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AN-9095

Smart Power Module
1200V Motion SPM3® Series
Application Note

) ON Semiconductor®
1 Introduction

This application note supports the 1200 V rated Motion SPM® 3 module.
It should be used in conjunction with 1200 V Motion SPM 3 datasheet APPLICATION NOTE
and application notes AN-9086 - SPM 3 Package Mounting Guidance.

www.onsemi.com

1.1 Design Concept

Provides a minimized package and low power consumption module with improved reliability. This is achieved by
applying a new 1200 V gate-driving high-voltage integrated circuit (HVIC), a new insulated-gate bipolar transistor
(IGBT) of advanced silicon technology, and improved direct bonded copper (DBC) substrate base transfer mold
package.

1200 V Motion SPM 3 module achieves reduced board size and improved reliability compared to existing discrete
solutions. Target applications are inverterized motor drives for industrial use, such as fan motor for air conditioners,
small power general-purpose inverters, and serve motors.

The temperature-sensing function of Motion SPM 3 product is implemented in the LVIC to enhance system
reliability. An analog voltage proportional to the temperature of the LVIC is provided for monitoring the module
temperature and necessary protections against over-temperature situations.

Figure 1. External View and Internal Structure of Motion SPM 3 Series

Table 1. Product Line-up and Target Application

Target Application Fairchild Device | IGBT Rating | Motor Rating® Isolation Voltage
Motor drives for industrial use, | FSBB10CH120D(F)(W) | 10 A/1200V | 1.5 kW /440 Vac )
System air conditioners Viso = 2500 Vrus
General-purpose inverter’s FSBB15CH120D(F) 15 A/ 1200V 2.2 KW [/ 440 Vac (Sine 60 Hz, 1 min
Servo driver " | FSBB20CH120D(F) | 20A/1200V | 3.0 kW /440 vac |All Shorted Pins Heat Sink)
Notes:

1. Difference between FSBB10CH120D and FSBB10CH120DF is temperature sensing range.
Temperature range of FSBB10CH120D is 0 ~ 150°C, FSBB10CH120DF is -25 ~ 125°C.

2. These motor ratings are simulation results under following conditions: Vac= 440V, Vop =15V, Tc = 100°C, T;= 150°C,
frwm = 5 kHz, PF=0.8, MI=0.9, Motor efficiency=0.75, overload 150% for 1min.
These motor ratings are general rating, so may be changed by conditions.

© Semiconductor Components Industries, LLC, 2016 1 Publication Order Number:
January 2017- Rev. 2.0 AN-9095



https://www.fairchildsemi.com/application-notes/AN/AN-9086.pdf

AN-9095

Table of Contents

A [ 14 o Yo 1T Yo £ Yo PRSP 1
1.1 [ 1S o @ s [o =T o | (RSSO 1
1.2 L@ (o L= g TaTo TN 1) {014 g - 11T ] o IS 3
1.3 Features and INtegrated FUNCHIONS .........ccvoiiiiiie ettt sttt e et et sr e resreenae e ebeseesrenes 3

P & (o To [V Tod SV g o] o 1] £ OO PP PP PUPPPPPPPRPN 4
2.1 Detailed Pin Definition & NOLFICATION ........ooiiiie ittt 5
2.2 Absolute Maximum Ratings (TJ=25°C, unless otherwise specified)...........ccccreriiniiiiniiniee 6
2.3 Electrical Characteristics (TJ=25°C, unless otherwise specified) ..........ccccoririiniiiie s 9

G T o= (o - Vo = TS PPESR 10
3.1 THErMA IMPEUAINCE .....oviiiiiti bbb b bbbt bbb bbbt bbbt bbb bbbt enen 12
3.2 Detailed Package OULIINE DIAWINGS ......eoiiiieiiiiieitieste e sesee e ste e steete s e st e steestaesteesteaseesneesneesseesseenseenseans 13
3.3 Y =T QT To TR {0 g = U] o PSSR 14

4 Operating Sequence for ProteCtionNS ... 15
4.1 Short-Circuit CUrrent Prote€CtioN (SCP) ...c.ic ittt re et e be e sntesreesraenteas 15
4.2 Under-Voltage LOCKOUL PrOTECIION .........cccviiiiiiiie sttt e st e e e teesae e e sneesnaesneeteenneens 16

5 Key Parameter DeSigN GUILANCE ......couuiiiiiiiiii ettt ettt e st e e e e s aabe e e e s aab b e e e s aanneeeeannneee s 17
5.1  Shunt Resistor Selection at N-Terminal for Current Sensing & Protection............ccoeevvneniineneinnnees 17
5.2 Time Constant Of INEINAI DEIAY .........ccoiiiiiriiii bbbttt er e 18
5.3 Yo I 0 L S PPPRPR 19
5.4 FAUIT OULPUL CIFCUIL......eeetiiteeeie sttt bbbt b e bbb bbb bt bbbt b b e bbbt et b et 20
55 Circuit of Input Signal (IN(XH), IN(XL)) .c.vveveeiieieiie e ra e steesaeenbeensesnaesreesraenreas 20
5.6 [2T0T0) 651 =T o IO o011 A0 L= T [ o PSPPSR 20

5.6.1 Operation Of BOOLSIrAP CIICUIL.........ccveiieiiiie ettt aa e ste e sbe et e e b e esbesraesreesres 20
5.6.2 Selection of Bootstrap Capacitor Considering Initial Charging...........cccoocevveiieiiii v 21
5.6.3 Selection of Bootstrap Capacitor Considering OPerating.........cccccvevveieeiesiiesiee e 23
5.6.4 Selection Of BOOLSIraP DIOUE ........ccviiieice ettt te et e e e et e st e staesteenreeneeas 24
5.6.5 Selection Of BOOISIrAP RESISION .......c..ciiiiiiii ittt st sb et 24
5.7 Thermal SENSING UNIE (TSU) ..ottt bbbttt b ettt sb et et sb et ebe e 25
5.7.1 BASIC CONCEPL ...ttt bbbt bbbt e bt bt bbb h e b b e st bbbt b b et bbb nn e 25

6 Print Circuit BOArd (PCB) DESIGN ... e 29
6.1 General Application CirCUIt EXBMPIE .........cviiiiiiiieiiee et ettt 29
6.2 (O3S R = Y01 U1 A U] T £ g ol USSR 30

T PacKing INTOIMALION ... s 31

www.onsemi.com

2



AN-9095

1.2 Ordering Information

~
FSBB10CH120DF _ ~ .
) sensing range
None: 0~150°C
F: -25~125°C
IGBT Version
Voltage Rating (X 10)
CH : Option for Motor Drives
Current Rating
——» B : SPM 3 with DBC
~—p» B : No-Theristor
——Pp S : Divided N-Terminal
L ol
-~
J

Figure 2. Ordering Information

1.3 Features and Integrated
Functions

DBC Substrate

- Excellent Thermal Conductivity, Keeping
2500 V:ms Isolation Voltage from Pin to Heat
Sink

Integrated Components:

- One-Channel HVIC (three HVIC) for High-Side
IGBTSs Control

- Three-Channel LVIC (one LVIC) for Low-Side
IGBTSs Control

- SixIGBTs/ Diodes
- Temperature Sensing of LVIC(Optional)
Control Drive Supply:

Single DC Supply Compatible Using Integrated
Bootstrap Diode

High-Side Gate Driver (One-Channel)

- High-Voltage Level-Shift Circuit

- Input interface: Active HIGH

- Compatible for 3.3 V Controller Outputs

- Under-Voltage Lockout without Fault Signal
Low-Side Gate Driver (Three-Channel)

- Input Interface: Active HIGH

- Compatible for 3.3 V Controller Outputs

- Under-Voltage Lockout with Fault Signal
- Short-Circuit, Over-Current Protection
Soft Turn-off Prevents Excessive Surge Voltage
Temperature Sensing of LVIC (2 kind option)
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Figure 4. Package Top-View and Pin Assignment
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2 Product Synopsis

This section discusses pin descriptions, electrical specifications, characteristics, and packaging.

Table 2. Pin Description

AN-9095

Pin Number Name Description
1 VCC(L) Low-Side Common Bias Voltage for IC and IGBTs Driving
2 COM Common Supply Ground
3 IN(UL) Signal Input for Low-Side U Phase
4 IN(VL) Signal Input for Low-Side V Phase
5 IN(WL) Signal Input for Low-Side W Phase
6 VFO Fault Output
7 VTS Thermal Sensing Voltage in LVIC
8 CscC Voltage Input for SC detection
9 IN(UH) Signal Input for High-Side U Phase
10 VCC(UH) High-Side Bias Voltage for U Phase IC
11 VB(U) High-Side Bias Voltage for U Phase IGBT Driving
12 VS(U) High-Side Bias Voltage Ground for U Phase IGBT Driving
13 IN(VH) Signal Input for High-Side V Phase
14 VCC(VH) High-Side Bias Voltage for V Phase IC
15 VB(V) High-Side Bias Voltage for V Phase IGBT Driving
16 VS(V) High-Side Bias Voltage Ground for V Phase IGBT Driving
17 IN(WH) Signal Input for High-Side W Phase
18 VCC(WH) High-Side Bias Voltage for W Phase IC
19 VB(W) High-Side Bias Voltage for W Phase IGBT Driving
20 VS(W) High-Side Bias Voltage Ground for W Phase IGBT Driving
21 NU Negative DC-Link Input for U Phase
22 NV Negative DC-Link Input for V Phase
23 NW Negative DC-Link Input for W Phase
24 U Output for U Phase
25 \% Output for V Phase
26 w Output for W Phase
27 P Positive DC-Link Input

www.onsemi.com
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2.1 Detailed Pin Definition &
Notification

High-Side Bias Voltage Pins for Driving the IGBTs /
High-Side Bias Voltage Ground Pins for Driving the
IGBTSs:

» Pins: VB(U)-VS(U), VB(V)-VS(V), VB(W)-
VS(W)

- These are drive power supply pins for providing
gate drive power to the high-side IGBTS.

- The virtue of the ability to bootstrap the circuit
scheme is that no external power supplies are
required for the high-side IGBTS.

- Each bootstrap capacitor is charged from the Vcc
supply during ON state of the corresponding low-
side IGBT.

- To prevent malfunctions caused by noise and
ripple in the supply voltage, a low-ESR, low-ESL
filter capacitor should be mounted very close to
these pins.

