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Intelligent Power Module

SPE02MS50T-C

FES ¥ MAIN CHARACTERISTICS

4 Package

500V/2A 3 AH&HFIREY
Vbss 500V
Ip 1.2A
Iom 2A
Viso 1500V
R APPL | CAT IONS
® X5 ® Electric fan
—— .
® HzT A ® Electrical tools SOP23-FP
5wl “ A o cou
=R FEATURES P ancy E:? o
e 3 e N . . . D (3) VEC(W)
® G55 EH A ® Signal high level valid, U (8)C T (4) IN(Ur)
7% 3.3V A 5V compatible with 3.3v and NU (190 S @
{3 MCU 5V MCU s 1 i
® [ MOSFET J5%%2 @ Lower arm MOSFET source % (?1}:.:. :'{;[ Efi)'m’;’;
fi electrode output 16|~ Fz; \;BM
o NEHZETWE ® Built—in bootstrap diode NW @2y cdl| 2 S E:j: r,\,c[ii':)
® N &L E R ® Built-in straight through W (23 =+ :ﬂ E:: Vol
protection S
PIN1-PIN23
® NERIEMRY ® Built-in undervoltage protection
® AR Rl A ® Internal integrated temperature
kg H detection output
® L4t E 1500V ® Resistant to high voltage 1500V
1T #%{= 5 ORDER MESSAGE
7 & 15 B Product information
iT &K B - ‘ ‘
Ordor mumber FaHE F -G CTR %
Halogen-Free-Tube Halogen-Free-Reel Marking Package
2A01-0529-16 SPE02M50T-C N/A SPE02M50T-C SOP23-FP
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SPE02M50T-C
B AinE B Module distribution diagram
COM (1)
VB(U) (2 J —0p (17
VCC(U) (3 &
(U) VCe VB L
IN(UH) (4> HIN HO
Oy (18)
IN(UL) (55X LIN VS
]
COM Lc:-—|_[
NC (6X0
—J NU (19)
VB(V) (7X2
J e —C NV (200
VCC(V) (81 VCC VB i
IN(VH) (9 HIN HO
Qv (21)
IN(VL) (1000 LIN Vs
|_
COM LO -
N —
VTS (1100 VTS
VB(W) (121>
J — —ONW (22)
VCC(W) HEI —vce VB ™
IN(WH) (143 HIN HO
Qw (23)
IN(WL) (15X LIN VS

NC (160

COM

LO

1=}

RRA: 202206A

B 1. ERASEESER

Fig 1: Internal circuit
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SPE02M50T-C
COM (1) =1 b (1) COM
vBo @ o |C [0 Ol ane Pa7) O OB @ VB
VCCw (3) =7 b (3) VCCwy
INlum(4) 2] O -5 (IS)U U(IS) . O T (4)INfUHP
m[ULu(S) i: [ (5) IN[UL;
NC (6) =7 & (19)NU NU (19) o b (6) NC
VBw(7) o O —a (200 NV NV (20) <d|| O O b (7) VBw
VCCw (8) =1 b (8) VCCw
INww (9) =] B 21V V2D " h (9) INvm
INwy (10) =1 O b (10) INov,
VTS (11) =1 . . —h (11) VIS
VBw (12) ] e D (12) VB,
VCCw (13) &7 iz 3 (13) VCCon
INow (14) &3 @RV Nwe o g b (14) INows
INww, (15) &7 O O O P b (]5) INw
NC (16) & B (23) W W (23) 1 (16) NC
JEE T
B 2: BERFIHSmREE
Fig 2: Distribution of pin
SIHYwS | IR 5| R AR
Number Name Description
1 COM F % B GND %57 IC Common Supply Ground
2 VB(U) U A#H LB IRzh ARG T Bias Voltage for U-Phase High-Side MOSFET Driving
3 VCC(U) U #=H kT Bias Voltage for U-Phase IC and Low-Side MOSFET Driving
4 IN(UH) U fHEEEsE S5 AT Signal Input for U-Phase High-Side
5 IN(UL) U MHFEESE S AT Signal Input for U-Phase Low-Side
6 NC JCi%EHE No Connection
7 VB (V) V AH Iz H B T Bias Voltage for V-Phase High Side MOSFET Driving
8 VCC(V) |V #=i#|HiFyF Bias Voltage for V-Phase IC and Low Side MOSFET Driving
9 IN(VH) [V fHEEEHE S AT Signal Input for V-Phase High—-Side
10 IN(VL) [V #HFEEHES% AT Signal Input for V-Phase Low-Side
11 VTS HVIC JEJE %4 Output for HVIC Temperature Sensing
12 VB(W) W #H_EBEUKE) s T Bias Voltage for W-Phase High-Side MOSFET Driving
13 VCC (W) W ¥ s 7 Bias Voltage for W—Phase IC and Low-Side MOSFET Driving
14 INGWH) W M B 4SS % A3 T~ Signal Input for W-Phase High-Side
15 INGWL) W AH FEREHIE S # G T Signal Input for W-Phase Low-Side
16 NC Jci%EH: No Connection
17 P AR PR EH R NI Positive DC-Link Input
18 U U AHZ%y 3T Output for U-Phase & Bias Voltage Ground for High—-Side MOSFET
Driving
19 NU U A#H & MOSFET JE#Z¥m T Negative DC—Link Input for U-Phase
20 NV V A B MOSFET JE#Z¥m T Negative DC-Link Input for V-Phase
91 v V AHE H T Output for V-Phase & Bias Voltage Ground for High—-Side MOSFET
Driving
22 NW W A2 B MOSFET JEARuG T Negative DC-Link Input for W-Phase
93 W E fﬁ%ﬁﬂjﬁﬁﬁz Qutput for W Phase & Bias Voltage Ground for High-Side MOSFET
riving

