FAIRCHIL.D.

FSBB15CH60C
Motion SPM® 3 Series

Features
« UL Certified No. E209204 (UL1557)

* 600V - 15 A 3-Phase IGBT Inverter with Integral Gate
Drivers and Protection

* Low-Loss, Short-Circuit Rated IGBTs

» Very Low Thermal Resistance Using Al,O3 DBC Sub-
strate

* Built-in Bootstrap Diodes and Dedicated Vs Pins Sim-
plify PCB Layout

» Separate Open-Emitter Pins from Low-Side IGBTs for
Three-Phase Current Sensing

+ Single-Grounded Power Supply
+ Isolation Rating: 2500 Vg / min.

Applications

* Motion Control - Home Applian¢ / Indu. ial. ator

Related Res,'irc s

« AN-9044 - I Jtion.SRM< 7 Jies L/sers\Guide

February 2016

General Description

FSBB15CH60C is an advanced Motion SPM® 3 module
providing a fully-featured, high-performance inverter out-
put stage for AC Induction, BLDC, and PMSM motors.
These modules integrate optimi- gate drive of
the built-in IGBTs to minimize E© and It :es, while also
providing multiple on-modi** "prc. ~tion 1 1tures inciud-
ing under-voltage lock< .5, ovar-c. er’ .nutdown; and
fault reporting. The bu i~ nigh-sp. ed HV'C ieguires
only a single supply »olta_ an? anslates theincoming
logic-level ge. input. ‘o ti .ugh-voltagz, high-current
drive sig. 's i« ‘wired o properly. drive the module's
intc. 2L IGL s, ate ncuative IGBT terminals are
vai ch phase o support theiwidest variety of
¢ tro. 'gorituns.

Mo

Figure 1. Package Overview

Package Marking and Ordering Information

Device Device Marking Package Packing Type Quantity
FSBB15CH60C FSBB15CH60C SPMCC-027 Rail 10
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Pin Configuration

Integrated Power Functions
+ 600V -15AIGBT inverter for three-phase DC / AC power conversion (please refer to Figure 3)

» For inverter low-side IGBTs: gate drive circuit, Short-Circuit Protection (SCP)
control supply circuit Under-Voltage Lock-Out Protection (UVLO)

» Fault signaling: corresponding to UVLO (low-side supply) and SC faults
+ Input interface: active-HIGH interface, works with 3.3 / 5 V logic, Schmitt-trigger input
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(2) COM
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Integrated Drive, Protection, and System Control Functions

» Forinverter high-side IGBTs: gate drive circuit, high-voltage isolated high-speed level shifting
control circuit Under-Voltage Lock-Out Protection (UVLO)
Note: Available bootstrap circuit example is given in Figures 12 and 13.

L 7
D T{:'i_ _'i_\i_;']_@{‘:;'_ CCase Tmperature (Tg)

Detecting-oint

H O j] (27) P

Figure 2. Top View

P DBC Substrate
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Pin Descriptions

Pin Number | Pin Name Pin Description
1 Veew) Low-Side Common Bias Voltage for IC and IGBTs Driving
2 COM Common Supply Ground
3 INwL) Signal Input for Low-Side U-Phase
4 N Signal Input for Low-Side V-Phase
5 INowL) Signal Input for Low-Side W-Phase
6 VEo Fault Output
7 Crop Capacitor for Fault Output Duration Selection
8 Csc Capacitor (Low-Pass Filter) for Short-Circuit Current Detection Input
9 INH) Signal Input for High-Side U-Phase
10 Veer) High-Side Common Bias Voltage for IC and IGBTs Driving
11 Va) High-Side Bias Voltage for U-Phase IGBT Driving ,
12 Vsw) High-Side Bias Voltage Ground for U-Phase IGBT . wing -~ =~ +« ~ . |
13 INwhy | Signal Input for High-Side V-Phase ) O N
14 VeeH) High-Side Common Bias Voltage for IC « NIG. sDrivi
15 Ve High-Side Bias Voltage for V-Pha. ORTL ving .
16 Vsv) High-Side Bias Voltage Grour. ‘or \ ;‘hab; 'T Driving )
17 INwH) Signal Input for High<~ > W-Ph, » X N
18 Voo High-Side Com’ an Bias  tage fc .C and {GB1s.Driving « % ~ \"~
19 Vew) | High-Sids s Ve ge for v hase IGBT Driving ) N\
20 Vsw) Hich Side « s v Ground for W-Phase IGB T :‘riving PR)
21 Ny egativ. TCﬂ 'k Input for L;-Pl-w;sg Bt J
22 N 'egative .’:Tink Input ».: _\/?Phas‘ ¢ N\ \
23 4 N . DC-Litlk Input for W-"hase )
24 ' Output foi-\J)"Phase > )
25 T v | Outjiut for V-Phase . X
R __| v LQlJ—put for Vﬂli R __
. | P | Positive DC-Link |£’T‘Et
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Internal Equivalent Circuit and Input/Output Pins