Low-Side Bias Voltage Pin / High-Side Bias Voltage
Pins:

» Pins: VCC(L), VCC(WH), VCC(VH), VCC(UH)
- These are control supply pins for the built-in ICs.
- These four pins should be connected externally.

- To prevent malfunctions caused by noise and
ripple in the supply voltage, a low-ESR, low-ESL
filter capacitor should be mounted very close to
these pins.

Common Supply Ground Pins
» Pins: COM
- These are supply ground pins for the built-in ICs.

- Important! To avoid noise influences, the main
power circuit current should not be allowed to
blow through this pin.

High-Side Bias Voltage Pins for Driving the IGBTs /
High-Side Bias Voltage Ground Pins for Driving the
IGBTs

» Pins: VB(U) - VS(U), VB(V) — VS(V), VB(W) —
VS(W)

- These are drive power supply pins fro providing
gate drive power to the high-side IGBTSs.

- The virtue of the ability to bootstrap the circuit
scheme is that no external power supplies are
required for the high-side IGBTSs.

- Each bootstrap capacitor is charged from the VCC
supply during the ON-state of the corresponding
low-side IGBTS.

In order to prevent malfunctions caused by noise
and ripple in supply voltage, a good quality (low
ESR, low ESL) filter capacitor should be mount
very close to these pins.

Signal Input Pins

» Pins: IN(UL), IN(VL), IN(WL), IN(UH), IN(VH),
IN(WH)

- These pins control the operation of the built-in
IGBTs.

- They are activated by voltage input signals. The
terminals are internally connected to a Schmitt-
trigger circuit composed of 5 V-class CMOS.

- The signal logic of these pins is active HIGH. The
IGBT associated with each of these pins is turned
ON when a sufficient logic voltage is applied to
these pins.

- The wiring of each input should be as short as
possible to protect the Motion SPM® 3 module
against noise influences.

- To prevent signal oscillations, an RC coupling as
illustrated in Figure 29 is recommended.

Fault Out Duration Selection Pin / Analog
Temperature Sensing Output Pin

» Pin: VTS

- This indicates the temperature of the VV-phase
LVIC with analog voltage. LVIC itself creates
some power loss, but mainly heat generated from
the IGBTS increase the temperature of the LVIC.

- Vs Versus temperature characteristics are
illustrated in Figure 38

Short-Circuit and Over-Current Detection Input Pin
» Pin: CSC

- The current detecting resistor (shunt resistor)
should be connected between low pass filter
before the pin CSC and the low-side ground
(COM) to detect over-current or short-circuit
current.

(Figure 21)

- The shunt resistor should be selected to meet the
detection levels matched for the specific
application. An RC filter should be connected to
the CSC pin to eliminate noise.

The connection length between the shunt resistor
and CSC pin should be minimized.

www.onsemi.com
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=  Fault Output Pin

>

Pin: VFO

This is the fault output alarm pin. An active low
output is given on this pin for a fault state
condition in the SPM® module.

The alarm conditions are: Short-Circuit Protection
(SCP), and low-side bias Under-Voltage Lockout
(UVLO).

The VFO output is open drain configured. The
VFO signal line should be pulled to the 5 V logic
power supply with approximately 4.7 kQ
resistance.

= Positive DC-Link Pin

>

Pin: P

This is the DC-link positive power supply pin of
the inverter.

It is internally connected to the collectors of the
high-side IGBTSs.

To suppress surge voltage caused by the DC-link
wiring or PCB pattern inductance, connect a
smoothing filter capacitor close to this pin (tip:
metal film capacitor is typically used).

Negative DC-Link Pins
> Pins: NU, NV, NW

These are the DC-link negative power supply pins
(power ground) of the inverter.

These pins are connected to the low-side IGBT
emitters of the each phase.

Inverter Power Output Pins
» Pins: U, V,W

Inverter output pins for connecting to the inverter
load (e.g. motor).

2.2 Absolute Maximum Ratings (TJ=25°C, unless otherwise specified)

Table 3. Inverter (Based on FSBB10CH120D)
Symbol Parameter Conditions Rating | Unit
Ven Supply Voltage Applied between P — NU, NV, NW 900 \%
Vensurge) | Supply Voltage (Surge) Applied between P — NU, NV, NW 1000 \%
Vces | Collector — Emitter Voltage 1200 Y,
*lc Each IGBT Collector Current Tc=25°C, Ty=150°C 10 A
tlcp (Epa;;‘k')GBT Collector Current Tc=25°C, Ty<150°C, Under 1 ms Pulse Width 20 A
Pc Collector Dissipation Tc=25°C per Chip 69 W
T; Operating Junction Temperature(3 -40~150 °C
Note:
3. The maximum junction temperature rating of the power chips integrated within the Motion SPM 3 product is 150°C.
Table 4. Control Part
Symbol Parameter Conditions Rating Unit
Vce Control Supply Voltage Applied between VCC(H), VCC(H) - COM 20 \%
Vas High-Side Control Bias Voltage Applied between VB(x), VS(x) 20 \%
ViN Input Signal Voltage Applied between IN(xH), IN(xL) - COM -0.3~Vccet+0.3 \Y
Vro Fault Output Supply Voltage Applied between VFO - COM -0.3~Vcc+0.3 \%
IFo Fault Output Current Sink Current at VFO Pin 2 mA
Vsc Current Sensing Input Voltage Applied between CSC - COM -0.3~Vcc+0.3 \%

www.onsemi.com
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Table 5. Total System

AN-9095

Symbol Parameter Conditions Rating |Unit
Veneron (Sset:‘:)ﬁr‘étﬁgﬂﬁnprsoﬂgglf;x%fgaebh:g;t Vee, Ves=13.5~16.5 V, T=150°C, Non-Repetitive, < 2 us| 800 | V
Tc Module Case Operation Temperature | See Figure 5 -40~125 | °C
Tste Storage Temperature -40~125 | °C
Viso Isolation Voltage 60 Hz, Sinusoidal, 1-Minute, Connect Pins to Heat Sink 2500 | Vims
Table 6. Thermal Resistance
Symbol Parameter Conditions Rating | Unit
FSBB10CH120D(F) 1.80
Rih(-0)Q Inverter IGBT Part (per 1/6 Module) FSBB15CH120D(F) 1.50
Junction-to-Case Thermal FSBB20CH120D(F) 0.60 /W
Resistance FSBB10CH120D(F) 2.75
Rin-c)F Inverter FWD Part (per 1/6 Module) FSBB15CH120D(F) 1.75
FSBB20CH120D(F) 0.90
ol (20) Vs,
ene ¢ ][0 (19) Ve
E}%I‘{\jcqw
W | (1e)vs'$)
e
CC(VH)
@5V [ (13) N
Case Temperature (T¢) : §1 1 ; V;,(j:
Detecting Point (10)Veeun
(UH)
ey ] 3 ‘ (9) N
8)Csc
O 7)V+
(23)Ny, (] N 2(6% Vio
(0] %5 IN{WLI
(22)N, ] o g m.,vu
(UL}
@NHN, ] [© gz com
. _I_h 1 VCC(L)

L1374 _

Figure 5. Case Temperature (Tc) Detecting Point
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Table 7. Recommended Operating Conditions

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Ven Supply Voltage Applied between P - NU, NV, NW 400 | 600 | 800 | V
Vee Control Supply Voltage Applied between VCC(xH) - COM(H), VCC(L) - 135(150| 165 | V

COM(L)
Vs High-Side Bias Voltage Applied between VB(x) - VS(x) 13.0( 150|185 | V

dVcc/dt, .

dVes/dt Control Supply Variation -1 +1 | Vlps

Blanking Time for Preventing .
tdead Arm-Short For Each Input Signal 2.0 uSs
frwm PWM Input Signal -40°C < Tc < 125°C, - 40°C < T; < 150°C 20 | kHz
. Applied between NU, NV, NW - COM(H, L) )
Vsen Voltage for Current Sensing (Including Surge Voltage) 5 5 \%
PwiN(oN) . : IC <20 A, Wiring Inductance between NU, NV, N\w | 1.5
) ’ ’ ’

S Minimum Input Pulse Width4 and DC Link N < 10 nH 15 us

Ts Junction Temperature -40 150 | °C
Note:

4. This product might not make response if the input pulse width is less than the recommended value.

www.onsemi.com
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2.3 Electrical Characteristics (TJ=25°C, unless otherwise specified)

Table 8. Inverter Part (Based on FSBB10CH120D)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Versn | Saruration voltage vicsy 16=10 A, Ty=25°C 22 | 28 | v
VE FWDi Forward Voltage Vin=0V IF=10 A, Ts=25°C 2.2 2.8 \%
ton 0.45 0.85 1.35
tcion) 0.25 0.60
HS torr 0.95 1.50
tc(orrm 0.10 0.45
tir N Ven=600 V, Vcc=15 V, Ves=15 V, 1c=10 A 0.25
o | SWitching Times T)=25, Vin=0 V >5 V, Inductive Load'® 075 | 125 | M
tc(on) 0.20 0.55
LS torr 0.95 1.50
tc(oFr) 0.10 0.45
tr 0.20
Collector — Emitter Leakage _
Ices Current Vce=Vces 5 mA
Note:

5. ton and torr include the propagation delay of the internal drive IC. tcon) and tcorr) are the switching times of the IGBT
itself under the given gate driving condition internally. For the detailed information, see Figure 6 and Figure 7.

One-Leg Diagram of Motion SPM

nnnnnnnnnnnnnnnnnnnnnnnnn

Inducotor

Inducotor

ine stray Inductance < 100nH

Figure 6.

