrsiscitryr | AR (ACHD 100 | 1.0 | 120
Supply circuit Rest level (LS) v
under-voltage I i)
UVeso | protection Detection level (HS) 90 10.0 1.0
SALHSE (i)
UVesr Rest level (HS) 10.0 11.0 12.0
PR AR - L ot B
tro B 40 us
Fault-out pulse width
TR Bt U R LVIC T,=90°C 2.63 277 2.91
Vor Voltage of \Y
tempetature LVIC T,=25°C 0.88 1.13 1.39
SURIERF A
VD(L)=1 5V, o
Tsp Temperature 100 120 140 C
shutdown Detect LVIC temperature
I 25 AR B R U HL FE
Rsson) | BS driver ON - 230 - Q
resistance
V, Sl RE B FEINAE INgu), IN@y), INgw) . . 30
NON | ON threshold voltage | -COM), INwu), INww), ]
INuw)-COM ) [i] v
Vv KM fE Lk OFF Applied between INwu), INtv, | g
IN(OFF) threshold voltage IN(Hw) -COM(H), IN(Luy, INwy), ’
|N(|_W)-COM(|_)
v 3 AN Wl B AR R A LR A T
Note3: Only low side has short circuit protection and over temperature protection.
R E SR % 1/ Temperature analog output
; A
r <
. 755°C]
s

Temperature [°C]

B 4R B U
Fig 4. Voltage of tempetature

110 120
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WU A4 2 fH/Mechanical Characteristics and Ratings
i) TR BU/ME | REME | BRAE | B
Symbol Conditions Min. Typ. Max. Units
P ZAEET: M3 HEE AT 0.62N-m 05 | o062 P
Mounting torque | Mounting screw: - M3 | Recommended 0.62N.m ) ) )
HE
Weight 93 ” g
%ﬁt%mﬁ Z L 5 (See Fig 5) 100 um
Device flatness
| (*)
AAAAAAAAAAAARM
¢ *)
o g
U GO U
5. Vil ENRAE
Fig 5. Flatness Measurement Position
#¥ TE%4/Recommended Operating Conditions
i) S TEZM BUME | BBUE | BOKME | BAL
Symbol Parameter Conditions Min. Typ. Max. | Units
IR JANTE P-Nu, Ny, Nw 2 8]
Ve Supply voltage Applied between P -Ny, Ny, Nw 300 400
b b B@JHE Vo) COMn),Vor-COMy
Vo | Control supply I 135 | 150 | 165
voltage Applied between v
Vor)-COMH),Vory-COM,
%%Téf‘ﬁ” ffﬁﬁjﬂ,ﬂEEﬂ ?gbu& VB(U)'U, VB(V)'V,VB(W)'W Z
V igh si 13.5 15.0 18.5
o8 ?J%glil?/ilf;;;ro' Applied between Vauy-U,
VB(V)-V,VB(W)-W
Ave | BRI
AVes | Control supply -1 - 1 Vius
DB g
variation
il RERERE O TARS
tomap | 1 ERATHMINGS 10 i us
Blanking time for For each input signal ’
preventing arm-short
PWM #INfE5 . . . .
frwm PWM input signal -20°C<Tc<100°C,-40°C<T,y<125°C - 20 kHz
it | BEHE N N Nir COMu 21
Vsen | Voltage for current (BRI L) -4 - 4 v
sensing Applied between Nu, Nv, Nw
-COMy, (Including surge voltage)

V-9426SG1SST
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IPM 1%37ThEemt 5 B /Time charts of IPM Protection Function
T H R4 /0ver Current Protection

EHES A
Input Signal 5 (
)
a4
 —
| a6
IGBT G-EHI/E E—>
IGBT G-E Voltage

over current

SS | E\

IGBTHLI a5

IGBT Current
over current reference
97 FELBE FEL T ARTTT
Voltage of Shunt
Resistance
o o Tro=40us(TYP.
A S a3 FO (TYP)

Fault Output Signal

B 6.ad iRy
Fig 6. Over Current Protection

(BT MR B & AR 2 L LA RC DB A%
Low-side only ,with the external shunt resistance and RC filter)

al

a2

a3

a4

ab

ab

ar’

IGBTIE# TAE, %ith M

Normal operation: IGBT ON and carrying current

65 LIRS A

Over current detection and filter

[ AEREE TP G

Fault output timer operation starts

IGBT I

IGBT turns off

IGBT AL - KR4

IGBT OFF state

WIS SR F T, IIGBTYE T — M PRI B8 4 27T
Vro finishes output, but IGBTs don’t turn on until inputting next ON signal.
L N5 5 HL—HI, IGBTIEH T.1k

Normal operation: IGBT ON and outputs current by next ON signal(L—H).
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THRERP/Under-Voltage Protection of Low-side

b1

b2

b3

b4

b5

b6

b7
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EHIE S A
Input Signal 55

IGBT G-EHL/E be

IGBT G-E Voltage

b7
IGBT "
IGBT Current

b3  Tro=40us(TYP.)

VRS S i
Fault Output Signal

K 7 R AR

Fig 7.Under-Voltage Protection of Low-side
IGBTIEH TAE, fith B
Normal operation: IGBT ON and carrying current
KGRI (UVoLo)
Under voltage detection (UVpbLp)
BRI
Fault output timer operation starts
RIEWE (UVbr)
Under voltage reset (UVopir)
IGBTAb TSR Wrikas
IGBT OFF state
RS S K R L, BIGBTAE T — AN i S 5 I 4 =TT
Vro finishes output, but IGBTs don’t turn on until inputting next ON signal.
M N5 5 HL—HR, IGBTIES T.4E
Normal operation: IGBT ON and outputs current by next ON signal(L—H).

