FAIRCHILD.

Is Now Part of

ON Semiconductor®

To learn more about ON Semiconductor, please visit our website at
www.onsemi.com

ON Semicond 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.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
icond products, i with all laws, reg; and safety requil or standards, regardless of any support or applications information provided by ON . “Typical” p 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
hnical experts. ON S or 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 icond 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, d and exp andr ble attorney fees arising out
of, directly or indirectly, any claim of personal injury or death iated with such ded or ized use, even if such claim alleges that ON S or was garding 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.




October 2016

ON Semiconductor

AN-8422

650 V Auto SPM® Series
Automotive 3-Phase IGBT Smart Power Module User’s Guide

Table of Contents

1 T8 oo [ U1 1T o PP RT PP PURRTRI 2
1.1 [T [o ] o @] [o =T o S5 PP PPPPt 2
1.2 Ordering INFOMMALION .........ue s 3
1.3 Features and INntegrated FUNCHIONS .........uuuuiiieiiieiiieieieieieteieeseeeeeseesesssesessssesssssesessssssssssssssssssnsnssennnes 3
2 L 0T LU Lo B3 Y 101 1 PP PPt 4
2.1 (D=1 = 11 (= To I T o T = T o o4 o PP PPPPNt 5
2.2 Data Sheet EXPIANALION ..........uuuiiiiiiiiiiiieiiiiieieieieeeeeeeeeaeeeesessseeeeseeesessseeesessssssesssessresssesnsaressrnnnnnrnnnres 6
2.3 Electrical Characteristics (T;=25°C, unless otherwise specified) .......ccccccceeiiiiiiiiiiiiee e, 9
3 = T3 =T 1= PRSPPI 10
3.1 ISOIALION DISTANCE ......ciiiieeie ittt ettt et e st et e st et e e s e e e s s e e e s nn e e s nnnneee s 11
3.2 Mounting Method and PreCaAULIONS ............uuuieiiiiiiiiieieieieeeiieeeeeeeeesessssareerereeerareeererereeereea—. 12
3.3 Thermal IMPEAANCE ......cooiiiiie ettt e st e e e st bt e e e sabb e e e e sbneeeeanes 13
3.4 Detailed Package OUutling DIAWINGS .......eeieiiiiiieiiiiie ittt e e nnbae e e s sanneee s 14
3.5 Marking INFOIMALION ........eiiiiiiiie ittt e et e e s bbbt e e s nba e e e s annneee s 15
4 Operating Sequence fOr ProtECTIONS .......oooiiiiiiiiiie e 16
4.1 Short-CirCuit Prote@CtION (SCP) ...ccciuiiiieiiiiie ettt ettt e e e 16
4.2 Under-Voltage LOCKOUL PrOtECLION ........uuiiiiiiiiei ettt ettt s 17
5 Key Parameter DeSign GUIGANCE .......uiiiiiiiiieeiiieie ettt s 18
5.1 Shunt Resistor Selection for Current Sensing & ProteCtion............ccccevviiieiniiiie e, 18
5.2 Shunt Voltage FiltEIrNG .......ooo i e e e e 19
5.3 SOFE TUIM=OFT L.t s et e e e et e e et e e e s e e e e et e e e e e nneas 20
54 L= LU L@ 101 10 | A O 1o 1 PP PPPPPt 21
5.5 Circuit of Input Signal (INCXH), IN(XL)) «.uunuee s 21
5.6 (2 T0T0) 511 =Y o O | (ol 11 B L= [ | o PP PPPPPPRt 22
5.6.1 Operation of BOOtStrap CirCUIL.........ccooeeiii i, 22
5.6.2 Selection of Bootstrap Capacitor Considering Initial Charging .........cccooeeeeeieiiiieiiiiceccccecccecce 22
5.6.3 Selection of Bootstrap Capacitor Considering Operation Conditions .............ccccevviiiieiviiieee e, 24
5.6.4 Selection Of BOOISIIAP DIOUE. .......ciuuiiieiiiiiie ittt et e e e e e e e 25
5.6.5 Selection Of BOOISIrAP RESISION. .......uiiiiiiiiiie it e e e e e 25
5.7 Thermal SENSING UNIE (TSU) .eeiiiiiiiiiiiiiee ettt e e et e e et e e e sbeeeeeanbaeeeeane 25
6 Printed Circuit Board (PCB) DESION ....cciiiuiiiieiiiiiie ittt ettt e e e e s nnaneee s 27
6.1 General Application CirCUit EXAMPIE .........ooiiiiiiiiiiiiiie et 27
6.2 PCB LAYOUL GUILANCE.....ceiiiiiiiiieiiiiee ettt ettt e e sttt e e sttt e e s bb e e e e s nteeaesnbeeaesnnnneee s 28
7 Maximum APPLCAtION CUMTENT ... ..t e et e e e e e e bebeeeaaaeeeas 29
8 (= 103 (g o N ] o] 4 = LA Lo o (PRSPPI 30
© 2016 Semiconductor Component Industries, LLC Www.onsemi.com