Switching Evaluation Circuit

HINX
LINX
trr .
toff [on i
> |
N 1100% ey
lox I
© 90% ley
10% Veex
10% Very | 10% lex

Veex

te(ofry

10% lox |

Figure 7. Switching Time Definition
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Table 9. Control Part
Symbol Parameter Conditions Min. | Typ. | Max. |Unit
lacch | Quiescent Vee Supply | VCC(xH)=15 V, IN(xH)=0 V | VCC(xH) - COM(H) 0.15 A
loccL | Current VCC(L)=15V, IN(xL)=0 V  [VCC(L) - COM(L) 5.00
| Operating High-Side VCC(xH)=15 V, fpwm=20 kHz, Duty=50%, Applied to 030 | mA
PCCH 1 Vee Supply Current One PWM Signal Input for High Side :
| Operating Low-Side Vcc | VCC(L)=15 V, frwm=20 kHz, Duty=50%, Applied to One 8.5 mA
PCCt | supply Current PWM Signal Input for Low Side :
loss | Suhescent Ves SUPPY  |\/as=15 v, IN(xH)=0 V VB(X) - VS(X) 030 | mA
urrent
| Operating Vas Supply Vee=Ves=15 V, fpwm=20 kHz, Duty=50%, Applied to 450 | mA
PBS | current One PWM Signal Input for High Side :
VFoH Vce=15V, Vsc=0 V, Vro Circuit: 4.7 KW to 5 V Pull-up 4.5
Fault Output Voltage — \%
VroL Vce=15V, Vsc=1V, Vro Circuit: 4.7 KW to 5 V Pull-up 0.5
Vscreny | Short-Circuit Trip Level |Vcc=15 V©® CSC - COM(L) 043 | 050 | 057 | V
UVcep Detection Level 10.3 12.8
UVccr | Supply Circuit, Reset Level 10.8 13.3
Under-Voltage - \%
UVBsd | protection Detection Level 9.5 12.0
UVasr Reset Level 10.0 125
trop Fault-Out Pulse Width 50.0 us
Vinon) | ON Threshold Voltage ) 2.6
Applied between IN(xH) - COM(H), IN(xL) - COM(L) \%
Vinorr) | OFF Threshold Voltage 0.8
Note:

6. Short-circuit current protection is functioning only at the low-sides IGBTSs.

3 Package

Since heat dissipation is an important factor limiting the
power Module’s current capability, the heat dissipation
characteristics of a package are important in determining
the performance. A trade-off exists among heat dissipation
characteristics, package size, and isolation characteristics.
The key to good package technology lies in the
optimization package size while maintaining outstanding
heat dissipation characteristics without compromising the
isolation rating.

EMC (Epoxy Mold Compond)

Copper Layer
Copper Layer

Ceramic Layer

Figure 8. Vertical Structure of SPM 3 Package

In SPM 3 package, technology was developed with DBC
substrate that resulted in good heat dissipation
characteristics. Power chips are attached directly to the
DBC substrate. This technology is applied SPM 3 package,
achieving improved reliability and heat dissipation.

Figure 8 show vertical structure of SPM 3 package and
Figure 9 ~ Figure 12 shows the package outline regarding
isolation distance.

| .

| | T @ e |
N —t— | 1 I s 7
il | i
/' 1. Clearance Distance of Power ahd Signal Lead : 3.10mm)||
11| 2. Creepage Distance of Power Lead : 4.23mm I
||| 3. Creepage Distance of Signal Lead 1: 6.91mm ]
|| 4. Creepage Distance of Signal Lead 2: 4.63mm I It
Power Signai Signal
Lead Lead 2 Lead 1
Figure 9. Isolation Distance between Heatsink and

Pins
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et Wt WU
1. Creepage Distance: 4.62mm

2. Clearance Distance: 4.42mm
3. Clearance Distance: 6.32mm

Lo ’ o]

Sk

[l i I { I
AR Rdd i
\ | I I |
[ I

o) |
1. Clearance Distance: J}.13 mm
2. Clearance Distance: 4.00 mm
3. Creepage Distance: 5.34 mm

@

.

Figure 10. Isolation Distance between Power Pins

_ﬂf@iﬂ__#l__,

EAIRGHILE

Unit : mm

0 Dummy Lead to Washer ( 96.0)
-. D1 : Clearance/Creepage distance 4.29mm
-.D2 : Clearance /Creepage distance 6.58mm

Figure 11. Isolation Distance between Live Dummy Pins
and Mounting Screw

Table 10. Mechanical Characteristics and Ratings

Figure 12. Isolation Distance between Signal Pins and
High Potential Pins

o Value _
Parameter Conditions - Unit
Min. | Typ. | Max.
Device Flatness See Figure 13 0 +150 pm
Recommended 0.7 N-m 0.6 0.7 0.8 N-m
Mounting Torque Mounting Screw: M3
Recommended 7.1 kg-cm 6.2 7.1 8.1 kg-cm
Terminal Pulling Strength | Load 19.6 N 10 S
Terminal Bending Strength |Load 9.8 N, 90° Bend 2 Times
Weight 15 g
(+)
L |
| |
d i) U o b
| R e
| T~ -
| ~_ -
//><\_ (+)
I T~
e- o ma iy
o) s}
L L L LT UUU

Figure 13. Flatness Measurement Position
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3.1 Thermal Impedance

T, Te T, Ta
AN MO
i Rem L i Recn i Reha
Po ‘i C]c Reda Z:: ‘i Cen i Cha
| 1P 1
; iy ;
[
Being ignored Transient impedance

of each section

Figure 14. Transient Thermal Equivalent Circuit with
a Heatsink

Figure 14 shows the thermal equivalent circuit of a SPM®

package mounted on a heatsink. For sustained power
dissipation Pp at the junction, the junction temperature T;
can be calculated as;

T, = PD(Réjc +Rpp + Raa) + T, (1)

Where T, is the ambient temperature and Rejc, Rech, and
Rena represent the thermal resistance from the junction-to-
case, case-to-heat sink, and the heat sink-to-ambient for
each IGBT and diode within the SPM packages,
respectively. Referencing Figure 14, the dotted component
of Reca can be ignored due to its large value.

From equation (1), it is evident that for a limited Tjmax
(150°C). Pp can be increased by reducing Rena. This means
that a more efficient cooling system will increase the
power dissipation capability of SPM packages. An infinite
heat sink will result if Rech and Rena are reduced to zero and
the case temperature T. is locked at the fixed ambient
temperature Ta.

In practical operation, the power loss Pp is cyclic and
therfore the transient RC equivalent circuit shown in
Figure 14 should be considered. For pulsed power loss, the
thermal capacitance effect delays the rise in junction
temperature, and thus permits a heavier loading of the SPM
package. Figure 15 shows thermal impedance curves of
FSBB10CH120D. The thermal resistance goes into
saturation in about 10 seconds. Other kind of SPM
packages also shows similar characteristics.
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S 10
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N- 08
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Zth(J-C)fFRD
24 Sl
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Z, @)

1.2

i
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(1) Thermal Impedance Graph of IGBT

(2) Thermal Impedance Graph of FRD

Figure 15. Thermal Impedance Graphs (FSBB10CH120D)
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3.2 Detailed Package Outline Drawings
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3.3 Marking Information
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*NOTE

1. F : FAIRCHILD LOGO(STYLE & SIZE : SEE SPEC BD2249)
2. XXX : LAST 3 DIGITS OF LOT NO{OPTION CODE)
3. YWW : WORK WEEK CODE ("Y" REFERS TO THE RIGHT ALPHABET
CHARACTER TABLE)
4. Hole Side Marking :
-.FA :FSBB10CH120DF(Product name)
-. XXX : Last 3 digits of Lot No.
- YWW : Work Week Code("Y" Refers to the right alphabet character table)
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Figure 16. Marking Information
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4 Operating Sequence for Protections
4.1 Short-Circuit Current Protection (SCP)

Motion SPM® 3 module uses a shunt resistor for the short
circuit current detection, as shown in Figure 17. LVIC has
a built-in short-circuit current protection function. This
protection function senses the voltage to the CSC pin. If
this voltage exceeds the Vscgen (the threshold voltage trip
level of the short-circuit) specified in the device datasheets
(Vscen, typ. is 0.5 V), a fault signal is asserted and the all

low side IGBTSs are turned off. Typically, the maximum
short-circuit current magnitude is gate-voltage dependent:
higher gate voltage (Vcc & Ves) results in larger short-
circuit current. To avoid potential problems, the maximum
short-circuit trip level is set below 1.7 times the nominal
rated collector current. The LVIC short-circuit current
protection-timing chart is shown in Figure 18.

-

N

p! Motion SPM
& Py

Isc (Short-Circuit Current)

R
HVIC [
A $4
UH VH WH ¢ LT
¢ w
—=C T
2
Short
Circuit !
Operates protection function. (All LS IGBTs are shut-down)
LPF SCTrip Level : V.
Circuit L Re Resunt rip Level : Vscrer)
L of SCP T Csc
<7
v
Isc (Short-circuit Current)

- J

Figure 17. Operation of Short-Circuit Current Protection

]

Lower arms
control input

-

Protection

. ) T RESET
circuit state

Soft turn-off for small

IC filtering < 500 ns

C Reference Voltage

Sensing Voltage

voltage spike (to prevent of
Lower arms A4 L*di/dt effect)
gate input A3 :
A2 ]
SC ——————— | External filter delay +
o / internal IC delay + IGBT off
External filteris e delay < SCWT (typical 2 ~ 3
recommended with 1 ~ 2 ps us)
Al i
Output Current A8

N\ ¢

trop — |

Figure 18. Timing Chart of Short-Circuit Current Protection Function

Fault-out duration (trop):
min. 50ps.

Fault Output Signal

Notes:

7. Al-normal operation: IGBT on and carrying current.

8. A2-short-circuit current detection (SC trigger).

9. A3-hard IGBT gate interrupt.

10. A4-IGBT turns OFF by soft-off function.

11. Ab5-fault output timer operation start with internal delay (typ. 3.0 ys), troo=min. 50 ps.

12. A6-input “L”: IGBT OFF state.

13. A7-input “H”: IGBT ON state, but during the active period of fault output the IGBT doesn’t turn ON.
14. A8-IGBT keeps OFF state.

www.onsemi.com
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4.2 Under-Voltage Lockout Protection

The LVIC has an under-voltage lockout protection (UVLO) function to protect the low-side IGBTs from operation with
insufficient gate driving voltage. A timing chart for this protection is shown in Figure 19.

i<
Input Signal J
« —t Built-in typ.10 ps
. o filter to prevent
P”’tecgg:ec”cu” RESET SET RESET malfunction by noise.
J— A
UVccr fltering
B1 B6| )
Control UVeds 53 Fault-out duration
Needed LOW-to-HIGH | PP Yoltage (tron): keep fault signal
7 (0 V) until recover Ve

input transition to turn B2
0r$IGBT again. TRe tart V/\/\ B4 and teon.
(1) ' \

(Edge Trigger)
Output Current " y
i All low-side IGBT
High-level (no fault output) ¥ gate are locked with
B5
Fault Output Signal ¢ Vo output.

Figure 19. Timing Chart of Low-Side Under-Voltage Protection Function

Notes:

15. B1-control supply voltage rise: after the voltage rises UVccr, the circuits starts to operate when the next input is applied.