pn l

(4) Ny,

N )
— IN(U.
(2) COM ol 1
(s D

VB
(18) VCC[H)
VCC 4{
ouT
— COM
(17) Ny N Vs W (26)
(20) Ve,
(1) Ve 1 VB 1
(14) VCC(H)
VCC
ouT——|
»— COM
13) IN
(13) Woy IN Vs V (25)
(16) Ve
(11)VB(U) VB
(10) Voo %

vee out——|
¢ com
IN Vs | L (24)1

9) IN(UH)

(12) Vg,
() Csc c(SC) OUT(WL)“ T
(7) Ceop C(FOD) A
) Veo VFO
(5) Ny,

N \‘3)%

ﬂ{
N

S Nyl )J

1st Notes:

1. Inverter low-side is" mposed.of thre eewheeling dindes for eactii2B T, and one control 'C

2. Inverter pov. side oow four inverter RC+'ink \nput terminal’s anc tiiree inverter cuiput termi

3. Inverter high-£ = is composed +

rigure 3. Iiterng!l Block Diagrain

>. It has gate drive and protection functions.
nals.

iree IGBTSs, froewhzeling dioc 2s, anuiiree drive ICa.for each IGBT.
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Absolute Maximum Ratings (T, = 25°C, unless otherwise specified.)

Inverter Part
Symbol Parameter Conditions Rating Unit
VpeN Supply Voltage Applied between P - Ny, Ny, Ny 450 \%
Vpn(surge) | Supply Voltage (Surge) Applied between P - Ny, Ny, Ny 500 \
Vces Collector - Emitter Voltage 600 \Y
tlc Each IGBT Collector Current Tc=25°C, T, < 150°C 15 A
tlcp Each IGBT Collector Current (Peak) Tc = 25°C, Ty < 150°C, Under 1 ms Pulse 30 A
Width
Pc Collector Dissipation T¢ =25°C per Chip 55 w
T, Operating Junction Temperature (2nd Note 1) - 150 °C |
2nd Notes:
1. The maximum junction temperature rating of the power chips integrated within the Motion SPM® 3 product is 150°C (at Tcst O
Control Part
Symbol Parameter Condit. 1s A Raxil_\é Unit
Vee Control Supply Voltage Applied between V¢ f,\/L h-C M LV 20 \
Vgs High-Side Control Bias Voltage Applied batwe ), vy SMay k<20 v
VB Ve ’\ _ KA
VIN Input Signal Voltage " ed be 2ent Nypy ANy INowH) | (295~ Ve 2 0.2 \%
| INwe Ny oy - CCM ~
Veo Fault Output Supply Voltage ' Appliec  stween Vg, - CCM | -3 =V + 0.3 \Y
IFo Fault Output Current "~ nk Currentat \,';o_,)i; N~ | s mA
Vsc |Current-Sensing Input tage . | Applieddbeesii Cgo - COM- ) T 03~Vge+03 | V
Bootstrap Diode Part
Symbol Parai oter \J " Coriaitions Rating Unit
VRRM ' inmurﬁ; st Reverse \/—llta_gg 4|>— \V ¢ 600 \%
e Jrdac et | [ Tc=25"0 < 150°C 0.5 A
Sorl " _urrent (Fe=X) |TC =25°C, Ty < 150°C  Under 1 ms Pulse 2.0 A
Vifidin
I Ty __Oper?tinq Jmon Tempe.‘:-iu_re N -40 ~ 150 °C
Total Systein
Swvinihal ' Paramicter Conditions Rating Unit
Von@roT) | Self-Protectian Stoply Voltage Limit Vee = Vpg = 13.5~ 165V 400 v
(Short-Circit Piotection Capability) T,=150°C, Non-Repetitive, <2 us
Tc Module Case Operation Temperature -40°C < T;<150°C, See Figure 2 -40 ~ 125 °C
Tste Storage Temperature -40 ~ 125 °C
Viso Isolation Voltage 60 Hz, Sinusoidal, AC 1 Minute, Connect 2500 Vims
Pins to Heat Sink Plate
Thermal Resistance
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Rihg-c)a Junction to Case Thermal Resistance | Inverter IGBT part (per 1 / 6 module) - - 227 | °C/IW
Rihg-c)F Inverter FWDi part (per 1 / 6 module) - - 3.0 °C/W
2nd Notes:
2. For the measurement point of case temperature (T¢), please refer to Figure 2.
©2008 Fairchild Semiconductor Corporation 5 www.fairchildsemi.com
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Inverter Part

Electrical Characteristics (T, = 25°C, unless otherwise specified.)