RRA: 202206A

B 3: BRIRGI TR E SCR

Fig 3: Pin function
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@@ SPE02MS0T-C

BRBUEM (T)= 25°C, BRARskiin)

Absolute Maximum Ratings (Tj= 25°C, Unless otherwise Specified)

WAFER 4> Inverter Part

15 ZH XA BUEE | AL
Symbol Parameter Condition Ratings |Units
- R
Voss Drain—Source Voltage of Each MOSFET / 500 v
In TRARE S B Tc=25C (Tc MESHK 6) . A
Fach MOSFET Current, Continuous Tc=25"C (Tc refer to Fig:6) )
Tou TR (A Tc=25°C, Rk 9ifE/NT 100us 9 A
Each MOSFET Pulse Current, Peak Tc=25°C, less than 100us
TR CERUE) o
IDrms Each MOSFET Current, Rus Tc=25°C, FPW<<20KHz 0.85 Arms
o . .. . Tc=25°C, 44> MOSFET
Pp iz KIh#E Maximum Power Dissipation Te=25°C. For Fach MOSFET 14.2 W
¥EH1# 4 Control Part
k=2 ZH %A e AT
Symbol Parameter Condition Ratings |Units
Vee 5 ] FELYR AL Vee—-COM 2 ] 90 v
Control Supply Voltage Applied between VCC and COM
Vis e I ) FL R VB-VS 2 ] 90 v
High-side Bias Voltage Applied between VB and VS
MG S HE VIN-COM 2 [i] o~
iy Input Signal Voltage Applied between VIN and COM 0.3 Vet0. 3 v
BARG Total System
15 ZH XA BUE | AL
Symbol Parameter Condition Ratings |Units
) ) ~ .
T Operating Junction Temperature / 40°150 C
i~ =8 ~
Tsto IEAFIR L T=25°C 10125 C
Storage Temperature
60Hz, 1E5%, AC 174 , PR I EE
i Z 7% . panci .LEEH[]iJH'& %
Viso ; 60Hz, Sinusoidal, AC 1 min, between pins and 1500 V
Isolation Voltage .
heat-sink plate

#E 1 N TR TPMOIER TAE, BEREEEHENZ/NT 1507C (@Tc < 100° O).

NOTE 1: To insure safe operation of the IPM, the average junction temperature should be limited to TJ
< 150° C (@Tc <100° O).

PPH Thermal Resistance

ekt S %M HUEE AL
Symbol Parameter Condition Ratings |Units
EES DA -
. i &> MOSFET .
Rth(J C) Junction t? Case Thermal For Fach MOSFET 8.8 C/W
resistance

ERBFRIODAIREE
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SPE02MS0T-C

HASSRHE (15=25C, BRAR4Emkiim)

Electrical Characteristics (TJ=25°C, Unless Otherwise Specified)

