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1. Introduction

This application note supports the 600V Motion SPM®3
version 5 series. It should be used in conjunction with
Motion SPM 3 datasheets, Fairchild’s Motion SPM design
reference guidance (RD-406), and application note (AN-
9086 — Mounting Guidance)

1.1. Design Concept

The SPM3 design objective is to provide a minimized
package and a low power consumption module with
improved reliability. This is achieved by applying new 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. Motion SPM 3
achieves reduced board size and improved reliability
compared to existing discrete solutions. Target applications
are inverterized motor drives for industrial use, such as air
conditioners, general-purpose inverters and serve motors.

The temperature sensing function of SPM3 version 5
products is implemented in the LVIC to enhance the 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 show the package outline
structure.

APPLICATION NOTE

1.2. Key Features

= 600V 15A / 20A / 30 A 3-Phase IGBT Inverter
Including Control ICs for Gate Driving and Protections

= Very Low Thermal Resistance by Adopting DBC
Substrate

= Easy PCB Layout due to Built-in Bootstrap Diodes

= Divided Negative DC-Link Terminals for Inverter
Three-Leg Current Sensing

=  Single-Grounded Power Supply due to Built-in HVICs
and Bootstrap Operations

= Built-in Temperature Sensing Unit of IC

= Isolation Rating of 2500 Vgps/min

Figure 1. Package outline of Motion SPM3 series
Table 1. Product Line-up
Target Application Fairchild Device IGBT Rating Motor Rating® Isolation Voltage
Air conditioners, FSBB15CH60D® 15A/600V | 1.5kW /220 Vac Viso = 2500 Vs
Industrial Motor, @ (Sine 60 Hz, 1-min
General-purpose inverters, FoBB20CHE0D 20ATE00V 2.0 kW /220 Vac All Shorted Pins Heat
Servo motors FSBB30CH60D 30A/600V | 3.0kW /220 Vac Sink)

Notes:

1. These motor ratings are general ratings, so may be changed by conditions.
2. In development; not released to production as of this revision. Check www.fairchildsemi.com for availability

© 2014 Fairchild Semiconductor Corporation
Rev. 1.0.0 « 11/17/14
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2. Product Selections

2.1. Ordering information

' 0

FSBB30 CH 60 XXX

Lead Option
N/A : Standard Version
L : Short Lead Version
> i Speed Option
NJ/A : Standard Switching Version
T : Fast Switching Version
A : Home Appliance version
Version Option
N/A : Ver.2 Mini DIP SPM
B : Ver.4 Mini DIP SPM
C: Advanced Ver.4 Mini DIP SPM
D : Ver.5 Mini DIP SPM

CH : Option for Motor Drives

L current Rating
05 : 5A rating

) 08 : BA rating

L— substrate Option 10 ¢ 10A rating

Voltage Rating
50 : 500V
60 : 600V

F : Full Mold Type 15 15A rating
S : Ceramic Base 20+ 20A rating
B : DBC Base 30 : 30A rating

——» NTC Option
A : NTC Thermistor
B : No NTC Thermistor

——» S : Divided Three Terminal

——» F: Fairchild Semiconductor

Figure 2. Ordering information of SPM®3 series

2.2. Product Line-up

Table 1 shows the basic line up without package variations.
Online loss and temperature simulation tool, Motion Control
Design Tool (Motion Control design Tool), is recommended
to find out the right SPM product for the desired
application.

Table 2. SPM3 version comparison

APPLICATION NOTE

2.3. SPM3 Version Comparison

As it can be seen from Table 2, Version 5 products have at
least the same or lower Vcesar max compared with the
predecessors. Old version products were not released at the
same time, and, therefore, there are differences even within
the same version products. This version 5 product is the first
version in which all the line-up was released at the same
with consistent features.

The 600V Motion SPM 3 version 5 products are much
more rugged than previous versions in many aspects.

= Vce-Com and Vb-Vs surge noise immunity level
increased about 50%. In other words, when a single
surge pulse comes in between these pins, Version 2
products can endure 50% higher level of surge voltage
without malfunction.

= Destruction level against surge pulses consecutively
coming in between Vb and Vs improved significantly

It should be noted that quiescent current of V¢ increased
because of TSU function. It does not affect much on
selecting the bootstrap capacitor value, but the stand-by
power increased by about 2.1mW. There is no change in
quiescent current of Vbs.

Version 2 Version 4 Version 5
Sl Planar PT IGBT Planar NPT IGBT Trench NPT IGBT
Technology
Substrate Ceramic DBC Full pack DBC Only DBC
5 (A FSBSS5CH60(F) . FSBF5CH60B ) )
/2.3 [V] /2.0 [V]
10 1] | FSBSI0CHG0(E) ] FSBF10CH60B ] ]
/2.3 [V] /2.0[V]
Current 15 1A | FSBSISCHG60(F) | FSBBISCH60(F) | FSBFISCH60BT | FSBBISCH60C FSBB15CH60D(A)
rating [Al /123 [V] /23 [V] /22 [V] /2.0 [V] / TBD
/' Vgsar
20 [A] ) FSBB20CH60(F) FSBB20CH60C FSBB20CH60D(A)
/23[V] /2.0[V] / TBD
301A i FSBB30CH60(F) FSBB30CH60C FSBB30CH60D(A)
[Al /275 [V] /2.4 V] /2.1[V]
Vs-Output Out-bonding Inner bonding Inner bonding
Bootstrap diode X O (0]
OC/UV protection (6] O (6}
Thermal sensing X X (6]

© 2014 Fairchild Semiconductor Corporation
Rev. 1.0.0 « 11/17/14

www.fairchildsemi.com
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3. Package

3.1

Internal Circuit Diagram

APPLICATION NOTE

Major differences between SPM®3Version 5 and previous versions are colored in red in the internal circuit diagram as shown
in Figure 3. Even though some old versions also have these features, Version 5 is the first version which widely adopts these
features. Main difference was changed from CFOD to V1s. The Vs pin is from LVIC and gives out the temperature sensing

signal
SPM Series Version 2 Version 4 Version 5
= Fanl %m‘ . - Fand
—!K} e oom—| ..} i | 'T_'L-, ‘
IN vs w (28) IN Vs T + W (26) ITC“" - N 3| I + [
( 'Msw. : s
@ L}— e 301 N F
com $| COM ~ L com -
N vs v, IN vs ) ([“":‘ '" N Ve vis)
Internal i . e 3NN -
. N vee out—] (o e . vce auT ’ }“m — ] Voo our—r
Circuit e ven o o v [ vas) Qo o [ v
Diagram | o
is6) OUTML, ®1cy - Ty — _" A @G o _| -
] Q e | Fm o™ I-J o O ) L}
VFO ’ I -z VFO tﬁf l B Vio ) H
Wy ouTvH——] ik = Ny ouTeL——] LS N out——[
EE— L EEL* | fam e | e ot LEQ
LM:}:‘ IN(UL) I eon IN{UL) ﬁ { |:\:01M N B
Ve M ourun——oI 01Ve VC': OUT\UL}H';\ o com °‘-”4||:
Vol lzw\./ % v"‘:l M, 21 [ - [ un\i
Difference i Inner bonding and Changed from CFOD to Vs base
point Add to bootstrap diode on version 4
Figure 3. SPM3 version comparison internal circuit

3.2. Pin Description

Figure 4 shows the location of pins, the names and dummy pins of SPM3 version 5 series

Gate of Low-side
W-phase IGBT

Gate of High-side
U-phase IGBT

Gate of High-side
V-phase IGBT

Gate of High-side
W-phase IGBT

Figure 4.