Rev. 1.0 « 11/1/16 1



AN-8422

1 Introduction

The Auto SPM® Series extends the existing Smart Power
Module product portfolio, qualifying them to meet the
performance and reliability requirements of automotive
auxiliary motor drives in Hybrid and Electric Vehicle
applications. Additionally, the Auto SPM® increases the
component integration, reduces footprint and simplifies
assembly.

This application note supports the 650 V Auto SPM® Series.
It should be used in conjunction with the relevant datasheet
FAMG65V05DF1, which is the lead product of this portfolio.
FAM65V05DF1 is a 27-pin 650 V/50 A, 3-phase Smart
Power Module, Automotive qualified to meet the growing
needs of the Hybrid & Electric Vehicles market.

1.1 Design Concept

The design provides a minimized package and low power
consumption module with improved reliability. This is

APPLICATION NOTE

achieved by applying an automotive-qualified 650 V gate-
driving High-Voltage Integrated Circuit (HVIC), Field Stop
Trench IGBTs with Stealth diodes optimized for motor
control, and improved Direct Bonded Copper (DBC)
substrate transfer molded package. FAM65V05DF1
achieves reduced board size and improved reliability
compared to existing discrete solutions. Target applications
are automotive motor drives such as air conditioner
compressors, oil pumps and other auxiliary motors in
Hybrid and Electric Vehicles.

FAM65V05DF1 includes features to enhance system
reliability, including temperature sensing, over-current
detection with soft-shutdown, and under-voltage lockout.
The temperature-sensing function is implemented in the
LVIC, generating an analog voltage which is proportional to
temperature.

Figure 1. External View and Internal Structure of the Auto SPM® Series (FAM65VO05DF1)

© 2016 Semiconductor Component Industries, LLC
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1.2 Ordering Information VB —
vce
ouT——
FAM 65 V05 DF 1 e o
T ™ Rev1
Fairchild Automotive Gate driver with temp sense |
Module Isolated substrate VB
650V rating 50A rated vee OUTH
B6 Bridge +—| COM
IN S 25)V
Figure 2. Ordering Information
VB
vce
ouT——
1.3 Features and Integrated CcoM
Functions IN v 29)u
=  DBC Substrate
- Excellent Thermal Conductivity, Keeping (8)C ouT
. . . = (WL)
2500 Vs Isolation Voltage from Pin to Heat Sink }(7) Vis \C;(s:
(23) Ny,
= Integrated Components: (6) Veo VFO
- One-Channel HVIC (three HVICs) for High-Side
Control IN(WL) OUT(VL)——
- Three-Channel LVIC (one LVIC) for Low-Side IN(VL) @) Ny,
Control IN(UL)
- Six IGBT / Diode Power Switches CoM oty
= Control Drive Supply: vee VSL—‘ 21) Ny

- Single DC Supply Compatible
®= High-Side Gate Driver (One-Channel)
- High-Voltage Level-Shift Circuit

Figure 3. Internal Equivalent Circuit, Input / Output Pins

- Input interface: Active HIGH >‘§‘>§ o >§>§ ~ >‘§‘>§ ~ IR zgzgzgé>§
- Compatible for 3.3 V Controller Outputs g § Eé g@ >§§ § g >§,z§ IO é;’:;’: DS
- Under-Voltage Lockout without Fault Signal n n gg ﬂ_n gg gé [‘lﬂ ﬂ ﬂﬂﬂﬂ [‘l
®=  Low-Side Gate Driver (Three-Channel) ﬂ n ” ﬂ
- Input Interface: Active HIGH O o
- Compatible for 3.3 V Controller Outputs J
- Under-Voltage Lockout with Fault Signal
- Short-Circuit, Over-Current Protection D
= Soft Turn-off Prevents Excessive Surge Voltage
= Temperature Sensing of LVIC
C O

(27)p C O
(26) W C
(25)V [::
(23) NWC
22)Ny [
1Ny |

(24) U

Figure 4. Package Top-View and Pin Assignment
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2 Product Synopsis

APPLICATION NOTE

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

Table1. Pin Description

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 CSsC 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

© 2016 Semiconductor Component Industries, LLC

Rev. 1.0 « 11/1/16
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2.1 Detailed Pin Description

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

» Pins: VB(U)_VS(U)Y VB(V)_VS(V)Y VB(W)_VS(W)

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

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

- 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 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 Pin
» Pin: COM
- This is the supply ground pin for the built-in ICs.