16. B2-normal operation: IGBT ON and carrying current.

17. B3-under-voltage detection (UVccp).

18. B4-IGBT OFF in spite of control input is alive.

19. B5-fault output signal starts.

20. B6-under-voltage reset (UVccr).

21. B7-normal operation: IGBT ON and carrying current. If fault-out duration (troo=min.50us) is longer than UVccr timing,
fault output and IGBT state are cleared after trop.

The HVIC has an under-voltage lockout function to protect the high-side IGBT from insufficient gate driving voltage.
A timing chart for this protection is shown in Figure 20. A fault-out (FO) alarm is not given for low HVIC bias conditions.

Input Signal J L
«
P“’tecgt"ar:ec”‘:”“ RESET SET RESET |+ | Built-in 11 ps filter to
J— A | 1 prevent malfunction
UVase Fiefing by noise.
Control c1 UVesp CH
Supply Voltage C3
Needed LOW-to-HIGH
input transition to turn ot c2 ca c6
3 ar y
(()IngGB;' _agalr;. vl High-side IGBT gate
e Trigger, ; ;
9 99 Output Current > is Itoclied without Vo
. output.
. A G
High-level (no fault output) iz

Fault Output Signal
Figure 20. Timing Chart of High-Side Under-Voltage Protection Function

Notes:

22. C1i-control supply voltage rises: after the voltage reaches UVasr, the circuit starts when the next input is applied.
23. C2-normal operation: IGBT ON and carrying current.

24. C3-under-voltage detection (UVssb).

25. C4-IGBT OFF in spite of control input is alive, but there is no fault output signal.

26. C5-under-voltage reset (UVssr).

27. C6-normal operation: IGBT ON and carrying current.
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5 Key Parameter Design Guidance

For stable operation, there are recommended parameters
for passive components and bias conditions, considering
operating characteristics of Motion SPM® 3 module.

5.1 Shunt Resistor Selection at N-
Terminal for Current Sensing &
Protection

Figure 21 shows a recommended circuitry for over-current
& short-circuit protection. The external RC time constant
from the N-terminal shunt resistor to CSC must be lower
than 2 ps when over load condition is detected for a stable
shutdown.

r

HVIC
. Level Shift
. Gate Drive

. UVLO
VS |

vce LVIC
. Gate Drive
VFO .UVLO

H .SCP

RSHUNT
+ -

COM [CsC
+ ¥

Vese == oo Re

]
e Short Circuit
% Current (Isc)

v

e

High side
. Level Shift
. Gate Drive
.UvLO

/1

VDD

Low side

|_ . Gate Drive
.UVLO

. SCP

VF

+¢ Short Circuit
Current (Isc)

CcoM csC

R.
Voltage W
Follower

= = =

Figure 21. Recommended Circuitry for Over-Current &
Short-Circuit Protection

Table 11. OCP & SCP Level (Vscgen) Specification

Table 12. Operating Short-Circuit Current Range
(RSHUNT:24-4 mQ (Min.), 25.7 mQ (Typ),
27 mQ (Max.)) (see the equations below)

Conditions Min. | Typ. | Max. | Unit

Operating SC Level at

Ta25eC 16 | 195 | 225 | A

Conditions Min. | Typ. | Max. | Unit

Specification at

T/o95°C. Veem1sy | 045 | 050 | 055 |V

(Table 11 and 12 are based on FSBB15CH120DF)
In case of one shunt, the value of shunt resistor is
calculated by the following equations.
Maximum current trip level (depend on user selection):
Iscmax) = 1.5 X lc(max)
SC trip reference voltage (depends on datasheet):
Vscrey = min. 0.45V, typ. 0.5V, max. 0.55V
Shunt resistance:
Iscimax) = Vsc(max) / RsHunT(min) PRsHUNT(min) =
Vscmax) / Iscmax)
If the deviation of the shunt resistor is limited below + 5%:
RsHunt@yp) = Rshuntminy / 0.95,
RsHunT(may=RsnunTtyp) X 1.05
Actual SC trip current level becomes:
Iscayp) = Vscayp) / RsHunteyp), Iscminy =
Vscminy / RsHunT(max)

Inverter OUtpUt power:
‘/ \ in
Vo.LL= \/—z X MI X %Lk

Pour=v3 XV, ,; X Ipys X PF
where:
Vo,.L = Inverter Output Voltage between line to line;
MI = Modulation Index

Irms = Maximum load current of inverter; and
PF = Power Factor

Average DC current
loc_ave = (Pour X Eff) / Voc_Link
where:

Eff = Inverter efficiency

The power rating of shunt resistor is calculated by the
following equation:

Pstunt = (I%pc_ave X Rshunt X Margin) /
Derating Ratio
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where:
Rsnunt=Shunt resistor typical value at Tc=25°C

Derating Ratio=Derating ratio of shunt resistor
at Tshunt=100°C

(From datasheet of shunt resistor); and

Margin = Safety margin (determined by user)

v' Shunt Resistor Calculation Examples

Calculation Conditions:

DUT: FSBB15CH120DF
Tolerance of shunt resistor: £5%
SC Trip Reference Voltage:

Vscmin = 0.45 V, Vsciyp = 0.50 V, Vscmax = 0.55 V
Maximum Load Current of Inverter (Irms): 7.5 Arms
Maximum Peak Load Current of Inverter (Icma): 10 A
Modulation Index(Ml) : 0.9
DC Link Voltage(Voc_vink): 600 V
Power Factor(PF): 0.8
Inverter Efficiency(Eff): 0.95
Shunt Resistor Value at Tc = 25°C (RshunT): 25.7 mQ
Derating Ratio of Shunt Resistor at Tsqunt=100°C: 70%
Safety Margin: 20%

Calculation Results:

Iscmaxy: 1.5 X lcmay = 1.5 X 15 A= 22.5 A

RsnHunT(min): Vscmax / lscimay = 0.55 V /22.5 A = 24.4 mQ
RsHunT(typ): RsHunt(miny / 0.95 = 24.4 mQ / 0.95 = 25.7 mQ
RsHunT(max): RstunTyp) X 1.05 = 25.7 mQ x 1.05 = 27 mQ
Iscminy © Vscmin / RsHunt(max = 0.45 V / 27 mQ = 16.6 A
Isciyp) : Vsciyp) / Rsiuntyp) = 0.5V /25.7 mQ = 19.5 A

_V3 Vpc_Link _ V3 _
VoL = 7 X MI x — -5 X 0.9 X 300=330.7V

Pout = V3 X Vg 1. X Ipms X PF = 3437 W

Ioc_ave = (Pout/Eff) / Voc_Link = 6.03 A

Pstunt = (IPoc_ave X Rsnunt X Margin) / Derating Ratio
= (6.032 x 0.0257 x 1.2)/0.7 = 1.6 W (Therefore,

the proper power rating of shunt resistor is over 2 W)
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Figure 22. Derating Curve Example of Shunt Resistor

(from RARA Elec.)

o 20 40 60

5.2 Time Constant of Internal Delay

Figure 23 is timing diagram of 1200V Motion SPM 3
module for Short-Circuit Protection (SCP) circuit
operation. An RC filter is prevents noise-related SCP
circuit malfunction. The RC time constant is determined by
the applied noise time and the Short-Circuit Withstanding
Time (SCWT) of Motion SPM 3 module. When the Vcsc
voltage exceeds the SCP level, this is applied to the CSC
pin via the RC filter. The RC filter delay (T1) is the time
required for the CSC pin voltage to rise to the referenced
SCP level. The LVIC has an internal filter time (logic filter
time for noise elimination: T2). Consider this filter time
when designing the RC filter of Vcsc.

\4

Y

TS5

> T4

AAAA
Y

Y

T3

A
Y

T1 | T2

VIN

Lout

VCSC

Isc

Veo

Figure 23. Timing Diagram

Notes:

28. Vin: Voltage of input signal.

29. Lourt: VecE of low-side IGBT.

30. Vcsc: Voltage of CSC pin.

31. Isc: Short-circuit current.

32. Vro: Voltage of VFO pin.

33. T1: filtering time of RC filter of Vcsc.

34. T2: filtering time of CSC. If Vcsc width is less than T2,
SCP does not operate.

35. T3: delay from CSC triggering to gate-voltage down.

36. T4: delay from CSC triggering to short-circuit current.

37. T5: delay from CSC triggering to fault-out signal.

www.onsemi.com
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Table 13. Time Table on Short-Circuit Conditions:
Vesc to Lour, Isc, Vo

Device Under Typ. at Typ. at Max. at
Test T,=25°C | T,=150°C | T,=25°C
T2=0.25 ys | T2=0.09 ps o
Considering
FSBB10CH120D | T3=0.62 ps | T3=0.57 ps +20%
FSBB10CH120DF | T4=3 us T4=3.3 ps | Dispersion,
T4=3.6 us
T5=4.1 us | T5=4.25 us

Note:

38. To guarantee safe short-circuit protection under all
operating conditions, Csc should be triggered within
1.0 ys after short-circuit occurs. (Recommendation:
SCWT < 5.0 us, Conditions: Vpc=800 V, Vcc=16.5V,
T,=150°C).

It is recommended that delay from short-circuit to CSC

triggering should be minimized

5.3 Soft Turn-Off

An LVIC soft turn-off function protects the low side
IGBTs from over voltage of Ven (supply voltage) by
“short-circuit hard off,” which is when IGBTs are turned
off by short input signal before the SCP function under
short-circuit condition. In this case, Vpn rapidly rises by
fast and big di/dt of Isc (short-circuit current). This kind of
rapid rise of Vpy can cause destruction of IGBT by over-
voltage. Therefore, soft-off function prevents IGBT rapid
turning off by slow discharging of Vee (gate-to-emitter
voltage of IGBT).

An internal block diagram of LVIC and operation sequence
of soft turn-off function is shown in Figure 24 and Figure
25. This function operates by two internal protection
functions (UVLO and SCP). When the IGBT is turned off
in normal conditions, LVIC turns off the IGBT
immediately by turn-off gate signal (IN(xL)) via gate
driver block. Pre-driver turn-on output buffer of gate driver
block, path @ . When the IGBT is turned off by a
protection function, the gate driver is disabled by the
protection function signal via output of protection circuit
(disable output buffer, high-Z) and output of the protection
circuit turn-on switch of the soft-off function. Vee (IGBT
gate-emitter voltage) is discharged slowly via circuit of

soft-off (path @).