WAZH 4> Inverter Part

it ZH %M e/ ME | JURUE | B ORAE | B
Symbol Parameter Condition Min. | Typ. | Max. |Unit
B Y P -
BVbpss . R SR VIN=0V, Ip=1mA(£%iF 2) (Note2) 500 - - \
Drain—Source Breakdown Voltage
= = 2
Toss TR i VIN=0V, VDS=500V - = 1 mA
Zero Gate Voltage Drain Current
PE-IR ZAE IE [ B
Vsp Vee=VBs=15V, VIN=0V, Ip=—0.5A - 0.8 - v
Drain—Source Diode Forward Voltage
RS (on) _ WRTAR Vee=VBs=15Y, VIN=5V, Ip=0.5A = 2.5 | 3.3 | ohm
Drain—Source Turn—On Resistance
ton - 550 - nS
tOFF R IVPN=300V, VCC=VBS=15V, 1ID=0.5A, - 850 - nS
HsJ [| § .
trr Switajhi%nﬂ;imes VIN=0/5V, &3 (Inductive - 150 - ns
Foxn & Load) L=3mH (#%¥E 3) (Note3) _ 38 _ uJ
Eorr - 8 - uJ
S B 24 TAEX VPN=400V, Vcc=VBs=15V, ID=Ipp,
RBsoa Full S
Reverse Bias Safe Operating Area Vbs=BVDss, T=150C EHA Fu duare
RVE 2: BVDSS ZERAN MOSFET JRIRACKHE. VPN BU/NTZE, FIEEIAHCRK, Vs fEATfTE O T &AL i
BVDSS
NOTE 2: BVDSS is the absolute maximum voltage rating between drain and source terminal of each FRFET
inside SPM®. VPN should be sufficiently less than this value considering the effect of the stray
inductance so that VDS should not exceed BVDSS in any case.
RVE 30 toN Fl torF B A IRAN 1C RHIAEIR . FIRAARAE LI K A TS, ANER PCB REL UL HIE. 5%
Bl 4 fFF o ) e L.
NOTE 3: tON and tOFF include the propagation delay time of the internal drive IC. Listed values are measured
at the laboratory test condition, and they can be different according to the field applcations
due to the effect of different printed circuit boards and wirings. Please see Fig 4 for the
switching time definition.
#H# 4 Control Part
s ZH XA f5e/ME | SRR | B K AA | B
Symbol Parameter Condition Min. Typ. Max. |Unit
Voo FAS IR .
Tacc Quiescef‘f VC?/}SI; 1 vee=15v Voc-COM 2 [7] - - 600 ud
PPy VIN=5V Applied between VcCc and COM
Current
VBS B HLI — VB(U)-U, VB(V)-V, VB(W)-W Z[d]
I Quiescent VBS Supply VINSGV Applied between VB(U)-U, - - 210 uA
Current VB(V)-V, VB(W)-W
\T‘T‘“ N7
UVeen IO (R R . 74 | 82 | o4 | v
. Vce Under-Voltage Protection Detection Level
Low-Side Under-Voltage P e
UVcer Protecti : . . . v
rotection Vce Under—-Voltage Protection Reset Level 8.0 8.9 9.8
2 FL S
UVBsD B R AR Rl P , 7.4 | 82 | 9.4 | v
. . VBS Under-Voltage Protection Detection Level
High-Side Under—Voltage TR
UVBSR Protecti ‘ 8.0 | 89 | 98 | v
rotection VBS Under—-Voltage Protection Reset Level
Vs HVIC i B2 Aol 4 Vee=15Y, Tuvic=25°C (B 5) (Fig5) 0.6 0.8 1.2 v
ERBIFROBIRAE
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SPE02M50T-C
HVIC Temperature Sensing
Voltage Output
v | WATFERIERIE BT, IIFE VIN 5 CON 2 ] . T e |y
ON Threshold Voltage |Logic HIGH Level, Applied between VIN and COM ’
| WARMRERE BRI, e VIN 5 CON 2 ] s |- 1,
OFF Threshold Voltage | Logic Low Level, Applied between VIN and COM )
F 4 AR Sl R
VF BsD TF=0. 1A, TC=25" - . v
(B5D) BSD Forward voltage 0 (=25¢ 3.5 7
W TAE%AE Recommended Operating Conditions
i ZH 5 s/ M | SR | SRR | AL
Symbol Parameter Symbol Min. Typ. Max. |Unit
VR PN
VpN BRI ) < - 300 400 V
Supply Voltage Applied between P and N
23 1] H 5 EE Vee-COM 2 [
Vee BRI | Vet 13.5 | 15.0 | 16.5 | V
Control Supply Voltage Applied between VCC and COM
e ) EL Y L VB-VS Z.i
VBs | PR IR IR , SZMA 13.5 | 15.0 | 16.5 | V
High-Side Bias Voltage Applied between VB and VS
TR BRME B
V ) _
IN(ON) Input ON Threshold Voltage VIN-COM 2 ] 30 vee v
ST - .
VINOFD) BN < T B AE FE Applied between VIN and COM 0 ~ 0.6 v
Input OFF Threshold Voltage
BEIX (] ~ .
=VBs=13. 5"16. i< . - -
tdead Blanking Time for Preventing Arm—Shor VCC=VBS=13.5 16. 5V, Tj<150°C 1.0 us
PWM FF i .
< B B
Fei PWM Switching Frequency Tj<150C 15 iz
100%lc 100%lc
‘trrI
VcE Ic e A VCE
H"\_
VIN VIN
~ tow — > >
tcion) torF - -
OFF
VIN(ON) 10%lc 90%lc  10%V/CE 10%VCEC{ ) %l
(a) IFJ (b) Kl
Bl 4: FFoREtEE L
Fig 4: Switching Time Definition
@ R ZREERAE
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@@ SPE02MS0T-C