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

Signal Input Pins
» Pins: |N(U|_), |N(V|_), |N(W|_), 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 module against noise
influences.

- To prevent signal oscillations, RC coupling is
recommended, as illustrated in Figure 31.

APPLICATION NOTE

Analog Temperature Sensing Output Pin
P Pin: Vi

- This indicates the temperature of the 3-phase LVIC
with an analog voltage output. The LVIC itself
creates some heating, but it mostly indicates the
heat generated from the IGBTS.

- Vs versus temperature characteristics are
illustrated in Figure 40.

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

- Depending on the current detecting resistor
topology (Figure 24), a low-pass filter may be
inserted before the Cgc pin.

- 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

P Pin: Vo

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

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

- The Vo output is open drain configured. The Vg

signal line should be pulled to the 5V logic power
supply with approximately 4.7 k< 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 IGBTS.

- 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).

© 2016 Semiconductor Component Industries, LLC
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=  Negative DC-Link Pins
> Pins: NU, NV, NW

- These are the DC-link negative power supply pins - Inverter output pins for connecting to the inverter
(power ground) of the inverter.

APPLICATION NOTE

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

load (e.g. motor).

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

2.2 Data Sheet Explanation
Table 2. Inverter
Symbol Parameter Explanation
The package has internal stray inductance that will generate additional voltage
surges to the IGBT and diodes during switching, compared to the device power
leads. This parameter indicates the maximum voltage at the power pins during
switching, so that the resulting internal voltage of the IGBT/diode remains
below the avalanche breakdown rating (defined at room temperature).
This parameter depends on the Breakdown Voltage (BVcess) of the selected
IGBT/diode, gate driver resistance, and stray inductance of the module. These
terms are defined and fixed by the design of the module. The Vpn(surgey Of the
Vensurge) | Supply Voltage (Surge) datasheet excludes the stray inductance of the application itself.
The stray inductance of the system as well as the selected Vcc and Vas can
also impact the dl/dt and consequently the voltage generated internally at the
IGBT/diode. In case the dl/dt or stray inductance in the application is higher
than the value reported in the data sheet condition, the user would need to
recalculate the max Vensurgey With reference to the Reverse Bias Safe
Operating Area (RBSOA) curve of the datasheet, that can be applied safely to
the module without risk of generating a surge voltage at the IGBT/diode
beyond its rated BVcess.
V. Collector-emitter Voltage at the Rated breakdown voltage of the module, at room temperature, voltage beyond
CES | IGBT/Diode this level can cause an avalanche event
+lc IGBT Continuous Collector Current | Maximum continuous current resulting in T;= 175°C
+icr | IGBT Peak Collector Pulse Current i’;}gﬂ(ccollector pulse current 1ms at Vcc=Ves=15V, Tc= 25°C resulting in T,=
Pc Collector Dissipation Cailculat:ad based on max rated T; and Ruje. Under this condition, Tc= 25°C,
T,=175°C
T, Junction Temperature Maximum operating temperature range for the IGBT/Diode and the driver IC.
Table3. Control Part
Symbol Parameter Conditions Rating Unit
Vee Control Supply Voltage Applied between Vceny, Vecw) - COM
Vas High-Side Control Bias Voltage Cpplled between Vew) - Vs, Vew) - Vsw, Vaw) - Maximum rating based
S(W) ;
: on design
Vi Input Signal Voltage Applied between INur), INcvr), INwr), INwo, INv, characteristics;
INw) - COM condition beyond
Vro Fault Output Supply Voltage Applied between Veo - COM specification can
5 - damage the device
Iro Fault Output Current Sink Current at Veo Pin
Vsc Current Sensing Input Voltage | Applied between Csc - COM