~
UVLO LVIC
(Under-Voltage Lock Vee
SCP Output
(Short-circuit Current Buffer
Protection)
o LO
Pre
Restart (—1 [ ~—_>,E O
Gate Driver %
Timer |—¢—{ Soft-off veo
‘j‘;
LCFOD +

Figure 24. Internal Block Diagram of LVIC

~ v LVIC | IGBT )
Gate Driver| |
Pre Output
Driver Buffer
._ L on|log
Restart
off [TE]
A
V®
-
......... —4 Soft-off
Off
on
1
\

Figure 25. Operating Sequence of Soft Turn-Off

Figure 26 and Figure 27 show normal turn-off switching
operations performed satisfactorily at a Vpc=800 V with
the surge voltage between the P and N pins (Ven(surge)
limited to under 1000 V. The difference between the hard
and soft turn-off switching operation is also shown in
Figure 26 and Figure 27. The hard turn-off of the IGBT
creates a large overshoot (155 V). The DC-link capacitor
supply voltage should be limited to 800 V to safely protect
the 1200 V Motion SPM 3. A hard turn-off, with a duration
of less than 2 ps, may occur in the case of a short-circuit
fault. For a normal short-circuit fault, the protection circuit
becomes active and the IGBT is turned off softly to prevent
excessive overshoot voltage. An overshoot voltage of
<100 V occurs in this condition.

LeCroy|

Lin [5V/div.]

Vcesurce)=155V

/

.

Ic[5A/div.]

Turn off by Lin

Ven [200V/diV ] Time [200ns/div}
Figure 26. Turn-Off by Input
(FSBB10CH120D, Ref. Condition: Vpc=600 V, T3=25°C)

LeCroy|

Vcesurce =90V

il

Turn off by protection

Figure 27. Turn-Off by Soft Off Function
(FSBB10CH120D, Ref. Condition: Vbc=800 V, T;=25°C)
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5.4 Fault Output Circuit
Table 14. Fault-Output Maximum Ratings

Symbol Item Condition | Rating | Unit
Applied
Fault Output -0.3 ~
VFo between \%
Supply Voltage Vro-COM Vce+0.3
| Fault Output | Sink Current at 5 mA
Fo Current VFO Pin
Table 15. Electric Characteristics
Symbol | Item Conditions | Min. | Max. | Unit
Vce=15V,
Vsc=0, Vro
Vo Eault | Circuit: 4.7 kQ to 45 v
Sulpply Vee=15V,
Voltage | vsc=1V, Vro
VroL Circuit: 4.7 kQ to 05 v
5V Pull-Up

Because Vo terminal is an open-drain type; it should be
pulled up via a pull-up resistor. The resistor must satisfy
the above specifications.

0.40

T,=150[°C]
0.35

0.30

0.25

0.20

Vio [V]

0.15

0.10

0.05

0.00
0.0

02 04 06 08 10

I, [MA]

1.2 1.4 1.6 1.8 2.0

Figure 28. Voltage-Current Characteristics of
Vro Terminal

5.5 Circuit of Input Signal (IN(xH),
IN(XL))
Figure 29 shows the 1/O interface circuit between the
MCU and Motion SPM 3 product. Because the Motion
SPM 3 product input logic is active HIGH and there are
built-in pull-down resistors, external pull-down resistors
are not needed.

SV-Line Ve
; Motion SPM 3 Product
Rer=4.7kQ

I, Ny, N ot || Levershit | |
% Filter Circuit

SV
MCU

Gate
Driver

Typ. 5 kQ

Input
Noise
Filter

Gate
Driver

INwy, N, Ny by

Typ. 5 kQ
tineLn = Typ. 450 ns for turn on

+ Typ. 250 ns for turn off
VFO

T 77 W

: Cpp=1nFo
(com )

1

Figure 29. Recommended MCU I/O Interface Circuit

The input and fault output maximum rated voltages are
shown in Table 16. Since the fault output is open drain, its
rating is VCC+0.3V, 15V supply interface is possible.
However, it is recommended that the fault output be
configured with the 5V logic supplies, which is the same
as the input signals. It is also recommended that the de-
coupling capacitors be placed at both the MCU and Motion
SPM 3 product ends of the Veo signal line, as close as
possible to each device. The RC coupling at each input
(parts shown dotted in Figure 29) can be changed
depending on the PWM control scheme used in the
application and the wiring impedance of the PCB layout.

The input signal section of the 1200 V Motion SPM 3
module integrates a 5kQ (typical) pull-down resistor.
Therefore, when using an external filtering resistor
between the MCU output and the Motion SPM 3 series
input, attention should be given to the signal voltage drop
at the SPM 3 module input terminals to satisfy the turn-on
threshold voltage requirement. For instance, R = 100 Q and
C = 1 nF for the parts shown dotted in Figure 29.

Table 16. Maximum Ratings of Input and VFO Pins

Symbol ltem Condition Rating |Unit
Vin Input Signal Ap&l(leH(? ll)ﬁiv:een -0.3 ~ v
XH), XL) =
Voltage COM(x) Vce +0.3
Vro Falélhr?pl:;pm Applied between | -0.3 ~ Vv
Voltage Vro-COM(L) Vce +0.3
Table 17. Input Threshold Voltage Ratings
(Vcc:15 V, TJ:25°C)
Symbol Item Condition Min. | Max. | Unit
Turn-On
INwH), INvhy,
Vinon) | Threshold ” 2.6 \Y
Voltage INwH) - COM(H)
Turn-Off
INwb), INv,
Vinorr) | Threshold ’ 0.8 \Y
Voltage INww) - COM(L)

5.6 Bootstrap Circuit Design
5.6.1

The Vgs voltage, which is the voltage difference between
Ve (U, V, W) and Vs (U, V, W), provides the supply to the
HVIC within the Motion SPM 3 series. This supply must
be in the range of 13.0 V~18.5 V to ensure that the HVIC
can fully drive the high-side IGBT. The under-voltage
lockout protection for Vgs ensures that the HVIC does not
drive the high-side IGBT if the Vgs voltage drops below a
specific voltage (refer to the datasheet). This function
prevents the IGBT from operating in a high-dissipation
mode.

Operation of Bootstrap Circuit

There are a number of ways in which the Vgs floating
supply can be generated. One of them is the bootstrap
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method described here (refer to Figure 30). This method
has the advantage of being simple and inexpensive.
However, the duty cycle and on-time are limited by the
requirement to refresh the charge in the bootstrap
capacitor. The bootstrap supply is formed by a combination
of a bootstrap diode, resistor, and the current flow path of
the bootstrap circuit is shown in Figure 30. When Vs is
pulled down to ground (low-side IGBT turn-on or low-side
FRD freewheeling), the bootstrap capacitor (Cgs) is
charged through the bootstrap diode (Dgs) and the resistor
(Res) from the Vpp supply.

Motion SPM® 3

Des

VB

BAALan & VB P
CesT-T
AL HVIC
vCe
T o |—|
COM(H) V,
COM VS pc
v ] S
Vee L 2 o> _1__
rany
_ IVCC(L)
c T < vCe
VCC
= T LVIC |0 —| ':
ACOM(L COM
Y N +

Figure 30.Current Path of Bootstrap Circuit for the
Supply Voltage (Vss) of a HVIC when Low-
Side IGBT Turns On

5.6.2 Selection of Bootstrap Capacitor

Considering Initial Charging

Adequate on-time of the low-side IGBT to fully charge the
bootstrap capacitor is required for initial bootstrap
charging. The initial charging time (tcharge) can be
calculated by:

1 Vee
teharge™ Cas*Rps* = % In

2
&  Vee-VesminVF-Vis @

where:

Ve = Forward voltage drop across the bootstrap diode;
VBsmin) = The minimum value of the bootstrap voltage;
Css = Value of the bootstrap capacitor;

Vs = Voltage drop across the low-side IGBT or load; and

& = Duty ratio of PWM (0 ~ 1).

When the bootstrap capacitor is charged initially; Vcc drop
voltage is generated based on initial charging method, Vcc
line SMPS output current, Vcc source capacitance, and
bootstrap capacitance. If Vcc drop voltage reaches UVcep
level, the low side is shut down and a fault signal is
activated. To avoid this malfunction, related parameter and
initial charging method should be considered. To reduce
Vcc voltage drop at initial charging, a large Vcc source

capacitor and selection of optimized low-side turn-on
method are recommended. Adequate on-time duration of
the low-side IGBT to fully charge the bootstrap capacitor is
initially required before normal operation of PWM starts.

Figure 31 shows an example of initial bootstrap charging
sequence. Once Vcc establishes, Vs needs to be charged
by turning on the low-side IGBTs. PWM signals are
typically generated by an interrupt triggered by a timer
with a fixed interval, based on the switching carrier
frequency. Therefore, it is desired to maintain this structure
without creating complementary high-side PWM signals.
The capacitance of Vcc should be sufficient to supply
necessary charge to Vgs capacitance in all three phases. If a
normal PWM operation starts before Vgs reaches Vuvio
reset level, the high-side IGBTs cannot switch without
creating a fault signal. It may lead to a failure of motor
start in some applications. If three phases are charged
synchronously, initial charging current through a single
shunt resistor may exceed the over-current protection level.
Therefore, initial charging time for bootstrap capacitors
should be separated, as shown in Figure 32. The effect of
the bootstrap capacitance factor and charging method (low-
side IGBT driving method) is shown in Figure 33.

Bootstrap capacitor charging(W phase)

IN(WL)

-
I
|
I
I
I

Bootstrap capacitor charging(V phase) }

IR I
I
I
i
I
|
I
I}

I
I
I
I
i
IN(VL) }
i
I
!
I

Bootstrap capacitor charging(U phase)

IN(UL)

Bootstrap capacitor charging period System operating periode

Figure 32.Recommended Initial Bootstrap Capacitors
Charging Sequence
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IN(WL, VL, U0) [5V/div]

IN(WL, VL, UL) [5V/div.]

— - uamom Vro is activated by UVccep
== ————— I
| Vee [5V/div.] < _‘Z_—J
Ces=33uF Ve 5V/div] ‘ '
Cess=100pF

Ve-Vs [5V/div.]

All low side turns on -ﬁl low side turns on at
at a same time ' i ;

18

Time [2ms/div.] a same time

IN(WL, VL, UL) [5V/div.] « IN(WL) [5V/div.]
=== Vo is activated by UVccp i |
o e f
! | Veo [5V/div.] _
= Vec [5V/div.] — : = .
Cos=100yiF Ces=100uF

! Ve-Vs [5V/div.]
All low side turns on Ane Ic}w side turns on

at a same tlme I
Time [2ms/div.]