Gate of Low-side

U-phase IGBT

(1) Vee

&) COM

EH ::mn
L)

(5) IN

B) Veo

7] vis

E

COM '[9.] INL'-“'L"'

b4

— Gate of Low-side

V-phase IGBT

¥

— U5

21 by
L Jz2) N,
|1 23 b

[ Deou
[ Jes)v
| Desw
[ Dene

Y F Y

Vsw)

Pin numbers, Names and Dummy pins

No Connection
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APPLICATION NOTE

Figure 5 in the later section illustrates the internal structure of the module in more detail. The detail functional descriptions

are provided in Table 3.
Table 3. Pin Description

Pin Number Name Description

1 VCC(L) Low-Side Bias Voltage for IC and IGBT Driving
2 COM Common Supply Ground
3 INwL Signal Input for Low-Side U Phase
4 INw Signal Input for Low-Side V Phase
5 INwoy Signal Input for Low-Side W Phase
6 Veo Fault Output
7 Vs Output for LVIC Temperature Sensing Voltage
8 Csc Capacitor (Low-Pass Filter) for Short-Circuit Current Detection Input
9 INwH) Signal Input for High-Side U Phase
10 Veen) High-Side Common Bias Voltage for IC and IGBT Driving
11 Vi) High-Side Bias Voltage for U Phase IGBT Driving
12 Vsu) High-Side Bias Voltage Ground for U Phase IGBT Driving
13 INwH) Signal Input for High-Side V Phase
14 Veen) High-Side Common Bias Voltage for IC and IGBT Driving
15 Vi) High-Side Bias Voltage for V Phase IGBT Driving
16 Vswv) High-Side Bias Voltage Ground for V Phase IGBT Driving
17 IN iy Signal Input for High-Side W Phase
18 Veen) High-Side Common Bias Voltage for IC and IGBT Driving
19 Vew) High-Side Bias Voltage for W Phase IGBT Driving
20 Vsw) High-Side Bias Voltage Ground for W Phase IGBT Driving
21 Nu Negative DC Link Input for U Phase
22 Ny 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

3.3. Detailed Pin Definition and Notification * These are drive power supply pins for providing gate

= High-side bias voltage pins for driving the IGBT /
high-side bias voltage ground pins for driving the

IGBTs

Pin: Vewy-Vswuy Vevy-Vswy Vew-Vsw)

drive power to the high-side IGBTS.

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

© 2014 Fairchild Semiconductor Corporation

Rev. 1.0.0 + 11/17/14

www.fairchildsemi.com
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Pin :

Each bootstrap capacitor is charged from the V¢c
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 bas voltage
pins:

* Veewy Veew)

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.

Low-side common supply ground 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.

Bootstrap diode cathode pins

: Vawy Ve Vew)

These are pins to connect internal bootstrap diode for
each high-side bootstrapping.

External resistor should be connected between these
pins and each V¢c(xH).

Signal input pins

- INuy, INovy, INowy, INory, Ny, INQum

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 against noise
influences.

To prevent signal oscillations, an RC coupling as
illustrated in Figure 27 is recommended.
Short-circuit and over-current detection input pin

CSC

The current sensing shunt resistor should be
connected between the pin Csc and the low-side
ground COM to detect short-current.

Pin

Pin

Pin :

Pin :

APPLICATION NOTE

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.

Fault output pin

:Veo

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

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

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

Analog Temperature Sensing Output Pin

*V1s

This is to indicate the temperature of LVIC with
analog voltage. LVIC itself creates some power loss,
but mainly heat generated from the IGBTs will
increase the temperature of the LVIC

Vs versus temperature characteristics is illustrated
in Figure 18.

Positive DC-link 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

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.

These pins are used to one shunt or three shunt
resistor

Inverter power output pins

U, Vv,w

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

© 2014 Fairchild Semiconductor Corporation
Rev. 1.0.0 « 11/17/14
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AN-9085 APPLICATION NOTE
3.4. Package Structure

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.

In 600 V Motion SPM®3, 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 600 V Motion SPM 3, achieving improved
reliability and heat dissipation.

Figure 5 show the package outline and the cross-sections of the 600 VV Motion SPM 3 package.

m ¥ _x Y

e BB | st
o UL Ll | UL o)

= I Ceramic Layer | anl | Jo-L s L . =]

#21Pin [ —x __v‘ ]
Co er La er OPower Part { High Voltage | Section ¥y T .
1. Pin to Pin Isolation o
pp y ~D1: Clearance distance 442mm | Dambar Cut) 1. Pin to Pin Isolation Section XX Section V¥
-~ D2: Creepage distance 4.62mm - D1: Clearance distance 3.15mm — —
-1 Clearance distance 2.00mm (N Terminsl ) -D2: Creepage distance §.34mm - IC
..d2: Creepage distance 220mm {N Terminal ) ~ 2. Pin 1o Heat Sink Isolation iy L:__j L
2. Pin to Heat Sink Isolation D4 Q_—u' - D3: Clearance distance 3.10mm ' =1
— -.D3: Clearance distance 3.10mm 03 —— - D4: Crospaga distance 6 81mm L |
40 - D4 Creepage distance 423mm . - DB : Creepage distance 4.83mm

Figure 5.  Vertical Structure for Heat Dissipation and Distance for Isolation

Figure 6 shows the internal package structure including the lead frame and boding wires. This design has been revise several
times to further improve the manufacturability and the reliability to please the customers more.

Top View-

Copper-

— Mold Resin.
I RO

(unit : mm ). ——— IGBT.

LVIC, HVIC.

Figure 6. Package Structure and Cross section for SPMPA-027

© 2014 Fairchild Semiconductor Corporation www.fairchildsemi.com
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3.5. Package Outline
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3.6. Marking Specification.

* MARKING LAY-OUT

FAIRCHILD SEMICONDUCTOR LOGO
DIMENSIONAL PROPORTION

I_é' IIIIIII _ ) 3.3
B AR — -
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F [
00000000000adD 1.0
OOO000oooooa l
@ 1.9
4

1IN I U R N Ry R B
* MARKING DIMENSION

20,00

3.00
2
)
&
&
&

7.00
9.30

-
(D
ivs,
D,

|
O)

0.50
1.25
<O

| 2,08 15.85

X Alphabet
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4. Product Synopsis

This section discuss electrical specification, characteristics and mechanical characteristics

4.1. Absolute Maximum Ratings (T, = 25°C, unless otherwise specified)

APPLICATION NOTE

Table 4. Inverter Part
Symbol Parameter Conditions Rating Unit
Ven Supply Voltage Applied between P -NU, NV,NW 450 Vv
Ven(surge) Supply Voltage (Surge) Applied between P — NU, NV, NW 500 Vv
Ves Collector — Emitter Voltage 600 vV
FSBB15CH60D™ TBD
+lc Each IGBT Collector Current | T¢=25°C, T;<150°C® | FSBB20CH60D™ TBD A
FSBB30CH60D 30
FSBB15CH60D™ TBD
Tc=25°C, T,<150°C,
e Each IGBT(ggzlils)ctor Current Under 1 ms Pulse FSBB20CHB0D® TBD A
iqth®
Width FSBB30CH60D 60
FSBB15CH60D™ TBD
Pc Collector Dissipation Tc=25°C per One Chip | FSBB20CH60D™ TBD w
FSBB30CH60D 113
Operating Junction e o
T Temperature® 40~150 c
Note:

3. These values had been made on acquisition by the calculation considered to design factor
4. In development; not released to production as of this publication.
5. The maximum junction temperature rating of power chips integrated within the Motion SPM3 version 5 products are 150°C

Table 5. Control Part

Symbol Parameter Conditions Rating Unit
Ve Control Supply Voltage Applied between Vcemy, Ve - COM 20 V
Vs High-Side Control Bias Voltage Applied between Vi) - Vsw,Vew) - Vsvy 20 V

Vew) - Vsw),
. Applied between INyw), INvhy, INawh),
\Y, Input Signal Voltage (UH) 7 (VH)» TER(WH) -0.3~Vct0.3 V
N P g g INw), INwLy, INwyy, - COM s
Vo Fault Output Supply Voltage Applied between Vo — COM -0.3~Vc+0.3 \%
Iro Fault Output Current Sink Current at Vg Pin 2 mA
Vs Current Sensing Input Voltage Applied between Csc - COM -0.3~Vc+0.3 \Y

© 2014 Fairchild Semiconductor Corporation

Rev. 1.0.0 + 11/17/14
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Table 6. Bootstrap Diode Part

APPLICATION NOTE

Symbol Parameter Conditions Rating Unit
Maximum Repetitive Reverse
VRrm Voltage 600 \Y
I Forward Current Te=25°C, Ti=150°C 0.5 A
Iep Forward Current (Peak) \'5\;;;3&]3 C, T=150°C, Under 1 ms Pulse 2.0 A
T, Operating Junction Temperature -40~150 °C
Table 7. Total System
Symbol Parameter Conditions Rating Unit
Self Protection Supply Voltage =) Eeno i
Venerom) Limit (Short-Circuit Protection \F\{gcét\i/t‘ia\slglig 156'5 Vv, T=50° 0l 400 \Y,
Capability) petitive, < 2 |
T Module Case Operation See Figure 7 -40~125 oc
Temperature
Tsto Storage Temperature -40~125 °C
. 60 Hz, Sinusoidal, 1-Minute, Connect Pins
Viso Isolation Voltage to Heat Sink 2500 Vims
Table 8. Thermal Resistance
Symbol Parameter Conditions Rating Unit
FSBB15CH60D TBD
_ Inverter IGBT Part FSBB20CH60D
Ring-o)0 (per 1/6 Module) U
Junction-to-Case Thermal FSBB30CHGOR 1.10 /W
Resistance® FSBB15CH60D TBD
' Inverter FWD Part FSBB20CH60D
Ring-oF (per 1/6 Module) U
FSBB30CH60D 210
Note:

6. For the measurement point of case temperature (Tc), please refer to Figure 7.

e (o o [ i
e
@)W | (16)Vaqy
oV
@5V | (13) N
(12) Vg,
Case Temperature (Tc) (11) Vg,
Detecting Point = 10)V
eau (| EEIEET i BN
8) Csc
o 7)V.
@3)Ny, (] & %gilvNo
@2)N, (] 2 Egimivvﬁ)
21)N (@] © 2 C&JM
@1Ny 3 ._b }1;VCC(L)
13.74
Figure 7. Case Temperature (Tc) Detecting Point

© 2014 Fairchild Semiconductor Corporation
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4.2. Electrical Characteristic (T; = 25°C, unless otherwise specified)

APPLICATION NOTE

Table 9. Inverter Part (Based on FSBB30CH60D)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Collector—Emitter Vee, Ves=15 'V, 1c=30 A,
Veesan Saturation Voltage Vin=5V T,=25°C 1.50 | 210 v
Ve FWD Forward Voltage Vin=0V IF:_SO f‘ : 1.80 2.40 Vv
T,=25°C
ton 0.50 | 0.90 1.40
teony 0.25 | 0.55
HS torr 0.90 1.40
tciorr) 0.10 | 0.40
Vpen=300 V, V=15V, V=15V,
o Switching Times & A TG o190 s
See Figure 8
tcony 0.25 | 0.55
LS torr 0.90 1.40
tcorm 0.15 | 0.45
tr 0.10
Collector — Emitter _
lces Leakage Current Vee=Vees 2 mA
Note:

7. ton and torr include the propagation delay time of the internal drive IC. tcony and tcorr) are the switching time of IGBT
itself under the given gate driving condition internally. For the detail information, please see Figure 8 and Figure 9.

HINX
LINX

tr

torr ton |
/\ %100% lex
o 90% loy /-
| 10% Veex
v 10% Veae/ 10% ley 10% lex |/
te(ofn I ten)
Figure 8.  Switching Evaluation Circuit Figure 9.  Switching Time Definition
Table 10. Bootstrap Diode Part
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Ve Forward Voltage Ir=0.1A, T; = 25°C 2.5 \V
tr Reverse Recovery Time I = 0.1A, dlg/ dt = 50A/us, T; = 25°C 80 ns

© 2014 Fairchild Semiconductor Corporation
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Table 11. Control Part

APPLICATION NOTE

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Veewm=15V,
| . V, -COM 0.50
ocen Quiescent Ve Supply INwHvHWH) =0V et mA
Current Veew=15V,
loceL INGLvLwL = 0V Ve - COM 6.00
VCC(H):lS V, FSBB15CH60D TBD TBD
fPWM:20 kHZ,
Ipccr Duty=50%, Applied | FSBB20CHE0D TBD | TBD | mA
to One PWM Signal
. : FSBB30CH60D
Operating High-Side Ve Input for High Side 0.50
Supply Current VCC(L)=15V, FSBB15CH60D TBD | TBD
fPWM:20 kHZ,
lccL Duty=50%, Applied | FSBB20CHGE0D TBD | TBD | mA
to One PWM Signal
Input for Low Side FSBB30CHERR 10.0
. Ve -V
| Quiescent Vs Supply Ves=15V, VB(U) - VS‘U) 030 | ma
QBS Current IN(UH,VH,WH):O Vv B(v) S(V) '
VB(W) - VS(W)
;/CC:\;%SEES v, FSBB15CH60D TBD | TBD
. PWM™= Z,
lpgs gﬁfrf‘rt]'tng Ves Supply Duty=50%, Applied | FSBB20CHE0D TBD | TBD | mA
to One PWM Signal
Input for High Side FSBB30CHG0D 4.50
V, VCC:]-S V, VSC:0 V, VFO Circuit: 4.7 kQ 45
FoH to 5V Pull-up '
Fault Output Voltage \%
Vv V=15V, Vse=1V, Vro Circuit: 4.7 kQ 05
FoL to 5 V Pull-up :
Vsciren Short-Circuit Trip Level V=15 v©® Csc - COM 045 | 050 | 055 | V
UVcep Detection Level 9.8 13.3
UVecer Supply Circuit, Reset Level 10.3 13.8 Y
UVaso Under-Voltage Protection Detection Level 90 125
UVgsr Reset Level 9.5 13.0
trop Fault-Out Pulse Width 50 us
Vineon) ON Threshold Voltage Applied between IN vy - COM, 2.6 v
VinoFF) OFF Threshold Voltage INwLvLwL) - COM 0.8
Note

8. Short-circuit current protection is functioning only at low-sides.

© 2014 Fairchild Semiconductor Corporation
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35

30 - 1 = : /

25
20 ! /
15 ! /
10 ! |

05 / L

Vis V]