© 2016 Semiconductor Component Industries, LLC
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Table 4. Total System
Symbol Parameter Explanations
Tste Storage Temperature This is the maximum storage temperature -40~125| °C
Viso Isolation Voltage 60 Hz, Sinusoidal, 1-Minute, Connect Pins to Heat Sink 2500 | Vims
T Max lead temperature at the base of |To prevent re-melt of the leads at the base during 200 oC
LEAD | the package during PCB assembly  |soldering on the PCB
Table 5. Thermal Resistance
Symbol Parameter Explanations
Maximum value for the IGBT, measurement based on the MIL STD 883-
Ring-c)q 1012 under single chip heating condition, with the case reference point
) . taken under the chip
Junction-to-Case Thermal Resistance : -
Maximum value for the diodes; measurement based on the MIL STD
Ring-c)F 883-1012, under single chip heating condition, with the case reference
point taken under the chip
Stray inductance between P-U/V/W and U/V/W and —NU, NV, NW (total
L Package Stray Inductance from P to  |loop), measurement based on IEC 60747-15. This inductance will define
g

NUI NVI NW

the internal voltage overshoot at the IGBT/diode during switching based
on the linear function (Vovershoot = Lo * di/dt)

© 2016 Semiconductor Component Industries, LLC
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Table 6.

Recommended Operating Conditions

APPLICATION NOTE

Symbol Parameter

Conditions

Explanation

Ven Supply Voltage

Applied between P - NU, NV, NW

Application testing under this condition
shows margin against avalanche; In
case the overshoot come closer to the
device capability, it is better to place
snubbers to reduce overshoot

Vee Control Supply Voltage

Applied between Vceny, Veew) - COM

Vas High-Side Bias Voltage

Applied between Vaw) - Vsw), VBwv) -
Vsv), VBw) - Vsw)

This voltage is directly applied to the
gate of the low/high side IGBTs. Lower
voltage would result in higher losses;
higher voltage would increase ringing
during switching and also reduce the
short circuit withstand time.

dVccl/dt, . To prevent abnormal behavior of the
dVas/dt Control Supply Variation gate driver
Blanking Time for Preventing
toeaD Short Circuit through High and | For Each Input Signal Prevent shoot through
Low Side IGBTs
. -40°C < T¢ < 125°C, -40°C < T; < | Switching frequency is limited by the
fPwn it Uit ey 150°C driver delay time and device efficiency
A - Excessive offset between low-side
. pplied between Nu, Ny, Nw emitter and gate driver ground can
Vsen VBl o CLUIE — COM (Including surge voltage) cause switching issues or trigger the
Under Voltage Lockout.
T Junction Temperature Recommend operating junction

temperature for long-term reliability

© 2016 Semiconductor Component Industries, LLC
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APPLICATION NOTE

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

Table 7. Inverter Part
Symbol Parameter Explanations
Collector — Emitter o . . . .
VCE(sAT) Saturation Voltage This is the maximum saturation voltage of the IGBT under given test conditions
This is the maximum forward voltage of the freewheeling diode under given
Ve Forward Voltage test conditions
ton
tcon)
HS torr
tcorr
t
. i Switching Times See Figure 6 (Switching Time Definition)
ON
tc(on)
LS torF
tc(orm
tl’l’
| Collector — Emitter Leakage | This is the maximum leakage current of the IGBT and diode in blocking state
‘S Current under given test conditions
This is the duration the device can withstand a short circuit under given
- ' conditions. The system must shut down before this time to protect the IGBT
s Sllgercuit Withstand Time from thermal failure. The short-circuit protection function helps to accomplish
this.
Note:

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

15

l o D o

Figure 5. Switching Evaluation Circuit

1 - "y mmoa
+ i
. I*— 00—~ Ol g HINX
‘ | T Sl LINX
—— 3 L l -
Lot =L :
-’ | . T ! tre
el T T "' b X —
| swerning mamp "l"‘_‘_ s ‘ 450V tost ton }
© g i
15 - I r— :.O—I—UT P N_ 100% ley
Y . 'V ‘
| A
O ‘ ﬁ | B S0% lex
| — s &
— =4 R -0 " 3
Betmig Peive I - . . . 10% Veey
2 A s i v J0% Veex | 10% lox 10%
B -l ' —
= ] = = te(ofy