__ IR WWWMMW‘ MMMMMMMMMMWM&M

_ A/ ;
m s,
Ces=100uF Cas=100pF

\

All low Siqe turns on with . All low side turns on with
fsw—5kHZ,1 Duty=50% fsw=5kHz, Duty=25%

Figure 33.Initial Charging According to Bootstrap Capacitance and Charging Method
(Ref. Condition: Vcc=15 V/300 mA, Vcc Capacitor=220 uF, Bootstrap Capacitor=100 pF, Res=20 Q)
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5.6.3 Selection of Bootstrap Capacitor

Considering Operating

The bootstrap capacitance can be calculated by:

Ileak X At
C T e—
BS AVgs 3)
where:

At: maximum on pulse width of high-side IGBT;
AVgs: the allowable discharge voltage of the Cgs
(voltage ripple); and

ILeak: Maximum discharge current of the Cgs.

Mainly via the following mechanisms:

= Gate charge for turning the high-side IGBT on

= Quiescent current to the high-side circuit in HVIC

= Level-shift charge required by level-shifters in HVIC
= | eakage current in the bootstrap diode

= Cgs capacitor leakage current (ignored for non-
electrolytic capacitors)

= Bootstrap diode reverse recovery charge

Practically, 4.5 mA of I ca is recommended for the Motion
SPM 3 products.(Refer to lpss value in datasheet) By
considering dispersion and reliability, the capacitance is
generally selected to be 2~3 times the calculated one. The
Cass is only charged when the high-side IGBT is off and the
Vs voltage is pulled down to ground.

The on-time of the low-side IGBT must be sufficient to for
the charge drawn from the Cgs capacitor to be fully
replenished. This creates an inherent minimum on-time of
the low-side IGBT (or off-time of the high-side IGBT).

Calculation Examples of Bootstrap Capacitance A

Conditions : AV, =0.1 [V], I __ =4.5 [mA]
110

—— Minimum Value
100[uF] —— Recommend Value
Commercial Capacitance |

I *At)/AV,

chimin_( Leak

100 4

©
o
L

TLMITINN

©
=}
'

[ .

Continuous Sinusoidal Current Control

~
o
L

@
o
’

—
'Y
EXS
E;
2
o
§ ?
K] o
] b ‘
8 S04+ 47[wF]
8 =
7
[-%
] 40 1 ZB
5 _33[4F]
- Z
g 30 YY)
® . | 22pM
7 %
20+ 7 %
7 % 7 7 7
. o 0 10[pF
7
1o . / O[pF]
. _ i,
. - g
0 2 4 6 8 10 12 14 16 18 20

Switching Frequency, F_, [kHz]

Figure 34. Capacitance of Bootstrap Capacitor on
Variation of Switching Frequency

Based on switching frequency and recommended AVss

" ek Circuit current = 4.5 mA (recommended value)

" AVgs: discharged voltage = 0.1 V (recommended
value)

®  At: maximum on pulse width of high-side IGBT = 0.2
ms (depends on application)

leak XAt  4.5mAX0.2 _
CBS_min = IA‘;<B><S = mo.;(V == 9.0 x10 6
> More than 2 times (4)
> 18 uF (22 uF STD value)
Note:

39. The capacitance value can be changed according to
the switching frequency, the capacitor selected, and
the recommended Vss voltage of 13.0~18.5 V (from
datasheet). The above result is just a calculation
example. This value can be changed according to the
actual control method and lifetime of the component.

Calculation Examples of Bootstrap Capacitance B

Based on operating conditions, UVgs function, and
allowable recommended Vey)-Vs)

To avoid unexpected under-voltage protection and to keep
Vs within recommended value, bootstrap capacitance
should be selected based on the operating conditions.
Bootstrap voltage ripple is influenced by bootstrap resistor,
load condition, output frequency, and switching frequency.
Check the bootstrap voltage under the maximum load
condition in the system. Figure 35 shows example of V-
Vsx) ripple voltage during operation.

ide IGBT
hing & high side
ree wheeling area

High side IGBT
switching & low side

ax. VBS voltage
ecmmend : <18.5

Figure 35. Recommendation of Bootstrap Ripple
Voltage during Operation
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5.6.4 Selection of Bootstrap Diode

When high side IGBT or diode conducts, the bootstrap
diode (Dss) supports the entire bus voltage. A withstand
voltage higher than 1200V is recommended. It is
important that the diode should be a fast recovery
(recovery time < 100 ns) device to minimize the amount of
charge that is fed back from the bootstrap capacitor into the
Vce supply. Similarly, the high voltage reverse leakage
current is important if the capacitor has to store a charge
for long periods of time. Recommended diodes are as
below.

»  STM: STTH112(DO-41), STTH112U(SMB)
»  Vishay: EGF1T(DO-214BA), SF1200(SOD-57)

5.6.5 Selection of Bootstrap Resistor

A resistor Rgs must be added in series with the bootstrap
diode to slow down the dVgs/dt and to limit inrush current
at initial Cgs charging. It also determines the time to charge
the bootstrap capacitor. That is, if the minimum ON pulse
width of low-side IGBT or the minimum OFF pulse width
of high-side IGBT is to, the bootstrap capacitor has to be
charged AV during this period. Therefore, the value of
bootstrap resistance can be calculated by the following
equation.

R — (Voo —Ves ) X1
BS —
Cps X AV

®)

For the selection of Rgs, pulse power rating should be
considered for initial charging of bootstrap capacitor. To
use a large bootstrap capacitor, high pulse power rating is
required for the bootstrap resistor. An example of resistor
pulse power rating is shown in Figure 36.

®1Pulse Limiting Power Curve (e.g 100Q value for reference)

10.000 RBCE3
RPC50
RRC35
RPC32 RMC1
RPC20 RMC1/2|
5 1,000 ,M,CHE'“
2 MC178]
e MC1/10
8 Ty
S~
g 100 T — -7;
£ i&;& = — —
: ——
F _— —rk
—1—1{ || 1] ]
o i e e o N -E:
[

;
1 ° " pulse duration (ms) '™

Figure 36. Example of Pulse Power Curve of Resistor
(from KAMAYA OHM)
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5.7 Thermal Sensing Unit (TSU)

The junction temperature of power devices should not
exceed the maximum junction temperature. Even though
there is some margin between the Tjmax specified on the
datasheet and the Tjmax at which power devices are
destroyed, attention should be paid to ensure the junction
temperature stays well below the Tjmax. An NTC had to be
mounted on the heat sink or very close to the module if

over-temperature  protection was required in the
application.
5.7.1 Basic Concept

Thermal Sensing Unit (TSU) uses the technology based on
the temperature dependency of transistor Vge; Vae
decrease 2 mV as temperature increase 1°C.

The TSU has analog voltage output reflects the
temperature of the LVIC. The relationship between Vrs
voltage output and LVIC temperature is shown in Figure
38 and Table 18 shows the raw data. Also, the TSU have 2
kind of temperature profile, one is 0 ~ 150°C, another is -
25 ~ 125 °C. It does not have any self-protection function,
and, therefore, it should be used appropriately based on
application requirement. It should be noted that there is a
time lag from IGBT temperature to LVIC temperature. So
it is very difficult to respond quickly when temperature
rises sharply in a transient condition such as shoot-through
event. Even though TSU has some limitation, it will be
definitely useful in enhancing the system reliability.

Figure 37 shows the LVIC location of FSBB10CH120DF.

Location of Vg
function (LVIC)

Location of Power
Silicon (IGBT)

Figure 37. Location of Vrs Function (LVIC)

Temperature Sensing Voltage, V _[V]

Temperature Sensing Voltage, V _[V]

4.0

3.5+

3.0

25

2.0

1.5

1.0
0.5
0.0

-0.5

4.0

351

3.0

25

2.0

15

1.0

0.5

0.0

(

LVIC Temperature, T, ['C]
b) FSBBxxCH120DF

FSBB10CH120D
Max.V
—Typ.V,
Min.V. Typ. 2.52V@120°C /lé
""""""""""""""""""""""""""""""""""" ]
12045°
Typ. 1.72V@80° C /A
""""""""""""""""""""" 7/{ u
,%
Typ. 0 szvmy/ ~d
---------- //’ 20£5°C
-20 0 20 40 60 80 100 120 140 160
LVIC Temperature, T, . [°C]
(a) FSBBXxCH120D
FSBB10CH120DF
Max.V
—Typ-Vy,
| Min.V
N Typ. 2.48V@100°C “
100+5°
Typ. 1.48V@50°C /
v 500
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
50£5°C
A
Typ. 0.48V@0°C =
7777777777777777 0+5°
-40 -20 0 20 40 60 80 100 120 140

Figure 38. LVIC Temperature vs. V1s Graph
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Figure 39 shows the equivalent circuit diagram of TSU
inside IC and a typical application diagram. This output
voltage is clamped to 5.2 V by an internal Zener diode, but
in case the maximum input range of Analog to Digital
converter of MCU is below 5.2 V, an external Zener diode
should be inserted between an A/D input pin and the
analog ground pin of MCU. An amplifier can be used to
change the range of voltage input to the Analog to Digital
converter to have better resolution of the temperature. It is
recommended to add a ceramic capacitor of 1000 pF
between V1s and Com (Ground) to make the Vs more
stable.

Temperature +
Sensing
Voltage

L 100Kohm
2.5Kohm 2

v

Figure 39. Internal Block Diagram and Interface
Circuit of TSU

15v
VCC VTS
LVIC Current Sweep,
v Its (0 ~ 200 pA)
COM
i v

(a) Test Methods.

03 —Vits at 25°C

Its[uA]

(b) Test Result

Figure 40. Load Variation of V1s

Figure 40 shows the sourcing capability of Vs pin at 25°C
and the test method. Vs voltage decreases as the sourcing
current increases. Therefore, the load connected to Vs pin
should be minimized to maintain the accurate voltage
output level without degradation. The relationship between
Vs voltage and LVIC temperature can be expressed as the
following equations.

[FSBB10CH120D]

VTS,min = 0.02*TLVIC + 0.140 - 0.100 [V] 6)
VTS typ = 0.02*TLVIC + 0.140 [V] @
VTS,max = 0.02*TLVIC + 0.140 + 0.100 [V] ®)
[FSBBXXCH120DF]

Vs min = 0.02*T o + 0.480 - 0.100 [V] ©)
Virsiyp = 0.02%T e + 0.480 [V] (10)
Vrsmax = 0.02%T o + 0.480 + 0.100 [V] (11)

The maximum variation of Vs is + 0.1V due to process
variation which is equivalent £5°C approximately. This is
regardless of the temperature because the slopes of three
lines are identical. If the ambient temperature information
is available, for example, through NTC in the system, Vs
can be measured to adjust the offset before the motor starts
to operate.