0.0
0 20 40 60 80 100 120 140 160
TLV|C IOC]
Figure 10. Temperature Profile of Vs (Typical)

4.3. Recommended Operating Conditions

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Ven Supply Voltage Applied between P - Ny, Ny, Ny - 300 400
- Vv
Vee Control Supply Voltage Applied between Veoun v - COM, 140 | 150 | 165
Ve - COM
Vs High-Side Bias Voltage | 7\PPlied between Ve, - Vs, Ve, - 130 | 150 | 185 | Vv
Vswvy Vew) - Vsw)
dVcc/dt, o -
dVas/dt Control Supply Variation 1 +1 V/us
FSBB15CH60D | TBD
Blanking Time for For Each Input FSBB20CH60D
Laead Preventing Arm-Short Signal =l Hs
FSBB30CH60D 1.0
fowm PWM Input Signal -40°C < T¢ < 125°C, - 40°C < T, < 150°C 20 kHz
V. Voltage for Current Applied between Ny, Ny, Ny — COM 5 5 Vv
SEN Sensing (Including Surge Voltage)
Pwinon) . Vee = Vs =15V, Ic < 60A, Wiring 2.0.
M!nlmum Input Pulse Inductance between Ny v w and DC Link Hs
Width N < 10nH® -
Pwin(orr) <10n 2.0
T, Junction Temperature -40 150 °C
Note

9. This product might not make response if input pulse with is lee than the recommended value.

© 2014 Fairchild Semiconductor Corporation
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4.4. Mechanical Characteristics

APPLICATION NOTE

Value
Parameter Conditions Unit
Min. | Typ. | Max.
Device Flatness See Figure 11 0 +200 pum
_ Mounting Screw: M3 Recommended 0.7 N-m 0.6 0.7 0.8 N-m
Mounting Torque See Fi 12
ee Figure Recommended 7.1 kg-cm 62 | 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 Module weight 50 g

(+)

o (N W O s AT T A AT
. p

~

-
E | ~
S -
S
T
- ~
| -
-
LL/
@]

-

L L uguy

Figure 11.

Flatness Measurement Position

Figure 12.

Pre - Screwing : 1—>2

Final Screwing : 2—1

Mounting Screws Torque Order
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5. Operation Sequence for Protections

5.1. Short-Circuit Current Protection (SCP)

600V Motion SPM®3 uses external shunt resistor for the
short circuit current detection, as shown in Figure 13. 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 Vgcen (the threshold voltage trip level
of the short-circuit) specified in the device
datasheets(Vscer), typ. is 0.5 V), a fault signal is asserted

APPLICATION NOTE

and the all low side IGBTSs are turned off. Typically, the
maximum short-circuit current magnitude is gate-voltage
dependent: higher gate voltage (Vcc and Vpgs) results in
larger short-circuit current. To avoid potential problems, the
maximum short-circuit trip level is set below 1.5 times the
nominal rated collector current. The LVIC short-circuit
current protection-timing chart is shown in Figure 14.

WH Motor|
r W
U s
' 4
Short

Circuit !

J

-
pi Motion SPM
Isc (Short-Circuit Current)
l' > Q
\
HVIC [t
¥
uR” VH
—-—C
Rshunt
¢ Isc (Short-circuit Current)
Figure 13.

Lower arms
control input

L elo]

Operation of Short-Circuit Current Protection

L

{(

Protection
circuit state

Lower arms
gate input

A4

-

SET

RESET

Soft turn-off for small
voltage spike (to prevent of
L * di/dt effect).

«
2
sc — | External filter delay +
— / internal IC delay + IGBT off
External filteris P delay < SCWT (typical
recommended with 1~2 ps A 2-3 ps).
Output Current A8
N, IC filtering < 500 ns
C ence Voltage
Sensing Voltage
(of Rsc) _I\/\ I\/\_
«
Fault-out duration (trop) :
trop

Fault Output Signal A5

Figure 14.

Notes:

10. Al-normal operation: IGBT on and carrying current.
11. A2-short-circuit current detection (SC trigger).

12. A3-hard IGBT gate interrupt.

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

14.
15.
16.
17. AB8-IGBT keeps OFF state.

A6-input “L”: IGBT OFF state.

lat

Fixed it, Min 50ps.

«

Timing Chart of Short-Circuit Current Protection Function

A5-fault output timer operation start with internal delay (typ. 2.0 us), Fault-out duration time is fix (Min 50 us)

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

© 2014 Fairchild Semiconductor Corporation
Rev. 1.0.0 « 11/17/14
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5.2. 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 15.

Input Signal J L
- «
) — Built-in typ.10 ps filter
Protection Circuit .
rotecton Hred! RESET SET to prevent malfunction
State i
by noise.
UVccr
Control Bl UVess E s
Supply Voltage A » i
Needed LOW-to-HIGH pply g Fault.out duratlon_
input transition to turn B2 ()P LEED IS
. B7 0 V) until recover Vcc.
on IGBT again. tart \ = oV ce
(Edge Trigger) \
I
Output Current -
& All low-side IGBT gate
High-level (no fault output) | are locked with Vo
Fault Output Signal | BS i« output.
Figure 15. Timing Chart of Low-Side Under-Voltage Protection Function
Notes:

18. B1-control supply voltage rise: after the voltage rises UVccr, the circuits starts to operate when the next input is applied.
19. B2-normal operation: IGBT ON and carrying current.

20. B3-under-voltage detection (UVccep).

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

22. B5-Fault output signal starts.

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

24. B7-normal operation: IGBT ON and carrying current..

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 16. A fault-out (FO) alarm is not given for low HVIC bias conditions.

Input Signal J L

Pmtecgtoart‘ec”cun RESET SET RESE Built-in 11 ps filter to
A prevent malfunction
UVesr Filtefing? by noise.

Control c1 UVesh CY
upply Voltage Cc3

Output Current

Needed LOW-to-HIGH
input transition to turn c2 ce
on IGBT again. Regtart v c4
(Edge Trigger) L/
B High-side IGBT gate

v is locked without Veo
output.

High-level (no fault output)

Fault Output Signal
Figure 16. Timing Chart of High-Side Under-Voltage Protection Function

Notes:

25. C1-control supply voltage rises: after the voltage reaches UVgsr, the circuit starts when the next input is applied.
26. C2-normal operation: IGBT ON and carrying current.

27. C3-under-voltage detection (UVgsp).

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

29. C5-under-voltage reset (UVasr).

30. C6-normal operation: IGBT ON and carrying current.

© 2014 Fairchild Semiconductor Corporation www.fairchildsemi.com
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6. Key Parameter Design Guidance

For stable operation, there are recommended parameters
for passive components and bias conditions, considering
operating characteristics of the 600V Motion SPM®3
version 5 series.

6.1. 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 actual Tjmax at which power devices
get destroyed, caution should be given to make sure the
junction temperature stays well below the Tjmax. One of
the inconveniences in using previous versions of SPM 3
series products was lack of temperature monitoring. An
NTC had to be mounted on the heat sink or very close to
the module if over-temperature protection is required in
the application.

6.1.1. Basic concept

Thermal Sensing Unit uses technology based on the
temperature dependency of transistor Vbe; Vbe decrease
2mV as temperature increase 1 °C.

The Thermal Sensing Unit analog voltage output reflects
the temperature of the LVIC in 600V Motion SPM 3
version 5 series products. The relationship between Vqs
voltage output and LVIC temperature is shown in Figure
18. 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 17 shows the LVIC location of SPM3 version 5
series.