Figure 6. Switching Time Definition

© 2016 Semiconductor Component Industries, LLC

Rev. 1.0 « 11/1/16

www.onsemi.com




AN-8422 APPLICATION NOTE
Table 8. Control Part
Symbol Parameter Conditions
I .
QceH | Quiescent Ve Supply This is the leakage current of the ICs in non-operating mode, under given test conditions
locc | Current
Ipcen Operating High-Side
Vee Supply Current This is the leakage current of the high side / low side ICs in operating mode, under given
| Operating Low-Side Vcc | test conditions.
PCCL | Supply Current
Quiescent Vs Supply . . . .
lges Current This is the leakage current flowing through Vs in non-operating mode
Operating Vas Supply . . . .
Ipes Current This is the leakage current flowing through Vss in operating mode.
VEoH .
Fault Output Voltage See section 0
VroL
Vscpen | Short-Circuit Trip Level® | See section 4.1
UVcep
UVeer | Supply Circuit,
Under-Voltage See section 4.2
UVesp | protection
UVesr
trop Fault-Out Pulse Width | This is the typical duration of the Fault Output flag
Vinony | ON Threshold Voltage | Input voltage of the IC needs to be higher to turn on the IGBT
Vinorr | OFF Threshold Voltage | Input voltage of the IC needs to be lower to turn off the IGBT
Note:

2. Short-circuit protection is implemented only by turn-off of the low-sides IGBTSs.

3 Package

Heat dissipation is an important factor limiting the current
capability of the power module. The characteristics of how
the package dissipates heat are important in determining the
performance. A trade-off exists among heat dissipation
characteristics, package size, and voltage isolation

characteristics. The key to good package technology lies in
package size while maintaining
and

designing a small
outstanding heat dissipation characteristics
compromising the isolation rating.

not

The 27 pin Auto SPM® Series is developed with a DBC
substrate that results in good heat dissipation characteristics.
Power die are attached directly to the DBC substrate. This

technology achieves improved reliability and heat
dissipation.

Figure 7 shows the vertical structure of the
FAM65V05DF1.

EMC (Epoxy Mold Compond)

Ceramic Layer

Copper Layer
Copper Layer

Figure 7. Vertical Structure of FAM65VO5DF1
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3.1 Isolation Distance

The isolation distances of the 27 pin Auto SPM® module are
shown in Figure 8, Figure 9, Figure 10, and Figure 11.

=0T Ueewl 0

IR
1. Creepage Distance: 4.62mm
2. Clearance Distance: 4.42mm
3. Clearance Distance: 6.32mm

e - ! ‘ S R |
=== =R==]]=]I=!!~
L‘ ’ :
- o ‘l'_‘ 5 !u Y i
Figure 8. Isolation Distance between Power Pins
Urst : men
i ASRAARA ¢ el ian | pe N
= S
B evrs: Wiperlrnhe |
= O O B A
R - - - - : d
m i
1 Dwrreny Lusd tn Washer (0060 )
OF § Oaavence! Crompagn dosana 1. 7%wn
~ 0)  Cemrances (Creepage detsas L 50w
Figure 9. Isolation Distance between Live Dummy Pins

and Mounting Screws

APPLICATION NOTE

1. Clearance Distance: 4.13 mm

2. Clearance Distance: 4.00 mm
3. Creepage Distance

Figure 10. Isolation Distance between Signal Pins and
High Potential Pins

] —_—]
f M1 |

|l
| 1. Clearance Distance of Power and Signal Lead - 3. 10mm||
||| 2. Crespage Distance of Power Lead © 4 23mm {
I 3, Creepage Dhstance of Signal Lead 1: 6.91mm i Il
| 4 Creepage Distance of Signal Lead 2- 4.63mm i |
Signal
Lead |

Signal
Lead 2

Power

Lead
Figure 11. Isolation Distance between Heatsink and Pins
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3.2 Mounting Method and
Precautions

When installing a module to a heat sink, do not apply
excessive torque on the mounting screws. This may cause
ceramic cracks as well as destruction of screws and the heat
sink. Figure 12 shows the recommended fastening order.
Avoid tightening one side at a time, as this can also damage
the ceramic substrate. The pre-screwing torque should be set
to 20~30% of the maximum torque rating. SEMS screws are
recommended, including spring or plain washer.