3. ton and topr include the propagation delay time of the internal drive IC. tcyar. «offjare swittiing time ¢f IGE T itself under t'ie ai.
For the detailed information, please see Figure 4.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
VcE(sAT) Collector - Emitter Saturation | Voo =Vgg =15V lc=16A,T;=25°C - - 2.0 \
Voltage ViN=5V
VE FWDi Forward Voltage ViN=0V lr=15A,T;=25°C - - 22 \
HS ton Switching Times Vpny =300V, Ve =Vgs =15V - 0.80 - us
Ic=15A
t c - 0.20 -
C(ON) Vjy =0V 5 V, Inductive Load kS
torr (2nd Note 3) - 0.40 - us
tciorF) - 0.10 - ps
ter _ ., _ s |
LS tON VPN =300 V, VCC = VBS =15V - 50 us
Ic=15A = Sl
t c - 0. A )
coN) VN =0V &6V, Inductive Load e
torF (2nd Note 3) F —L Q 34‘* __T Jbs
tc(oFF) V101 ps
tr A U - 0_-‘0 ! - us
Ices Collector - Emitter Leakage | Vce = Vces - ‘ 1 mA
Current L | B
2nd Notes:

2u1 gate drivira cancition internally.

Control Part
Symbol Parameter Canditions | Min. | Typ. | Max. | Unit
laccL | Quiescent Vo supply WVl =15V~ T TVeq; - COM \ Y - 23 mA
Current UL, VE W) = ov <‘>_ . X
laccH Voo 718V Viee) - COM - - 600 uA
 \ _ _INH, vH, w0 <
lass Juiescent V' Supply Vgs =15V | \Iq\u) Vsy VBv) - Vsvy - - 500 uA
N R IN@H, virwr) = 9 [VBw) - Vsw)
VEoH Fa.  Output Voitaos ‘s =0V; \’co Circuit: 4.7 kQto 5 V Pull-up 4.5 - - \
B oL Vs(‘ = 1 V;VEo Circuit: 4.7 kQto 5 V Pull-up - - 0.8 \
| Vse.en |31mc_vcd|t Curant *_|Vae =15 V (2nd Note 4) 045 | 050 | 055 v
-] Trio Level A\
TSDy Over-Temperature Temperature at LVIC - 160 - °C
Protection
\ —ATSD Over-Tempar:*_'na Temperature at LVIC - 5 - °C
Protection Hysterisis
UVcep | Supply Circuit Detection Level 10.7 1.9 13.0 \
UVger | Under-Voltage Protection  [poset evel 12 | 124 | 134 v
UVgsp Detection Level 10 1 12 \
UVgsr Reset Level 10.5 11.5 12.5 \Y
trop Fault-Out Pulse Width Crop = 33 nF (2nd Note 5) 1.0 1.8 - ms
Vinon) | ON Threshold Voltage Applied between INyp), INovHy, INwh), INL), 2.8 - - \
Vinorr) | OFF Threshold Voltage INLy. N - COM - - 0.8 v

2nd Notes:

4. Short-circuit protection is functioning only at the low-sides.

5. The fault-out pulse width tgop depends on the capacitance value of Cggp according to the following approximate equation: Cgop = 18.3 x 100 x teop [F]

©2008 Fairchild Semiconductor Corporation
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Figure 5. Switching Loss Characteristics (Typical)
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Bootstrap Diode Part

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Vg Forward Voltage IF=0.1A,Tc=25°C - 25 - \Y
tr Reverse Recovery Time IF=0.1A, Tc=25°C - 80 - ns