Location of V¢
function (LVIC)

Location of power
silicon(IGBT)

Figure 17. Location of Vrs function (LVIC)

Figure 18 shows the Temperature versus Vs and Table
12 shows the raw data.

APPLICATION NOTE

o FSBB30CHG60D(A)

Min.
3.5 - Typ.
Max.

Typ. 2.62V@125°C
= 1

3.0

2.5 1 Typ. 2.12V@100° C

2.0

1.5+ Typ. L12V@50° C

1.0

0.5 4

Temperature Sensing Voltage, V__[V]

0.0

T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

LVIC Temperature, T ['C]

LvIC

Figure 18. Temperature versus Vrs

Figure 19 shows the equivalent circuit diagram of TSU
inside 1C and a typical application diagram. This output
voltage is clamped to 5.2V by an internal Zener diode, but
in case the maximum input range of Analog to Digital
converter of MCU is below 5.2V, 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 V¢s and Com (Ground) to make the Vs more
stable.

Temperature P
Sensing
Voltage

W
5 100Kohm
2.5Kohm Z

v

Figure 19. Internal block diagram and interface
circuit of TSU

15V
vee VTS
SPM3 Verb c S |
urrent weep Its
LvIC (0 ~ 200UA)
com

(a) Test Methods.

© 2014 Fairchild Semiconductor Corporation
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Vts[V]

Its[uA]

(b) Test Result
Figure 20. Load Variation of Vs

Figure 20 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. Figure 18 shows
that the relationship between Vis voltage and LVIC
temperature. It can be expressed as the following
equation.

V1smin = 0.02*Tyvic + 0.028 [V]
Vistyp = 0.02*Tyye + 0.119 [V]
Vs max = 0.02*Tivic + 0.254 [V]

The maximum variation of Vg is 0.254V, and the
minimum variation of Vg is 0.028 V due to process
variation which are 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, V15 can be measured to adjust the offset before
the motor starts to operate.

As temperature decreases further below 0 °C, Vis
decreases linearly until it reaches zero volts. If the
temperature of LVIC increases above 150 °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.

6.1.2. Test method

This test result shows correlation between Vs and T, but
this correlation will be changed each customer real
application conditions.

Figure 21 shows temperature detection point and Figure
22 shows the test conditions; we have tested by servo
dynamo systems.

(@) Test board

APPLICATION NOTE

(b) Heat-sink size and detection point of T¢

Figure 21. Heat-sink Size and Detection Point of T¢

Figure 22. Real Load Dynamometer

We have compared between convection cooling and
forced cooling mode. Figure 23 shows the cooling
conditions

FAN OFF : Convection cooling mode
FAN ON : Force cooling mode

Figure 23. Cooling Conditions

To avoid external environment, we used the case, refer to
Figure 24. Test conditions were V¢c =15V, Vpe=300 V,
Frequency =5 kHz and PWM method=SPWM.

Al
N

A\ DC Power o —
Temperature supply & -

Record

-~
| =

-

v | - ¢ B[ Control PN
; -Test Boa
1 Q ; Board \

- o

e 8

Figure 24. Test environment
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6.1.3.

Test results

Figure 24 and Figure 25 shows the test result. As the test
results, Tc and V15 temperatures have a variable gap by
cooling conditions. Fragmentarily, this test result shows,
Vs value is depend on cooling conditions (Heat sink size,
Fan speed and etc). Temperature gap has about 10 degree
between T and Vs in convection cooling mode. And gap
has about 20 degree in force cooling mode.

Convection Cooling Mode

120

TC

100 TSU

110

90

Delta T(T_-T_) ¢

¢ su

120
110
100

90

70
60
50
40

Temperature [°C]

30
20
10

APPLICATION NOTE

Force Cooling Mode

80

TC

T

su

¢ su

—— Delta T(T_-T_ )

1 2 3 4 5

6 7 8
Current lo [A]

9 10 11 12 13 14 15 16

% - Figure 26. Force cooling mode

§ :Z — In conclusion, if the customer wants to use the thermal

s sensing unit, they should make adjustment in real

- ! operation conditions.

T emem
Figure 25. Convection cooling mode
Table 12. V45 Table of LVIC
TLVIC (OC) VMIN (V) VTYP (V) VMAX (V) TLVIC (OC) Vmin (V) Vtyp (V) Vmax (V)

25 0.528 0.619 0.754 56 1.148 1.239 1.374
26 0.548 0.639 0.774 57 1.168 1.259 1.394
27 0.568 0.659 0.794 58 1.188 1.279 1414
28 0.588 0.679 0.814 59 1.208 1.299 1.434
29 0.608 0.699 0.834 60 1.228 1.319 1.454
30 0.628 0.719 0.854 61 1.248 1.339 1.474
31 0.648 0.739 0.874 62 1.268 1.359 1.494
32 0.668 0.759 0.894 63 1.288 1.379 1.514
33 0.688 0.779 0.914 64 1.308 1.399 1.534
34 0.708 0.799 0.934 65 1.328 1.419 1.554
35 0.728 0.819 0.954 66 1.348 1.439 1.574
36 0.748 0.839 0.974 67 1.368 1.459 1.594
37 0.768 0.859 0.994 68 1.388 1.479 1.614
38 0.788 0.879 1.014 69 1.408 1.499 1.634
39 0.808 0.899 1.034 70 1.428 1519 1.654
40 0.828 0.919 1.054 71 1.448 1.539 1.674
41 0.848 0.939 1.074 72 1.468 1.559 1.694
42 0.868 0.959 1.094 73 1.488 1.579 1.714
43 0.888 0.979 1.114 74 1.508 1.599 1.734
44 0.908 0.999 1.134 75 1.528 1.619 1.754
45 0.928 1.019 1.154 76 1.548 1.639 1.774
46 0.948 1.039 1.174 77 1.568 1.659 1.794
47 0.968 1.059 1.194 78 1.588 1.679 1.814
48 0.988 1.079 1.214 79 1.608 1.699 1.834
49 1.008 1.099 1.234 80 1.628 1.719 1.854
50 1.028 1.119 1.254 81 1.648 1.739 1.874
51 1.048 1.139 1.274 82 1.668 1.759 1.894
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APPLICATION NOTE