» 2

v 1

Pre-Screwing @ 1
Final Screwing : 7

Figure 12. Mounting Screws Fastening Order

by,

Figure 13. SEMS Screw (Size M3, Spring Washer 5.00,
Plain Washer 7.5®)

Figure 14 and Figure 15 show the flatness measurement
points for the package and the heat sink. To get the most
effective heat dissipation, it is necessary to enlarge the
contact area between package and heat sink as much as

APPLICATION NOTE

Properly apply thermal-conductive grease over the contact
surface between the module and the heat sink. Apply a
minimum of 150 um layer of thermal grease to the module
base plate or heat sink. While fastening the module, a rim of
thermal compound must be observed around the mounted
module.

Thermal-conductive grease is also useful for preventing
contact surface corrosion. Ensure the grease has stable
quality and long endurance within the full operating
temperature range. Use care to keep the contact surface free
of any contaminants.

. (+)

Qi =SS G S ———

; —
[qlw) Wl L b|

LR
{4
‘l'

(+)

Figure 14. Package Surface Flatness

Surface
applied grease
s o

e P —

Heat sink flatness range

Base plate
edge

Figure 15. Heat Sink Flatness

possible.
Table 9. Mechanical Characteristics and Ratings
o Value )
Parameter Conditions - Unit
Min. | Typ. | Max.
Device Flatness See Figure 14 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

© 2016 Semiconductor Component Industries, LLC
Rev. 1.0 « 11/1/16
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3.3 Thermal Impedance

Figure 16 shows the thermal equivalent circuit of the 27-

pin Auto SPM® module mounted on a heatsink. For

sustained power dissipation Pp at the junction, the
junction temperature T, can be calculated as:

T, =Py (Rayc + Ries + Rga) + Ty (N

Where T, is the ambient temperature and Rg;c, Recs, and
Rgsa represent the thermal resistance from the junction-to-
case, case-to-heatsink, and the heatsink-to-ambient for
each IGBT and diode within the package, respectively.
From equation (1), it is evident that for a limited Ty
(175°C), Pp can be increased by reducing Rgsa. This
means that a more efficient cooling system will increase
the power dissipation capability of Auto SPM® modules.

APPLICATION NOTE

An infinite heat sink will result if Rocs and Rgsa 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 cyclical.
Thermal capacitance delays the rise in junction
temperature, and thus permits a heavier loading of the
Auto SPM® package. Therefore the transient RC
equivalent circuit shown in Figure 16 should be
considered. For example, the RC values shown in Table
10 represent a 6™-order Foster thermal model for a typical
FAM65V05DF1 module, including 2% solder void. These
values correspond to the typical impedance curves shown
in Figure 17. This model can be used to simulate the
thermal response of a given application within SPICE
applications.

T, — Table 10. 6™-Order Junction-Case Thermal Network
N IGBT DIODE
R (Q C(F R(Q C(F
IN — Nth-order @) (F) @ )
Zosc 1 0.088 0.341 -0.07 -1.429
2 -0.04 -0.025 0.105 0.762
_/ 3 -8e-4 -6.25e-3 0.1 0.4
4 0.16 0.05 0.26 0.038
Recs 5 -4e-3 -0.225 0.12 8.33e-3
6 0.105 4.76e-3 -be-4 -2e-3
ZGSA
Ta
Figure 16. Transient Thermal Equivalent Circuit with a
Heat-Sink
1.00 1.00
u% ) __.,..---""'""“ ug -
o ’r/ (]
[%2] ’ [%2]
c e c
2 010 l 2 o010
3 prad S ’
o ot @
: / &/
£ /’ g ,’
2 ," 2 /
[= / = /
/, /
’ /
4
0.01 T T T 0.01 T T T 1
0.0001 0.001 0.01 0.1 0.0001 0.001 0.01 0.1 1
= |GBT_single-chip_max ====|GBT_total_heating_typical ‘ ——— DIODE_single_chip_max = = DIODE_total_heating_typical ‘

(1) Thermal Impedance Graph of IGBT

(2) Thermal Impedance Graph of FRD

Figure 17. Thermal Impedance Graphs (FAM65V05DF1)
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APPLICATION NOTE

3.4 Detailed Package Outline Drawings
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Figure 18. Package Drawings
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3.5 Marking Information

* MARKING LAY-OUT

_+_
&

IRV N LR A R pER
* MARKING DIMENSION

2000
1.50
LI
o To0 o
g :
g |- - = g
%%ﬁ%&m 1
|
|
= =
i ]~
_nss §|
1.3
X Alphabet

Data Matrix Code. 2D data: 2010 A
FAMBSVOSDFT XXX YWW A 0000001 2011 B
2012 [
Part ﬂ'-lmbﬂf—r I— 7 digit serial number 2013 D
Lot Mo. Machine ID{One character A~Z) [ 2014 E
Date code 2015 F
2016 G
2017 H
2018 J
20149 K
2020 A