R E#PUnder-Voltage Protection of High-side

B S
Input Signal 55

IGBT G-EHi/ 6

IGBT G-E Voltage

TGN

~-

IGBT Hiifi
IGBT Current

c7

) L
Supply Voltage

c3

(IR h
Fault Output Sianal .
8. MR RS

Fig 8.Under-Voltage Protection of High-side
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o1 IGBTEX TfE, Hithi LAKESEMI

Normal operation: IGBT ON and carrying current
c2 KL (UVesp)
Under voltage detection (UVssp)
c3 IS ORRR R Y, AR e A S A
No fault output signal
c4 XKJEMKE (UVesr)
Under voltage reset (UVssr)
c5 IGBTib T KR
IGBT OFF state
c6 RIECWKE, HIGBTIE T — i PN TN 4 &1
Under voltage reset, but IGBTs don’t turn on until inputting next ON signal.
c7 YEANESHL-HN, IGBTIEW TIE
Normal operation: IGBT ON and outputs current by next ON signal(L—H).

s %Y 7 FH B8 %/ Typical Application Circuit

liNC NC 25
l D1 —clz_ 2AVBap VBU plod
]ET
T i OUTHU—|
veu UA23
T 3L VB(v) vBY
=%
A OUTHV—|
VA 22
l_i_l T 41VB (w) vBw o M
—[—7[‘-]— A oumw—”;?
Wwi21
oo 5L IN (Hy) INHU vew
oo GIIN (HY) INHV
Talo T YIIN(HW> INHW
e o C3== =C(Cde
MCU cz; 9ICOM(H> COMH
10ATN (L) INW ouTLy —”{
= l&IN w Y Ni20
120N (1)
Gate L = e ouTLY —l
Rfo V N 19 ,VR\;\I
[Fault LAV VFo
+15VQ ISIVD(L) VoL =
c1'£ Ly § C% I « o —| i
ﬂ I_ 16ACOM@) coML \ )&
VoT = LG 0L vor CIN
15J\CIN
Hv
C4—l— R1
==

&l 9. 37 8 H e
Fig 9. Typical Application Circuit
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1. WG T = P A R, ABTIERAEREE, AL AT RER, A RCUES IR, AU R NG 5B BT A
0GP s 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 TR E T EHRVIC, HyEh 1 SMCUSNG 7 ELHAHE, WA 75 ST GRS A He 25 45 1 50 HL it

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

Bootstrap negative electrodes should be connected to U, V, W terminals directly and separated from the main output
wires.
A VFORIFHIT AL, AR SLRLEE —AN2010kQ [ EHr B B4z 3+5V/3.3V LY .

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. fRIFEIHERT. CARYIN F]H BUE BORIE1~2uS . S WTIN A] AT BeREAE A1 L AN R T 22 A0 a8 fk . IR, CAILEF A
FE\ UmEAMEIA,

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. T A AL B W] e SEILIPM.

All capacitors should be mounted as close to the terminals of the IPM as possible.
7.0 THIIEME L, fERE A SP&N AR 5 LB T RERIAL, HEFZAEP&N T~ 2 [A]IN£)0.1~0.22uF FRIMLCCARSIE 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. PINCOMifi (9&16A1) EIPMPMN B CLERAE 2, AT —COM T IEHFIGND, 73— 1 v I -

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. I RA% | il i PCBE WO RE BN T Z 4, (5 5 T RES 2 B DY 2 M AL AR I M, HEFE ) B 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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#EE#Bi1¥El/Detailed Package Outline Drawings

¥ /Package: DIP25-(3824)
(EAA7/Unit: mm)

. (1.22)
A |l200.7784020-3556, —
. 16x0.511
0.5 | 2404
A a
38:05 - =
) =
90°~95°
" e |
5 RO T T \ [
3 » G : — 2
4 Dﬁlﬁ?ﬁ?"‘@ 3 ~ ,
Weyey ¢ ! T WU Upp
1.5 (29.0)
1?. L35
=
E - T gan DETAIL A
2l ||14x2.544020=35.56 | (2756 SCALE 41
oL 0.2
Kl 9. HEEEEIER
Fig 9.Detailed Package Outline Drawings
3% /Packing
(OE] pes/EHE BEINE W&/ pes/#
package pcs/tube tube/ inner box inner box/ carton pcs/carton
L& tube 12 6 5 360
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DISCLAIMER
LAKE SEMICONDUCTOR reserves the right to make changes WITHOUT further notice
to any products herein to improve reliability, function, or design.

For documents and material available from this datasheet, LAKE SEMICONDUCTOR
does not warrant or assume any legal liability or responsibility for the accuracy,
completeness of any product or technology disclosed hereunder.

The information given in this document shall in no event be regarded as a guarantee of
conditions or characteristics. With respect to any examples or hints given herein, any
typical values stated herein and/or any information regarding the application of the
device, LAKE SEMICONDUCTOR hereby disclaims any and all warranties and
liabilities of any kind, including without limitation, warranties of non-infringement of
intellectual property rights of any third party.

The products shown herein are not designed for use as critical components in medical,
life-saving, or life-sustaining applications, whose failure to perform can be reasonably
expected to cause the failure of the life support device or system, or to affect its safety
or effectiveness. Customers using or selling LAKE SEMICONDUCTOR products not
expressly indicated for use in such applications do so entirely at their own risk and
agree to fully indemnify LAKE SEMICONDUCTOR for any damages arising or resulting
from such use or sale.

INFORMATION
For further information on technology, delivery terms and conditions and prices, please
contact LAKE SEMICONDUCTOR office or website (www.lakesemi.com)

©2021 Lake Semiconductor Corporation
LSS15S92F6-A Rev.1.06
www.lakesemi.com

V-9426SG1SST