Tivic (°C) Vi (V) Vrve (V) Vmax (V) Tivic (°C) Vinin (V) Viyp (V) Vimax (V)
52 1.068 1.159 1.294 83 1.688 1.779 1.914
53 1.088 1.179 1.314 84 1.708 1.799 1.934
54 1.108 1.199 1.334 85 1.728 1.819 1.954
55 1.128 1.219 1.354 86 1.748 1.839 1.974
87 1.768 1.859 1.994 119 2.408 2.499 2.634
88 1.788 1.879 2.014 120 2.428 2.519 2.654
89 1.808 1.899 2.034 121 2.448 2.539 2.674
90 1.828 1.919 2.054 122 2.468 2.559 2.694
91 1.848 1.939 2.074 123 2.488 2.579 2.714
92 1.868 1.959 2.094 124 2.508 2.599 2.734
93 1.888 1.979 2.114 125 2.528 2.619 2.754
94 1.908 1.999 2.134 126 2.548 2.639 2.774
95 1.928 2.019 2.154 127 2.568 2.659 2.794
96 1.948 2.039 2.174 128 2.588 2.679 2.814
97 1.968 2.059 2.194 129 2.608 2.699 2.834
98 1.988 2.079 2.214 130 2.628 2.719 2.854
99 2.008 2.099 2.234 131 2.648 2.739 2.874
100 2.028 2.119 2.254 132 2.668 2.759 2.894
101 2.048 2.139 2.274 133 2.688 2.779 2.914
102 2.068 2.159 2.294 134 2.708 2.799 2.934
103 2.088 2.179 2.314 135 2.728 2.819 2.954
104 2.108 2.199 2.334 136 2.748 2.839 2.974
105 2.128 2.219 2.354 137 2.768 2.859 2.994
106 2.148 2.239 2.374 138 2.788 2.879 3.014
107 2.168 2.259 2.394 139 2.808 2.899 3.034
108 2.188 2.279 2414 140 2.828 2.919 3.054
109 2.208 2.299 2.434 141 2.848 2.939 3.074
110 2.228 2.319 2.454 142 2.868 2.959 3.094
111 2.248 2.339 2474 143 2.888 2.979 3.114
112 2.268 2.359 2.494 144 2.908 2.999 3.134
113 2.288 2.379 2.514 145 2.928 3.019 3.154
114 2.308 2.399 2.534 146 2.948 3.039 3.174
115 2.328 2419 2.554 147 2.968 3.059 3.194
116 2.348 2.439 2.574 148 2.988 3.079 3.214
117 2.368 2.459 2.594 149 3.008 3.099 3.234
118 2.388 2479 2.614 150 3.028 3.119 3.254
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6.2. Selection of Shunt Resistor

Figure 27 shows an example circuit of the SC protection
using 1-shunt resistor. The line current on the N side DC-
ink is detected and the protective operation signal is
passed through the RC filter. If the current exceeds the SC
reference level, all the gates of the N-side three-phase
IGBTs are switched to the OFF state and the Fo fault
signal is transmitted to MCU. Since SC protection is non-
repetitive, IGBT operation should be immediately halted
when the Fq fault signal is given.

-

HVIC
. Level Shift

. Gate Drive _|
.UvVLO

VS

Vee LVIC
. Gate Drive
Veo .UvVLO

H .SCP
T [

Tcsc

Short Circuit
Current (Isc)

el
8
<----'

=

Short Circuit Current Protection Circuit
with One Shunt Resistor

Figure 27.

The value of shunt resistor is calculated by the following
equation.

=  Maximum SC current trip level :
Ic(rated current)

lscmay=1.5 *

= SC trip referenced voltage : Vsc=min. 0.45V, typ.
0.5V, max. 0.55V

=  Shunt resistance Isc(max)=V sc(maxy! RsHunT(min)
> Rsnun(miny=V scmax I sc(max)

= |If the deviation of shunt resistor should is limited
below +5%,

RSHUNT(typ)=RSHUNT(min)/0-95,RSHUNT(max)zRSHUNT(typ)*l-05
= Actual SC trip current level becomes:

Isciym=Vscayp) ! Rshuntming  lscming = Vscming /
RSHUNT(max)

= Inverter output power:
Pour = V3 X VO, LL X Iogus) X PF

where:

VOLL=1E x MI x 12
lio)rms = Maximum load current of inverter; and
MI = Modulation Index;

Vpc = DC link voltage;

PF = Power Factor

APPLICATION NOTE
= Average DC current
Ioc_ave = Voc Link ! (Pout X Eff)
where:
Eff = Inverter efficiency

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

Pshunt = (IZRMS*RSHUNT*Margin) / Derating Ratio
Where;
Shunt resistor typical value at T¢=25°C (Rgyunt)

Derating ratio of shunt resistor at Tgyunt=100°C
(From datasheet of shunt resistor)

Safety margin (Determine by customer)

The value of shunt Resistor calculation Examples:

. DUT: FSBB30CH60D

*  Tolerance of shunt resistor: 5%

e SC Trip Reference Voltage:

*  Vscmin) = 0.45 V, Vc(iyp) = 0.50 V, Vscmaxy = 0.55 V
. Maximum Load Current of Inverter (Irms): 21 Arms

. Maximum Peak Load Current of Inverter (Iggmax): 45
A

*  Modulation Index(Ml) : 0.9

DC Link Voltage(Vpc_Link): 300V
»  Power Factor(PF): 0.8

Inverter Efficiency(Eff): 0.95

*  Shunt Resistor Value at T¢ = 25°C (Rspunt): 11.0
mQ

» Derating Ration of Shunt Resistor at Tsyunt
100°C: 70% (refer to Figure 28)

«  Safety Margin: 20%

Calculation Results:

. ISC(max): 15* IC(max) =15*30A=45A

. RSHUNT(typ): VSC(typ) / ISC(max) = 050V / 45 A
11.0 mQ

* Rsiuntmao: Rsiuntayp * 1.05 = 11 mQ *1.05 A
11.55 mQ

© RSHUNT(min): RSHUNT(typ) * 095 = 11mQ *0.95A =
10.45 mQ

. ISC(min) . VSC(min) / RSHUNT(max) =045V /11.55mQ =
38.96 A

° ISC(max): VSC(typ) / RSHUNT(min) =055V /1045 mQ =
52.6 A
V3 Vbe 3

. pOUTzﬁx(EXMIXT)XI(O)RMSXPF:E
X 0.9% (300/2) X21X0.8 = 4,811 W
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* Ioc_ave = (Pout/EfT) /VDchink =16.88 A

*  Pshunt = (IZDC_AVG X Rsnunt X Margin) / Derating
Ratio = (16.88% X 0.012 X 1.2) / 0.7 = 586 W
(Therefore, the proper power rating of shunt resistor
is over 6.0 W)

When over-current events are detected, the 600 VV Motion

SPM®3 version 5 series shuts down all low-side IGBTs

and sends out the fault-out (Fo) signal. Fault-out pulse

width is fixed; minimum value is 50 ps.

To prevent malfunction, it is recommended that an RC
filter be inserted at the Csc pin. To shut down IGBTS
within 3 pus when over-current situation occurs, a time
constant of 1.5 ~ 2 ps is recommended.

Table 13 Shows the shunt resistance and typical short-
circuit protection current.

Table 13. Over-Current(OC) Protection Trip Level

. OC Trip
Device RshunT level Remark
FSBB15CH60D | 22 mQ 25A | o
FSBB20CH60D | 16 mQ 30 A 'f/;{j’éca
FSBB30CH60D | 11 mQ 45 A
100 25 ] ) 15.57 ) ) 27.57
NG : :
o TN |
B el | | |
A ' |
g |
3 i i
2l |
| |
| |
1] ZDI 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Ambient temperature('C)

Figure 28. Derating Curve Example of Shunt
Resistor (from RARA Elec.)

6.3. Time Constant of Internal Delay

An RC filter is prevents noise-related Short-Circuit
Current Protection (SCP) circuit malfunction. The RC
time constant is determined by the applied noise time and
the Short-Circuit Current Withstanding Time (SCWT) of
Motion SPM 3 version 5 series.

When the Rsc 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,
about 0.5 ps). Consider this filter time when designing the
RC filter of Vcgc.

APPLICATION NOTE

»
>»

» T5

T4

AAAA
A

T3

A
Y
A4

T1 | T2

Vin

I—OUT

Vesc

ISC

VEo

Figure 29. Timing Diagram

Notes:

31. Vi Voltage of input signal.

32. Lour: Ve of low-side IGBT.

33. Vcsc: Voltage of CSC pin.

34. lsc: Short-circuit current.