Figure 19. Marking Information

Note: Marking pattern shown for final production version, which slightly differ from previous engineering versions.
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4 Operating Sequence for Protections

4.1 Short-Circuit Protection (SCP)

The FAM65V05DF1 uses a shunt resistor for short-circuit
detection, as shown in Figure 20. The low-side driver has a
built-in short-circuit protection function. This function
senses the voltage to the CSC pin. If this voltage exceeds
the Vscpen (the threshold voltage trip level of the short-
circuit, typical is 0.5 V), a fault signal is asserted and all low
side IGBTSs are turned off. Typically, the maximum short-

4 N
p Motion SPM
Isc (Short-Circuit Current) K?
VH WH ¢ Motor
Pl
—=C m
»*
q Short!
T Circuit !
45
.
N -
> wL
.....................................................
LPF
Circuit
. of SCP
Isc (Short-circuit Current)
- J

Figure 20. Operation of Short-Circuit Protection

APPLICATION NOTE

circuit current magnitude is gate-voltage dependent: higher
gate voltage (Vcc & Vps) 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 short-circuit protection timing chart is
given in Figure 21 and described in Table 11.

Lower arms
control input

ImEmMrs

.

Protection SET RESET
circuit state [
Lower arms R@
gate input A3
A2
SC

Al

Output Current A8

. SC Reference Voltage
Sensing Voltage

.

t
A5 FOD -

Fault Output Signal

Figure 21. Timing Chart of Short-Circuit Protection
Function

Table 11. Timing Steps for Short-Circuit Protection Function

Step Description
Al Normal operation. IGBT on and carrying current
A2 Short-circuit current threshold reached
A3 Protection function triggered
A4 IGBT turns off with soft turn-off
A5 Fault output activated (initial delay 2 s, trop min. 50 ps)
A6 IGBT “LO” input
A7 IGBT “HI” input is ignored
A8 Current stays at zero during fault state

© 2016 Semiconductor Component Industries, LLC
Rev. 1.0 « 11/1/16
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4.2 Under-Voltage Lockout Protection

Both the low-side driver IC and the high-side driver IC have
an Under-Voltage Lockout (UVLO) protection function to
protect the IGBTs from operation with insufficient gate
driving voltage. The low-side UVLO status is indicated with
the fault output, while the high-side does not have a fault
output. If the developer experiences unexpected shutdowns
without an indication on the fault output, it is recommended
to check the high side Vcc and Vg. The UVLO timing is
illustrated in Figure 22 and Figure 23. The timing steps are
described in Table 12 and Table 13.

¢

Protection Circuit

State RESET

SET RESET

UVecr Filtering

B1 oy
‘ccd B3

B2
Regftart B4

B7
High-level (no fault output) 85
|_55_

Figure 22. Timing Chart of Low-Side Under-Voltage
Protection Function

Control B

Supply Voltage

Output Current

Fault Output Signal

Table 12. Timing Steps for Low-Side Under-Voltage
Protection Function

Step Description
Control supply voltage rises above reset voltage
B1
UVccr
B2 |Normal operation. IGBT on and carrying current
Control supply voltage falls below detection voltage
B3
UVcep
B4 Filtered supply voltage falls below UVccp and IGBT
turns off
Fault output activated (initial delay 2 s, trop min.
B5
50ps)
Control supply voltage rises above reset voltage
B6
UVcer
B7 IGBT “HI” input is followed after fault output duration
and supply voltage rise

APPLICATION NOTE

(d

Protection Circuit

State RESET

SET RESET

UVasr Filtering

UVess EX

Regtart c4

D

High-level (no fault output) ¥

Cc1 CH

Control
Supply Voltage

Cc2 ce

Fault Output Signal

Figure 23. Timing Chart of High-Side Under-Voltage
Protection Function

Table 13. Timing Steps for High-Side Under-
Voltage Protection Function

Output Current

Step Description
Control supply voltage rises above reset voltage
C1
UVcer
Cc2 Normal operation. IGBT on and carrying current
Control supply voltage falls below detection voltage
C3
UVcep
ca Filtered supply voltage falls below UVccp and IGBT
turns off
Control supply voltage rises above reset voltage
C5
UVccr
C6 | IGBT “HI” input is followed after supply voltage rise

© 2016 Semiconductor Component Industries, LLC
Rev. 1.0 « 11/1/16
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5 Key Parameter Design Guidance

APPLICATION NOTE

For stable operation, there are recommended parameters for passive components and bias conditions, considering operating

characteristics of the FAM65V05DF1.