Built-in Bootstrap Diode V_-I_ Characteristic
1.0
0.9 /
0.8 .
d I
o7 /,/
0.6 /
e |
< 05 //
— 04 e
yed
03
e
0.2 // |
0.1 A .
yd T=25°C
0.0 A N 3
0 1 2 3 4.5 6 8 10 11 12028 14 15
A
Figu <. ik m Bulsstrap Dinze Charactaristics
2nd Notes:
6. Built-in bootstrap diode includes around. 15 Q 1 stance chal eristic.
Recom. <°naed ¢ perating Conditicrs
o e \ NPT . .
'_ymbc. Paramerer I Zonditions Min. | Typ. | Max. | Unit
‘>N Supply Vzitage '_Applie‘. hetween P - Ny, Ny, Ny - 300 400 \
vV, Control Supply Veltage Applied between Veony Veer) - COM 13.5 15.0 16.5 \Y
VBS I I'Q h-3ide Bias ‘Joltage /‘pplled between VB(U) - VS(U)’ VB(V) - Vs(\/), 13.0 15.0 18.5 \Y
< \ Vew) - Vsw)
aVeclat, | Control Supply Yaria‘ion -1 - 1 V/us
dVgg/ dt
tyead Blanking Time for Preventing | Each Input Signal 2 - - us
Arm-Short
fowm PWM Input Signal -40°C < T¢ £125°C, -40°C < T, < 150°C - - 20 kHz
Vgen | Voltage for Current Sensing | Applied between Ny, Ny, Ny - COM -4 4 \Y
(Including Surge Voltage)

©2008 Fairchild Semiconductor Corporation
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Mechanical Characteristics and Ratings

Figure 7 Flat. »ss M. suremait Pusition

Parameter Conditions Min. Typ. | Max. | Unit
Mounting Torque Mounting Screw: M3 Recommended 0.62 Nem 0.51 0.62 0.80 Nem
Device Flatness See Figure 7 0 - +120 um
Weight - 15.00 - g

(+)

|

| |

l‘\ ™~ ~ ~ - 7‘[ T .

| o~ -7 |

| P | (+)
A 4 7M a
L L L W N
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Time Charts of Protective Function

a2 : Normal operation: IGBT ON and carrying current.
a3 : Under-voltage detection (UV¢cp).

a4 : IGBT OFF in spite of control input condition.

a5 : Fault output operation starts.

a6 : Under-voltage reset (UVccR)-

a7 : Normal operation: IGBT ON and ¢ ryingc en.

a1 : Control supply voltage rises: after the voltage rises UVcRg, the cizcuic

£
Input Signal J F L
Protection RESET SET RESET
Circuit State E—
UVCCR
Control o Weep 23 %
Supply Voltage
a2 at a7
Output Current /\/\ 4{ /\
( P L
Fault Output Signal = B A W
ault Output Signa
— —Q

‘2 erate when.naxtinput is apnlied.

Fi_ wre 8. | 1der-Vsiiage Protaction (Low Side)

Output Current

Y

X AT —
“apu. —.gnal 7J7 Li‘ LJ ; ‘ {T L
2
Protgctlon RESET SET RESET
Cirouit State -\
Wegs
X b5
wentiol g/ I UVgsp b3
Supply Voltaga b6
b2 ba

High-level (no fault output)

Fault Output Signal

b2 : Normal operation: IGBT ON and carrying current.
b3 : Under-voltage detection (UVggp).

b5 : Under-voltage reset (UVggR).
b6 : Normal operation: IGBT ON and carrying current.

b4 : IGBT OFF in spite of control input condition, but there is no fault output signal.

b1 : Control supply voltage rises: after the voltage reaches UVggR, the circuits start to operate when next input is applied.

S9lvS € SINdS UONOIN D09HOSL9dS4

Figure 9. Under-Voltage Protection (High-Side)

©2008 Fairchild Semiconductor Corporation 10 www.fairchildsemi.com

FSBB15CHG60C Rev. 2



Lower Arms 6 Fjﬂ
Control Input ¢

Protection
Circuit State SET RESET

Internal IGBT oA
Gate - Emitter Voltage

2,
¥ /
Output Current o8 +

)

Sensing Voltage /\ ”p :v < e Voltage A

of Shunt Resistance h ’

7

A C2 Cirzuit Time
Fault Output Siy 65‘ Q@fant DRIy

%
L _ §F )\ W

-

(with the external shunt resi’ .nce and cor’ ction)
c1: Normal operation: IGB. ON and- arrying curreat
c2 : Short-circuit< .irenitdetc ‘an (S trigger).

c3 :Hard IC3T ¢ S &

c4 : IGRT tur.  OFF

ct 'nput‘l W”: W GBT.OFF siaie.
c7 . vt uGH”: 'GBY ON state, hut auring th 2ctive period of fault output, the IGBT doesn’t turn ON.
c8 : 1GsT OFF state:

Figure 19.-Sr:ort-Circuit Protection (Low-Side Operation Only)

< _raulc tpu ‘mer operation stasts: the.nulse width of the fault output signal is set by the external capacitor Cgq.