35. Veo: Voltage of VFO pin.

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

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

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

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

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

Figure 30 shows operating waveform of SCP (Short-

circuit Current Protection) function. Normally, T (time
constant of RC filter of Csc) don’t accurately operate due
to fast di/dt of Isc (short-circuit current). Therefore, we
should consider this kind of situation when decide time
constant of RC filter of Csc. (Normally, T(time constant of

RC filter of Csc) accurately operate in OCP (Over Current
Protection) operation.)

T5

A 4

T4

A A ’\j\/“f\

“"‘, 8 (TATR
I v N\
b P A A
VST SHRIREEYSY \WAVAW. W

Time [S00nsec/div]

Csc signal [0.5V/div]
|

Figure 30. Short Circuit Waveform (FSBB30CH60D,
Ref. Condition: VCC=16.5 V, VD(;=400 V, TJ=25°C)

Table 14 shows actual real time at short circuit current
protection. Each time sections have a distribution, so we
have to consider of distribution.
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Table 14. Time Table on Short Circuit Conditions;
Vesc to Lour, Isc, Vro

. Typ. at Typ. at Max. at
Device T,=25°C | T,=150°C | T,=25°C
T2=0.50 ys | T2=0.52 ps | Considering
T3=1.35us | T3=1.23 us +20%
FSBB30CHG0D T4=1.95 ps | T4=1.81 ps | Distribution,
T5=2.86 us | T5=2.47 us | T3and T4
Notes:

41. To guarantee safe short-circuit protection under all
operating conditions, Csc should be triggered within
1.0 ys after short-circuit occurs. (Recommendation:
SCWT < 3.0 ps, Conditions: Vpc=400 V, Vcc=16.5V,
T,=150°C).

42. Itis recommended that delay from short-circuit to Csc
triggering should be minimized.

6.4. Soft Turn-Off

An LVIC soft turn-off function protects the low side
IGBTs from over voltage of Vpy (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, Vpy 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 Vge (gate-to-
emitter voltage of IGBT).

An internal block diagram of LVIC and operation
sequence of soft turn-off function is shown in Figure 31
and Figure 32. 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
(Under-Voltage Lock

Out)
SCP
(Short-circuit Current

Protection)

LVIC)

1<

c

Output
Buffer

o
Restart [— Pre —-;&
Driver | |5

Gate Driver %
L
Protection Circuit Timer |—

p—| Soft-off |—\ 5]
TSU
S

— ]
Figure 31.

CFOD

Internal Block Diagram of LVIC

APPLICATION NOTE

a e LVIC | IGBT )

Gate Driver |

Pre Output
Buffer

Driver

—H Oon
Off

T

Restart

afo

|
D VFO
o % <
1 .
\ ! _J

Figure 32. Operating Sequence of Soft Turn-Off

Figure 33 shows normal turn-off switching operations
performed satisfactorily at a Vpc=300 V with the surge
voltage between the P and N pins (Vensurge) limited to
under 500 V. The difference between the hard and soft
turn-off switching operation is also shown in Figure 34.

The hard turn-off of the IGBT creates a large overshoot
(170V). The DC-link capacitor supply voltage should be
limited to 500 V to safely protect the 600 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 <100V
occurs in this condition

/ Vcesurcp=170V

A
\
N N R ——— |

Turn off by Lin
Time [200ns/div]

Ic [5A/div.]

Ven [100V/div.]

/
e

Figure 33. Turn-Off by Input
(FSBB30CH60D, Ref. Condition: Vpc=300 V, T;=25°C)

Vcesuren=91V

Vel
./ “
\ Pttt

fl'urn off by protection

/
—

Figure 34. Turn-Off by Soft Off Function
(FSBB30CH60D, Ref. Condition: Vpc=300 V, T;=25°C)
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6.5. Fault Output Circuit

Because Vgo 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

v

0.20

FO

0.15 : //
0.10 : /
0.05 :

0.00
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

1o [MmA]

\Y

Figure 35. Voltage-Current Characteristics of

Veo Terminal

6.6. Bootstrap Circuit Design

6.6.1. Operation of Bootstrap Circuit

The Vpgs voltage, which is the voltage difference between
Vgwuvw and Vsuvw), provides the supply to the HVIC
within the 600V motion SPM®3 series. This supply must
be in the range of 13.0V~18.5V to ensure that the HVIC
can fully drive the high-side IGBT. The SPM3 series
includes an under-voltage lock out protection function for
the Vgs to ensure that the HVIC does not drive the high-
side IGBT, if the Vgs voltage drops below a specified
voltage. This function prevents the IGBT from operating
in a high dissipation mode.

There are a number of ways in which the Vgs floating
supply can be generated. One of them is the bootstrap
method described here (refer to Figure 36). This method
has the advantage of being simples and inexpensive.
However, the duty cycle and on-time are limited by the
requirement to refresh the charge in the bootstrap
capacitor. The bootstrap to ground (either through the
low-side or the load), the bootstrap capacitor (Cgs) is
charged through the bootstrap diode (Dgs) and the resistor
(Rgs) from the V¢c supply.

\Z 4 .
4 Motion-SPM™
Dgs (Include Rgs)
« Vee HVIC
IN Vs
— COM e 1 Voc
i ™
oo d T Vee
VCC IN
gt 1y LVIC Ho—
coMm
< COM VSL—I

-
-

Figure 36. Current Path of Bootstrap Circuit

APPLICATION NOTE

6.6.2. 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 (tchag) Can be
calculated by:

Vee
Vee-Vesmin-VE-Vis

1
teharge= Ces*RpsX 5 In

where:
Ve = Forward voltage drop across the bootstrap diode;
Vesmin) =The minimum value of the bootstrap capacitor;

Vs = Voltage drop across the low-side IGBT or load; and
A = Duty ratio of PWM.

When the bootstrap capacitor is charged initially; Ve
drop voltage is generated based on initial charging
method, Vcc line SMPS output current, Ve source
capacitance, and bootstrap capacitance. If V¢c drop
voltage reaches UVccp 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 37 shows an example of initial bootstrap charging
sequence. Once V¢ establishes, Vg 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 V¢ should be sufficient to supply
necessary charge to Vs capacitance in all three phases. If
a normal PWM operation starts before Vgs reaches Vyyio
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 38. The effect of
the bootstrap capacitance factor and charging method
(low-side IGBT driving method) is shown in Figure 36.
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Figure 37.

Voc

Timing Chart of Initial Bootstrap Charging

Vee

IN(WL)

Bootstrap capacitor charging(W phase)

IN(VL)

IN(UL)

;
|
I
I
|
|
Bootstrap capacitor charging(V phase) !
|
|
|
|

Bootstrap capacitor charging(U phase) |

Figure 38.

0 and Figure 39 shows waveform initial bootstrap
capacitor charging voltage and current.

Bootstrap capacitor charging period

System operating periode

Recommended Initial Bootstrap
Capacitors Charging Sequence

|

B B b g dm he  m  b w o de M b ke A A e R M M
AR A A AR

Each part initial operating waveform of bootstrap circuit
(Conditions: Vpc=300V, Vcc=15V, Cgs=22pF, LS IGBT
Turn-on Duty=200pusec)

e N

Figure 39.