30 7

1.0

V[V

0.5 -

-20 0 20 40 60 80 100 120 140 160

TH\I’IC[EC]

B 5: HVIC i EAe ol i B — Fi I i 2

Fig 5: Curves of HVIC Temperature detection—voltage curve

--45-+-,--'r-'[——;/ﬁ—»4W§;/,, Sm—— N

|
AN KA0BSAN000O i
i

] /ﬁ%yﬂﬂ/ 3.80mm

JAS -

L

| Y

TR ERTR VAR, Y .S
L_' 14.50mm

MOSFET | Tz

B 6. %iE Tc MIREA

Fig 6: Case Temperature Measurement
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@@ SPE02MS0T-C

1R3PThEERt FF & Time Charts of Protective Function

WA

=R A

Ll Qi

KIERFIRZE

P L AR (Voo)

MOSFET HLift

B 7. RIER B (&)

Fig 7: Undervoltage protection sequence diagram (low side)

g_

N

g1

R R "
L e

il e PR LR (Vig)

MOSFET e ifit

B 8: RIEGRIIFFE ()

Fig 8: Undervoltage protection sequence diagram (High side)
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@@ SPE02MS0T-C

N FHH B8 Application Circuit

L HIN | LIN | 45usain HIE
= 0 0 ] EFHMOS %]
0 1 0 FHFMOSHiE
, ]th 1 0 VDC EHiMOS i
F T ] 1 i Hi
op— | i | Al R HMOS

B 9: MCU H:OM B33l
Fig 9: Recommended CPU Interface and Bootstrap Circuit with Parameters
Fik 4. HASRER I TCE S B RS P FIIM E . BA 15kHz JFOGHA ] C1=C2=4. TuF.
NOTE 4: Parameters for bootsrap circuit elements are dependent on PWM algorithm. For 15 kHz of switching
frequency, typical example of parameters is an example of: C1=C2=4. 7uF.,
ik 5 FERLRAGEE MG MCU fayihim Z (AN RC KAGHLES, 1 R5. C5 AImMEN LA, . C4, Pk
RN S5 5 R
NOTE 5: RC coupling (R5 and C5) and C4 at each input of SPM® and MCU may be used to prevent improper signal
due to surge noise. Signal input of SPM® is compatible with standard CMOS or LSTTL outputs.

Cl

150
=] [l COM
4 )
B(U) Y F
. A J
Ilmw vee VB i~ %
Cic Vix
N{(uH —t
HIN HO —_
R5 v —
+ N QL) LIN Vs
—— =
5 F—( 2 - COM Lo ﬂ
= NU
B(V)
ik & J pﬁ Ll
vee () Voo VB :
RS I
— INGED HIN HO " .
— IN(VE) LIN Vs
3 L TT R
= Y cou L0 m
- VIS VIS
VB (W
= i Rl \
e vee VB J I B
- ]I —
5 N (WH) HIN HO
— W
= T NG LIN Vs
11 !
Tz b cou Lo —|_[q %
.
B
R4
(‘:\:Ir ? R3
A
L

Bl 10. SRZUNF HLER

Fig 10: Example of Application Circuit
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@@ SPE02MS0T-C

ik 6: ARSI ARG 1C WEBERA — A 500K (ML RU(ED) Rz BH; DA AR REE,  BAATZR NS AT RE
i T RC ERBLEENS, ZU ORI NS S8 BT 5 AR W (i L Y

NOTE 6: Input drive is High—Active type. There is a 500k Q (typ.) pull-down resistor integrated in the
IC input circuit. To prevent malfunction, the wiring of each input should be as short as possible.
When using RC coupling circuit, make sure the input signal level meet the turn—on and turn—off

threshold voltage

I 72 BT R3 AL MOSFET JH5 COM 2 A], R3 F M B 2 B £ 1 0 MOSFET FYFF A4 LA 2% 1 2% LB ) e
DRI R3 ARG AR PR /N T 1V

NOTE 7: The voltage drop across R3 affects the low side switching performance and the bootstrap
characteristics since it is placed between COM and the source terminal of the low side MOSFET.