As temperature decrease further below 0°C (-25°C), Vs
decreases linearly until it reaches zero volts. If the
temperature of LVIC increases above 150°C (125°C),
which is above the maximum operating temperature, Vs
would increase theoretically up to 5.2V until it gets
clamped by the internal Zener diode.
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Table 18. (a) V1s Table of FSBB10CH120D

LSS Y B v o VA I v B MV B B vl LA B S
0 | 0040 | 0140 | 0240 | 38 | 0.800 | 0.900 | 1.000 | 76 | 1.560 | 1.660 | 1.760 | 114 | 2.320 | 2.420 | 2.520
1 | 0060 | 0.160 | 0260 | 39 | 0.820 | 0.920 | 1.020 | 77 | 1.580 | 1.680 | 1.780 | 115 | 2.340 | 2.440 | 2.540
2 | 0080|0180 | 0280 | 40 | 0840 | 0.940 | 1.040 | 78 | 1.600 | 1.700 | 1.800 | 116 | 2.360 | 2.460 | 2.560
3 | 0100|0200 | 0300| 41 | 0860 | 0.960 | 1.060 | 79 | 1.620 | 1.720 | 1.820 | 117 | 2.380 | 2.480 | 2.580
4 | 0120 | 0220 0320 | 42 | 0880 | 0.980 | 1.080 | 80 | 1.640 | 1.740 | 1.840 | 118 | 2.400 | 2.500 | 2.600
5 | 0140 | 0.240 | 0340 | 43 | 0.900 | 1.000 | 1.100 | 81 | 1.660 | 1.760 | 1.860 | 119 | 2.420 | 2.520 | 2.620
6 | 0160 | 0.260 | 0.360 | 44 | 0.920 | 1.020 | 1.120 | 82 | 1.680 | 1.780 | 1.880 | 120 | 2.440 | 2.540 | 2.640
7 | 0180 | 0.280 | 0380 | 45 | 0.940 | 1.040 | 1.140 | 83 | 1.700 | 1.800 | 1.900 | 121 | 2.460 | 2.560 | 2.660
8 | 0200 | 0300|0400 | 46 | 0960 | 1.060 | 1.160 | 84 | 1.720 | 1.820 | 1.920 | 122 | 2.480 | 2.580 | 2.680
9 022003200420 47 | 0980 | 1.080 | 1.180 | 85 | 1.740 | 1.840 | 1.940 | 123 | 2.500 | 2.600 | 2.700
10 | 0.240 | 0.340 | 0440 | 48 | 1.000 | 1.100 | 1.200 | 86 | 1.760 | 1.860 | 1.960 | 124 | 2.520 | 2.620 | 2.720
11 | 0.260 | 0.360 | 0460 | 49 | 1.020 | 1.120 | 1.220 | 87 | 1.780 | 1.880 | 1.980 | 125 | 2.540 | 2.640 | 2.740
12 | 0280 | 0.380 | 0.480 | 50 | 1.040 | 1.140 | 1.240 | 88 | 1.800 | 1.900 | 2.000 | 126 | 2.560 | 2.660 | 2.760
13 | 0.300 | 0.400 | 0.500 | 51 | 1.060 | 1.160 | 1.260 | 89 | 1.820 | 1.920 | 2.020 | 127 | 2.580 | 2.680 | 2.780
14 | 0320 | 0420 | 0520 | 52 | 1.080 | 1.180 | 1.280 | 90 | 1.840 | 1.940 | 2.040 | 128 | 2.600 | 2.700 | 2.800
15 | 0340 | 0.440 | 0.540 | 53 | 1.100 | 1.200 | 1.300 | 91 | 1.860 | 1.960 | 2.060 | 129 | 2.620 | 2.720 | 2.820
16 | 0.360 | 0.460 | 0.560 | 54 | 1.120 | 1.220 | 1.320 | 92 | 1.880 | 1.980 | 2.080 | 130 | 2.640 | 2.740 | 2.840
17 | 0380 | 0480 | 0.580 | 55 | 1.140 | 1.240 | 1.340 | 93 | 1.900 | 2.000 | 2.100 | 131 | 2.660 | 2.760 | 2.860
18 | 0.400 | 0.500 | 0.600 | 56 | 1.160 | 1.260 | 1.360 | 94 | 1.920 | 2.020 | 2.120 | 132 | 2.680 | 2.780 | 2.880
19 | 0420 | 0520 | 0.620 | 57 | 1.180 | 1.280 | 1.380 | 95 | 1.940 | 2.040 | 2.140 | 133 | 2.700 | 2.800 | 2.900
20 | 0440 | 0.540 | 0.640 | 58 | 1.200 | 1.300 | 1.400 | 96 | 1.960 | 2.060 | 2.160 | 134 | 2.720 | 2.820 | 2.920
21 | 0460 | 0.560 | 0.660 | 59 | 1.220 | 1.320 | 1.420 | 97 | 1.980 | 2.080 | 2.180 | 135 | 2.740 | 2.840 | 2.940
22 | 0480 | 0.580 | 0.680 | 60 | 1.240 | 1.340 | 1.440 | 98 | 2.000 | 2.100 | 2.200 | 136 | 2.760 | 2.860 | 2.960
23 | 0500 | 0.600 | 0.700 | 61 | 1.260 | 1.360 | 1.460 | 99 | 2.020 | 2.120 | 2.220 | 137 | 2.780 | 2.880 | 2.980
24 | 0520 | 0.620 | 0.720 | 62 | 1.280 | 1.380 | 1.480 | 100 | 2.040 | 2.140 | 2.240 | 138 | 2.800 | 2.900 | 3.000
25 | 0540 | 0.640 | 0.740 | 63 | 1.300 | 1.400 | 1.500 | 101 | 2.060 | 2.160 | 2.260 | 139 | 2.820 | 2.920 | 3.020
26 | 0560 | 0.660 | 0.760 | 64 | 1.320 | 1.420 | 1.520 | 102 | 2.080 | 2.180 | 2.280 | 140 | 2.840 | 2.940 | 3.040
27 | 0580 | 0.680 | 0.780 | 65 | 1.340 | 1.440 | 1.540 | 103 | 2.100 | 2.200 | 2.300 | 141 | 2.860 | 2.960 | 3.060
28 | 0.600 | 0.700 | 0.800 | 66 | 1.360 | 1.460 | 1.560 | 104 | 2.120 | 2.220 | 2.320 | 142 | 2.880 | 2.980 | 3.080
29 | 0620 | 0.720 | 0.820 | 67 | 1.380 | 1.480 | 1.580 | 105 | 2.140 | 2.240 | 2.340 | 143 | 2.900 | 3.000 | 3.100
30 | 0.640 | 0.740 | 0840 | 68 | 1.400 | 1.500 | 1.600 | 106 | 2.160 | 2.260 | 2.360 | 144 | 2.920 | 3.020 | 3.120
31 | 0.660 | 0.760 | 0.860 | 69 | 1.420 | 1.520 | 1.620 | 107 | 2.180 | 2.280 | 2.380 | 145 | 2.940 | 3.040 | 3.140
32 | 0680 | 0.780 | 0.880 | 70 | 1.440 | 1.540 | 1.640 | 108 | 2.200 | 2.300 | 2.400 | 146 | 2.960 | 3.060 | 3.160
33 | 0700 | 0.800 | 0.900 | 71 | 1.460 | 1.560 | 1.660 | 109 | 2.220 | 2.320 | 2.420 | 147 | 2.980 | 3.080 | 3.180
34 | 0720 | 0.820 | 0920 | 72 | 1.480 | 1.580 | 1.680 | 110 | 2.240 | 2.340 | 2.440 | 148 | 3.000 | 3.100 | 3.200
35 | 0740 | 0.840 | 0.940 | 73 | 1.500 | 1.600 | 1.700 | 111 | 2.260 | 2.360 | 2.460 | 149 | 3.020 | 3.120 | 3.220
36 | 0760 | 0.860 | 0.960 | 74 | 1520 | 1.620 | 1.720 | 112 | 2.280 | 2.380 | 2.480 | 150 | 3.040 | 3.140 | 3.240
37 | 0780 [ 0.830 [ 0980 | 75 | 1540 | 1640 [ 1740 | 113 | 2:300 | 2400 | 2500 |GG
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Al W@ M T | M T M | v T W || ™
20 | 0.000 | 0.080 | 0.180 | 17 | 0.720 | 0.820 | 0.920 | 54 | 1.460 | 1.560 | 1.660 | 91 | 2.200 | 2.300 | 2.400
-19 | 0.000 | 0.100 | 0.200 | 18 | 0.740 | 0.840 | 0.940 | 55 | 1.480 | 1.580 | 1.680 | 92 | 2.220 | 2.320 | 2.420
18 | 0.020 | 0.120 | 0220 | 19 | 0.760 | 0.860 | 0.960 | 56 | 1.500 | 1.600 | 1.700 | 93 | 2.240 | 2.340 | 2.440
17 | 0.040 | 0.140 | 0240 | 20 | 0.780 | 0.880 | 0.980 | 57 | 1.520 | 1.620 | 1.720 | 94 | 2.260 | 2.360 | 2.460
-16 | 0.060 | 0.160 | 0.260 | 21 | 0.800 | 0.900 | 1.000 | 58 | 1.540 | 1.640 | 1.740 | 95 | 2.280 | 2.380 | 2.480
15 | 0.080 | 0.180 | 0.280 | 22 | 0.820 | 0.920 | 1.020 | 59 | 1.560 | 1.660 | 1.760 | 96 | 2.300 | 2.400 | 2.500
-14 | 0.100 | 0.200 | 0.300 | 23 | 0.840 | 0.940 | 1.040 | 60 | 1.580 | 1.680 | 1.780 | 97 | 2.320 | 2.420 | 2.520
13 | 0120 | 0.220 | 0320 | 24 | 0.860 | 0.960 | 1.060 | 61 | 1.600 | 1.700 | 1.800 | 98 | 2.340 | 2.440 | 2.540
212 | 0140 | 0240 | 0340 | 25 | 0.880 | 0.980 | 1.080 | 62 | 1.620 | 1.720 | 1.820 | 99 | 2.360 | 2.460 | 2.560
<11 | 0.160 | 0.260 | 0.360 | 26 | 0.900 | 1.000 | 1.100 | 63 | 1.640 | 1.740 | 1.840 | 100 | 2.380 | 2.480 | 2.580
-10 | 0180 | 0.280 | 0.380 | 27 | 0.920 | 1.020 | 1.120 | 64 | 1.660 | 1.760 | 1.860 | 101 | 2.400 | 2.500 | 2.600
-9 | 0.200 | 0.300 | 0.400 | 28 | 0.940 | 1.040 | 1.140 | 65 | 1.680 | 1.780 | 1.880 | 102 | 2.420 | 2.520 | 2.620
-8 | 0220 | 0320 | 0420 | 29 | 0.960 | 1.060 | 1.160 | 66 | 1.700 | 1.800 | 1.900 | 103 | 2.440 | 2.540 | 2.640
-7 | 0240 | 0.340 | 0.440 | 30 | 0.980 | 1.080 | 1.180 | 67 | 1.720 | 1.820 | 1.920 | 104 | 2.460 | 2.560 | 2.660
-6 | 0.260 | 0.360 | 0.460 | 31 | 1.000 | 1.100 | 1.200 | 68 | 1.740 | 1.840 | 1.940 | 105 | 2.480 | 2.580 | 2.680
-5 | 0280|0380 | 0480 | 32 | 1.020 | 1.120 | 1.220 | 69 | 1.760 | 1.860 | 1.960 | 106 | 2.500 | 2.600 | 2.700
-4 | 0.300 | 0400 | 0.500 | 33 | 1.040 | 1.140 | 1.240 | 70 | 1.780 | 1.880 | 1.980 | 107 | 2.520 | 2.620 | 2.720
-3 | 0320|0420 | 0520 | 34 | 1.060 | 1.160 | 1.260 | 71 | 1.800 | 1.900 | 2.000 | 108 | 2.540 | 2.640 | 2.740
-2 | 0340 | 0440 | 0540 | 35 | 1.080 | 1.180 | 1.280 | 72 | 1.820 | 1.920 | 2.020 | 109 | 2.560 | 2.660 | 2.760
-1 | 0360 | 0460 | 0.560 | 36 | 1.100 | 1.200 | 1.300 | 73 | 1.840 | 1.940 | 2.040 | 110 | 2.580 | 2.680 | 2.780
0 | 0380|0480 |0580 | 37 | 1120 | 1.220 | 1.320 | 74 | 1.860 | 1.960 | 2.060 | 111 | 2.600 | 2.700 | 2.800
1 | 0400 [ 0500 [ 0.600 | 38 | 1.140 | 1.240 | 1.340 | 75 | 1.880 | 1.980 | 2.080 | 112 | 2.620 | 2.720 | 2.820
2 0420 | 0520 | 0620 | 39 | 1.160 | 1.260 | 1.360 | 76 | 1.900 | 2.000 | 2.100 | 113 | 2.640 | 2.740 | 2.840
3 | 0440 | 0540 | 0.640 | 40 | 1.180 | 1.280 | 1.380 | 77 | 1.920 | 2.020 | 2.120 | 114 | 2.660 | 2.760 | 2.860
4 | 0.460 | 0560 | 0.660 | 41 | 1.200 | 1.300 | 1.400 | 78 | 1.940 | 2.040 | 2.140 | 115 | 2.680 | 2.780 | 2.880
5 | 0480 | 0580 | 0.680 | 42 | 1220 | 1.320 | 1.420 | 79 | 1.960 | 2.060 | 2.160 | 116 | 2.700 | 2.800 | 2.900
6 | 0.500 | 0.600 | 0.700 | 43 | 1.240 | 1.340 | 1.440 | 80 | 1.980 | 2.080 | 2.180 | 117 | 2.720 | 2.820 | 2.920
7 | 0520|0620 | 0720 | 44 | 1.260 | 1.360 | 1.460 | 81 | 2.000 | 2.100 | 2.200 | 118 | 2.740 | 2.840 | 2.940
8 | 0540 | 0.640 | 0.740 | 45 | 1.280 | 1.380 | 1.480 | 82 | 2.020 | 2.120 | 2.220 | 119 | 2.760 | 2.860 | 2.960
9 | 0560 | 0660 | 0.760 | 46 | 1.300 | 1.400 | 1.500 | 83 | 2.040 | 2.140 | 2.240 | 120 | 2.780 | 2.880 | 2.980
10 | 0580 | 0.680 | 0.780 | 47 | 1.320 | 1.420 | 1.520 | 84 | 2.060 | 2.160 | 2.260 | 121 | 2.800 | 2.900 | 3.000
11 | 0.600 | 0.700 | 0.800 | 48 | 1.340 | 1.440 | 1.540 | 85 | 2.080 | 2.180 | 2.280 | 122 | 2.820 | 2.920 | 3.020
12 | 0620 | 0.720 | 0.820 | 49 | 1.360 | 1.460 | 1.560 | 86 | 2.100 | 2.200 | 2.300 | 123 | 2.840 | 2.940 | 3.040
13 | 0640 | 0.740 | 0.840 | 50 | 1.380 | 1.480 | 1.580 | 87 | 2.120 | 2.220 | 2.320 | 124 | 2.860 | 2.960 | 3.060
14 | 0.660 | 0.760 | 0.860 | 51 | 1.400 | 1.500 | 1.600 | 88 | 2.140 | 2.240 | 2.340 | 125 | 2.880 | 2.980 | 3.080
15 | 0680 | 0.780 | 0.880 | 52 | 1.420 | 1.520 | 1.620 | 89 | 2.160 | 2.260 | 2.360