Bootstrap Circuit (Conditions: Vpc=300V, Vcc=15V,

Each Part Operating Waveform of

Cgs=22uF, LS IGBT Full Turn-on)

APPLICATION NOTE

6.6.3. Selection of Bootstrap Capacitor
Considering Operating

The bootstrap capacitance can be calculated by:
Con — Leak X At
BS = AVgs

where:

At: maximum on pulse width of high-side IGBT;
AVgs: the allowable discharge voltage of the Cgg
(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 ¢, is recommended for the 600V
Motion SPM 3 version 5 series. By considering dispersion
and reliability, the capacitance is generally selected to be
2~3 times the calculated one. The Cgs is only charged
when the high-side IGBT is off and the Vg 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).

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

l : : — Minimum Value
100[uF] d Value
07 7777 Commercial Capacitance |

T
R

100

NN

90

N\
NN

N
NN

80

10

A
i
0 2 4 6 8 10 12 14 16 18 20

Switching Frequency, F,, [kHz]

N

V. 7
.
.
g g% : (I, A6/
:,i %/% % Bs_min= ILeak At AVBS
) EEemesenammnam
§ 60 é%a?ﬁ% Conti i idal Current Control
8 50 %Z/é%% 47[uF]
o % / n/cy/ 7
£ U A A IR
@ 7 :
. 22[4F]
o /%% :
e = 6.8[F]
v
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Figure 40. Capacitance of Bootstrap Capacitor on
Variation of Switching Frequency
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Based on switching frequency and recommended AVpgs

® | ea Circuit current = 4.5 mA (recommended value)

®  AVgg: discharged voltage = 1.0 V (recommended
value)

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

CBS_min = IleAa‘l;:sAt = 2mA1>.<(;1—‘./5ms =9.0x10°°
- More than 2 times - 18 uF.
Note:

43. 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.

6.6.4. Built-in Bootstrap Diode

When the high-side IGBT or diode conducts, the
bootstrap diode (Dgs) supports the entire bus voltage.
Hence, a diode with withstand voltage of more than
600 V is recommended. It is important that this diode has
a fast recovery (recovery time < 100 ns) characteristic to
minimize the amount of charge fed back from the
bootstrap capacitor into the V¢c supply. The bootstrap
resistor (Rgs) is to slow down the dVgs/dt and limit initial
charging current (Iharge) OF boOtstrap capacitor.

Normally, a bootstrap circuit consists of bootstrap diode
(Dgs), bootstrap resistor (Rgs), and bootstrap capacitor
(Cgs). As shown in Figure 41, the built-in bootstrap diode
of SPM®3 version 5 product has special V/ characteristics
to be used without additional bootstrap resistor.
Therefore, only external bootstrap capacitors are needed
to make bootstrap circuit.

APPLICATION NOTE

Built-In BSD V,-I, CHARACTERISTICS, T,=25°C
: 4

< 08 /,/;/// o

sl | ST

E | O T O O A S P A BRI o ool N 0 0 N T S O O

0 O~

& U | O LA

o 05 + + + :

a {i -+ e L.

Z 04 : . 7

< 1 ' ] ]

PSS ERRRREP A7

e n.3ﬁ ; /'/, ;

w02 i ; i —— Built-In BSD

fa] t t

8 Jodld /5/ ; 1N4937

o 014 | L i | —— 1N4937 + 130hm

o O S bt i i —— 1N4937 + 150hm

0.0 4= —r— : . - + . —— —

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DIODE FORWARD DROP VOLTAGE, V_ [V]

Figure 41. V-l characteristics of Bootstrap Diode in

SPM3 V5 products

The characteristics of the built-in bootstrap diode in the
SPM3 products are:

*  Fast recovery diode: 600 /0.5 A

* t,: 80 ns (typical)

» Resistive characteristic:
approximately 15 Q

Table 6 shows the absolute maximum ratings of bootstrap

diode. Table 10 shows forward voltage drop and reverse
recovery characteristic of the bootstrap diode.

equivalent resistor of
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7. Print Circuit Board (PCB) Design

7.1. General Application Circuit Example

APPLICATION NOTE

Figure 42 shows a general application circuitry of interface schematic with control signals connected directly to a MCU.
Figure 43 shows guidance of PCB layout for the 600V Motion SPM®3 version 5 series.

(19) Vew) VB Pene
(18) Vcc
VCC
Css — COM OUT;{
Gating WH>——~»]— Z;;IN(WH) = = =
Vsw)
(15) Ve VB i
(14) Vee
Py vee
Cgs| Casc »— COM OUT;{
_ — (13) INwry
Gating VH>T——F N ve -
| e (@s) Motor
15V line (A1) Vey VB
I(lo) - % — mm
Css| Casc ? I ) e OUTH -
1 AN $— COM
9) IN
‘ Gating UH — 21)2) v(um N = -
S(U)
5V line
Rer % T Cse S;VC o(sc) OUTWL
s = ° = VTS
Tt |y b -
ault L vre
: I (5) INew) 4{
‘ Gating WL IN(WL) OUT(VL)
Gz Cee - I (4) Ny
al ‘ ST IN(VL) Ny (22)
: I (3) Ny I
[ Gating UL IN(UL)
(2) COM
e COM
= = M Vee ouTUy——
. ~ vee v Rshunt
l l T —SL—‘ Ny (21)
Cspws’f Cspch 1

Figure 42.

General Application Circuitry for Motion SPM 3
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7.2. PCB Layout Guidance
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Print Circuit Board (PCB) Layout Guidance for the 600V Motion SPM®3

Figure 43.
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AN-9085 APPLICATION NOTE

8. Packing Information

SPMCA-027 Tube Packing
Configuration: Figure 1.0

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), SPMPA-027(PKG-
MOD27BA) also use packing data.

10 units per Tube

Bubble Sheet

BOXTNR Label

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

SPMCA-027 Packaging
Information: Figure 20 Inner Box Barcode Label Sample_(BOXTNR) .-,"
Lotcostoromm AG 3
T oo (i &
‘i
packaging Option St T
{Roflow code) T o)!,{' L] W [t sl PO 590mm x 330mm x 245mm
Packaging type Rail/Tube (RS . Outer box(480cap)
“3we . FAIRCTHILD SEMICONDUCTON
Qty per Tube/ Inner Box 10 FKS Label
Inner Box Dimension (mm) 570x150x55 Outer Box Barcode Label Sample_(BBX)
Max qty per Box 60 PART 1D ary g%aé gg 01
OuterBox Dimsnslon () 590305 LTy [ AR ] 25
S - || |I | I |I I || "l " ||| |||I| ||||| ||| 1
S PM CA 027 Tu be FAIRCHILD SEMICONDUCTOR CORPORATION. @mars

Information: Figure 3.0
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Note: All dimensions are in mm
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NOTES:

A : ALL DIMENSION ARE IN MILLIMETERS UNLESS
OTHERWISE SPECIFIED
B : DRAWING FIEL NAME : PKG-MOD27BAREV2

Figure 44. Packing Information
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Related Resources

FSBB30CH60D Product Folder

AN-9086 — 600V Motion SPM ®3 Series Mounting Guidance

RD-406 — Reference Design Guide

APPLICATION NOTE

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS

PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.
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https://www.fairchildsemi.com/products/power-management/motor-control/motion-spm-smart-power-modules/FSBB30CH60D.html
https://www.fairchildsemi.com/application-notes/AN/AN-9086.pdf
https://www.fairchildsemi.com/reference-designs/RD-406.pdf
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