For this reason, the voltage drop across R3 should be less than 1V in the steady—state

BvE8: TN E T LA HVIC, HEHFT S CPU 3 F E A, A 7 BT Y AR B AR 2 45 55 55 HL 1%
NOTE 8: Thanks for HVIC inside modules, direct coupling to MCU without any opto—coupler or transformer

isolation is possible.

HE9: BZHE AN HEEER UL V. W 8.
NOTE 9: Bootstrap negative electrodes should be connected to U, V, W terminals directly and separated

from the main output wires.

FUE 10: ABIIERGRY, A By C LRI WM.

NOTE 10: To prevent erroneous protection, the wiring of A, B,C should be as short as possible

FeVE 11: fRIZREE R4S C3 YIS 18] 8 BOR UG HAE 17 2uS. TR 8] T BB B & A7 2R A [ ) 2 /DA S84k . 21 R4
C3 ML INEE, IMEAMERA,

NOTE 11: The time constant R4. C3 of the protection circuit should be selected in the range of 1.0-2
ps. SC interrupting time might vary with the wiring pattern. Tight tolerance, temp—compensated

type is recommended for R4, C3.

H/vE 12 A AN BER ARSI IPM.
NOTE 12: All capacitors should be mounted as close to the terminals of the IPM as possible.

FE 13: N T HIIEE ST, fEREHA S PENL Z RN 51 L RURAT RER R, HEAZAE PENT 37 Z [A] N Z) 0. 1~0. 22uF
¥ MLCC AR AT L L5 o

NOTE 13: To prevent surge destruction, the wiring between the smoothing capacitor and the P, N1 terminals
should be as short as possible. Generally, a 0.1-0.22 uF snubber between the P-N1 terminals is

recommended

&7 14: VTS SR 1C P ERAR BIR A DU I, i SRS R A HZ 5 0, @i 100K HIFH FHi % GND, A5t
VrEAS
NOTE 14: The terminals of VTS is used to temperature detection, if you don’ t want to use it, please

pull-down the terminal with a 100 KQ resistor to GND. No connection is forbidden.
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S BB K Detailed Package Outline Drawings

SPE02M50T-C(SOP23-FP)«

5oL SO0L (15

AL )
— - iz, mme
1 16
P WV o S
(IR
L . ., s e, i "
A1.165) 154177826, 67040 10
L350 0,400
LOOO 1
2250 _ 1900 5500 5200 4200 3200 2250 f]
o ABBateEARA 004 -
BT _.
D ()/_ P 0,600
o) Bl |
? 4 777777 : 3 jj %
> o0 30 S g ] q 3
h_\:f\y —é_\,)‘*/ /Markm_uAu:a oq3 T
—— e 5 7
T | | T T T T ? 5 . - Ly
M B A AP
. = X l-_t a!
L0 00
— o500y
e | b—"
3150202
(2275) _ 2e3ece7snos0) _ 1950 £03 00 8 40120 | i
: =
|
H
17 -
SMAX] 000 -

JAS -

B 11: SPEO2M50T-C H3E4MEE

202206A

$=

Fig 11: SPE02M50T-C Package Outline Drawings
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BRI
1. EAMEERLRL T AR AT PR 2 7] 7 4 5 0 0 B A B AQEE, eI Ry 5, 1T B i
52 A SK

2. WSEIHIAE AR FAR, WAT SR 5 2 F] ASHRICR .
3. (EHIEBIT IS A ZGE A ST AR e K BUE R, 15 SRR AR
4. AU A AR AT S5 R

NOTE

1. Jilin Sino-microelectronics co., Ltd sales its product either through direct sales or sales
agent, thus, for customers, when ordering , please check with our company.

2.  We strongly recommend customers check carefully on the trademark when buying our
product, if there is any question, please don’t be hesitate to contact us.

3. Please do not exceed the absolute maximum ratings of the device when circuit
designing.

4. Jilin Sino-microelectronics co., Ltd reserves the right to make changes in this.
specification sheet and is subject to change without prior notice.

BRAEAN
BEHENEBEFREBERARA

vl Hidk: ARG EARTTIRYIE 99 5
MEZm: 132013

MHLl: 86-432-64678411

fEH.: 86-432-64665812

Mk: www.hwdz.com.cn

CONTACT

JILIN SINO-MICROELECTRONICS CO., LTD.

ADD: No.99 Shenzhen Street, Jilin City, Jilin Province, China.
Post Code: 132013

Tel: 86-432-64678411

Fax: 86-432-64665812

Web Site: www.hwdz.com.cn
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