©2008 Fairchild Semiconductor Corporation 11
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+5V
Rpp=4.7 kQ
100 Q
L4 INwry» Ny [\
100 @
MCU INwy N+ INgw
100 Q Veo

Figure 11. Recommended MCU /O li arfe 2 C’ _uit

3rd Notes:

1. RC coupling at each input might change depending on the PWM control scheme inthe ap atior.  duic mpedance.of the ¢ pylication’s printe ! circuit boara: The input
signal section of the Motion SPM® 3 product integrates a 5 kQ (typ.) pull-down re<” _r. 1. >fore, en using an exterzal filtering resistor, plée se hay attentio . ihe signal
voltage drop at input terminal.

2. The logic input works with standard CMOS or LSTTL outputs.

These valt s depe 1 0. PWM cuatrol algarthm:
4

[ _'Fe-Leg Dia‘]n;n of
Motior. SPW5 Product

T 022 UF A COM VS
\\_’
‘ SN N L o o
%77777 S Inverter
M Vee S Output
1000 ;JFL 1MF HIN - ouT —]
b COM VSL]

Figure 12. Recommended Bootstrap Operation Circuit and Parameters

3rd Notes:
3. The ceramic capacitor placed between V¢ - COM should be over 1 uF and mounted as close to the pins of the Motion SPM 3 product as possible.

JINdS UONJON D09HOS 1L a4dSH
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45V +15V =
A (19) Vo, 5 &
(18) Voow vee

Rs CES% — com ouT
J

(17) Ny
(20) Vsw)

:
%::’(‘5) Ve VB
I

Gating WH

IN Vs W (26)

(14) Voo %
vee
ouT——

Rs (13) Ny com

Gating VH J%Cps (1) Vo IN VS V (25) M
M = ‘ T If (1) Vawy % Ve [
(10) Veep vce Cucsii % ;Ti
. D | R e o \\ D ¢
T vBscT (9) INwr)
Ll b

1

Gating UH

IN Vs

(12) Vs

®)Cso C(sc) OUT(H

7e

Rs = (s)vmu C(FOD; L‘t N (23),

T S v o ‘ L
= I (5) Ny ‘

R
Gating WL y \ BN | #
R @ Ny }\3
[“Gating VL '\{?\? 1 % [ L (22) N
Gating UL Y TT IN(L ‘

[~ 1 kﬁé*?%gzﬁw*%“i é#
‘ Rsu
— Ny (21),
f <

. C 4\ Cspei
Input Signal for l ) G\ R
Short-Circuit Protection WPWV-Phak Lupent < \O)~— 1 VR

V-Ph=se Current € —

Y-Rhase Currerié ———— Jr W

rigure /i3. Typical-Apptication Circuit
4th M
savoid i ncti *he wiring of eich input'should ha.as snort as possible (iass than 2 - 3cm).

2. virtue of gratii y an apnrlicatian«srecific type ot VIS inside tha Mctior SPM® 3 product, direct coupling to MCU terminals without any optocoupler or transformer isola-
t. s possit

3.Vgg s open-cdilector tvpe. This sigriai line should be puileatup to the positive side of the 5 V power supply with approximately 4.7 kQresistance (please refer to Fig-
ureli

N

. Cgp15 of arzundise veri times largeithan bootstrap cagaciici’ Cgg is recommended.

o

. VEo 0upuuouls2 width should be determined Hv.<anriscting an external capacitor (Crop) between Cgop (pin 7) and COM (pin 2). (Example: if Crop = 33 nF, then trg = 1.8 ms
(typ.,) Please refer to the 2nd note 5 for calr ulation method.

. Innut signal is active-HIGH type. Thareds <. 5 kQ resistor inside the IC to pull down each input signal line to GND. RC coupling circuits should be used to prevent input signal
osillation. RgCpg time consterit siiot'd. e selected in the range 50 ~ 150 ns. Cpg should not be less than 1 nF (recommended Rg = 100 Q, Cpg = 1 nF)

. To prevent errors of the protecticn function, the wiring around R and Cg¢ should be as short as possible.
8. In the short-circuit protection circuit, please select the RgCg¢ time constant in the range 1.5 ~ 2.0 ps.
9. Each capacitor should be mounted as close to the pins of the Motion SPM 3 product as possible.

10. To prevent surge destruction, the wiring between the smoothing capacitor and the P & GND pins should be as short as possible. The use of a high-frequency non-inductive
capacitor of around 0.1 ~ 0.22 pF between the P & GND pins is recommended.

11. Relays are used in almost every systems of electrical equipment in home appliances. In these cases, there should be sufficient distance between the MCU and the relays.
12. Cgpc15 should be over 1 uF and mounted as close to the pins of the Motion SPM 3 product as possible.

©2008 Fairchild Semiconductor Corporation 13 www.fairchildsemi.com
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