16 | 0.700 | 0.800 | 0.900 | 53 | 1.440 | 1.540 | 1.640 | 90 | 2.180 | 2.280 | 2.380
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6 Print Circuit Board (PCB) Design

6.1 General Application Circuit Example

Figure 41 shows a general application circuitry of interface schematic with control signals connected directly to a MCU.
Figure 42 shows guidance of PCB layout for Motion SPM® 3 Module.
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Figure 41. General Application Circuitry for Motion SPM 3 Module
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6.2 PCB Layout Guidance
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Figure 42. Print Circuit Board (PCB) Layout Guidance for Motion SPM® 3 Module
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Packing Information

SPMCA-027 Tube Packing
Configuration: Figure 1.0

anseane

TR T

10 units per Tube

) _S

Bubble Sheet

FKS Label

'570mm x 150mm x 55mm
Inner box (60cap)

3

SPMCA-027 Packaging

Inner Box Barcode Label Sample

| S

Packaging Description:

SPMCA-027 parts are shipped normally in tube. The tube is
made of PVC plastic treated with anti-static agent.These tubes
in standard option are placed inside a dissipative plastic bubble
sheet, barcode labeled, and placed inside a box made of
recyclable corrugated paper. One box contains six tubes
maximum (see fig. 1.0). And one or several of these boxes are
placed inside a labeled shipping box which comes in different
sizes depending on the number of parts shipped.

*SPMCC-027(PKG-MOD27BA),SPMCD-027(PKG-MOD27BA),
SPMCE-027(PKG-MOD27BB),SPMCF-027(PKG-MODBD),
SPMCG-027(PKG-MOD27BC),SPMEA-027(PKG-
MOD27BA),SPMEC-027(PKG-MOD27BA), SPMGA-027(PKG-
MOD27BA), SPMGC-027(PKG-MOD27BA), SPMHA-027(PKG-
MOD27BA), SPMHC-027(PKG-MOD27BA), SPMIA-027(PKG-
MOD27BA), SPMIC-027(PKG-MOD27BA),SPMMA-027(PKG-
MOD26BC), SPMMB-027(PKG-MOD26BD) also use packing
data.

Information: Figure 2.0

SPMCA-027 Packaging Information E'.".iﬁ.i;‘.".:ﬂ i / ‘
Packaging Option nrns;ﬁ:'n‘udme ‘!Il'ﬂ?lﬂlll HI"
type Rail/Tube o Temperaters 360
Qty per Tube/ Inner Box 10 FARCHILD SEMCONDUCTOR.
Inner Box Dimension (mm) | 570x150x55 @
Max qty per Box 60
Outer Box Di (mm)| 590x330x245 Outer Box Barcode Label Sample
Max qty per Box 480 PIRT 1D 0000000 SEC mnoon IR0 590mm x 330mm x 245mm
Weight per unit (gm) 0T W0 oo R ) 0GB 000 e Outer box(480cap)
otlGomments I| |I||I I”"I“III‘I XXXXXXXXXX
. P : FKS Label
SPMCA-027 Tube ALY SEXITONCTON R w02
- . . : 3.2
Information: Figure 3.0 = B TR
Note: All dimensions are in mm \\ ‘
1.040.2
\ A 00 |
86 r_o é A “s A 7.3
202 L 0.3 17
S O | 20 B, 4
el el | [/ s - [Seameuraaatl] - - 3
v 1
39.5 ‘
< 5240+1.0 > 17.7:03
NOTES:

A : ALL DIMENSION ARE IN MILLIMETERS UNLESS
OTHERWISE SPECIFIED
B : DRAWING FIEL NAME : PKG-MOD27BAREV1

Figure 43

. Packing Information
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Related Resources — Product Datasheets and Application Notes

AN-9086- SPM 3 Package Mounting Guidance
RD-404 — Reference Design
FSBB10CH120D — Product Information

FSBB10CH120DF — Product Information

ON Semiconductor and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries
in the United States and/or other countries. ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other
intellectual property. A listing of ON Semiconductor's product/patent coverage may be accessed at www.onsemi.convsite/pdf/Patent-Marking.pdf. ON
Semiconductor reserves the right to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability arising out of the application or
use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is
responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or
standards, regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON
Semiconductor data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters,
including “Typicals” must be validated for each customer application by customer’s technical experts. ON Semiconductor does not convey any license under its
patent rights nor the rights of others. ON Semiconductor products are not designed, intended, or authorized for use as a critical component in life support
systems or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for
implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized application, Buyer shall
indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized use, even if such claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an
Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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https://www.fairchildsemi.com/application-notes/AN/AN-9086.pdf
https://www.fairchildsemi.com/reference-designs/RD-404.pdf
https://www.fairchildsemi.com/products/power-management/motor-control/motion-spm-smart-power-modules/FSBB10CH120D.html
https://www.fairchildsemi.com/products/power-management/motor-control/motion-spm-smart-power-modules/FSBB10CH120DF.html

ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.
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