5.1 Shunt Resistor Selection for
Current Sensing & Protection
Figure 24 shows examples of recommended circuitry for
over-current & short-circuit protection. For simplest
operation, the shunt voltage can be connected to the CSC
pin through an RC filter (a). The RC time constant should
be lower than 2 ps to enable shutdown within the short-
circuit safe operating area. If multiple shunt resistors are
used, a voltage follower circuit may be implemented (b).

For best efficiency, it is recommended to connect the “N”
power terminals directly to the low-side driver COM
terminal (c). By adding a shunt between the low-side device
emitters and the driver COM, the driver current loop is
enlarged. This adds common inductance to the driver loop,
which decreases the switching speed and increases device

s

HVIC
. Level Shift
. Gate Drive
.UVLO

vce LVIC

. Gate Drive
.UvLO
. SCP

VFO

RSHUNT
+ -

'

W s Short Circuit
Re :Currem (Isc)
]

v

+ JCsC

Vesc

COM

Csc

1l

(a) RC Filter

High side
. Level Shift
. Gate Drive
.UVLO

/1

VDD

Low side
. Gate Drive
.UvLO
. SCP

VF

Short Circuit
Current (Isc)

COM CsC

Voltage
Follower

(b) Voltage Follower

switching losses. In this case, an inverting op-amp circuit
should be added to invert the shunt voltage. Using an op-
amp circuit also adds the option of choosing the circuit gain.
This enables the use of a smaller shunt resistor.

The specifications for the short-circuit reference are shown
in Table 14.

Table 14. OCP & SCP Level (Vscgen) Specification

Conditions Min. | Typ.| Max. | Unit

Specification at T;=25°C,

Vcc:15 V v

0.43 | 0.50 | 0.57

High side
Lovel Shify
Gate Drive
wiLo

vbo

Low side
Gate Drive
UvLO

. SCP

com CcscC

3 ES

(c) Recommended Circuit with Inverting Op-amp
and Gain

Figure 24. Recommended Circuitry for Over-Current & Short-Circuit Protection
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If an op-amp circuit is used to process the shunt voltage
(recommended), the filter gain can be selected to choose the
desired over-current trip level. The following is an example
of shunt resistor selection.

Application Inputs:

= Over- Current Trip Level Iscmax) = 1.5 X lc(max)

= DC Link Voltage Vpc =400V
=  Max. Load Current lrms =25 A

=  Max. Peak Load Current lcimax) = 50 A
= Modulation Index MI=0.9

=  Power Factor PF=0.75

= Inverter Efficiency Eff =0.95

The following calculations consider a 1 W shunt resistor
with 70% de-rating ratio at hot temperature. \An additional
50% safety factor is added to the rating.

" Output Voltage Vipms = 32 x MI x 2€ = 2205V
" Pour=vV3 X Vi_rms X Irms X PF=7.16 kW
= Average DC Current lpc = Poyt/Eff / Vpc=18.8 A

= Shunt Resistance = 1.0 W * 70% * 50% / lpc?
=0.99 mQ

The op-amp gain resistors (R and R;) can then be set to
match the desired trip level. The shunt and gain resistor
tolerances can be chosen to match the desired trip tolerance.
This example considers 1% tolerance resistors.

" Gain = Re/ R = Vren / ( Iscmax*Rshunt)=6.67

= Re=66.5kQ. Ry = 10kQ

" lscayn = Vseuyn / (Rsnyn™ Reyn) / Ringypy )= 752 A

" lscmay) = Vsemax) ! ( Rsngminy™ Reminy / Ringmaxy ) = 88.3 A
" lseming = Vie(miny / ( Rehmaxy™ Remax) / Ringminy) = 62.8 A

5.2 Shunt Voltage Filtering

Figure 25 shows the timing diagram of the FAM65V05DF1
for Short-Circuit Protection (SCP) circuit operation.
Filtering the shunt wvoltage prevents SCP circuit
malfunction. The filter time constant is determined by the
applied noise time and the Short-Circuit Withstanding Time
(SCWT) of the module. When the V¢ voltage exceeds the
SCP level, this is applied to the CSC pin via the filter. The
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 filter of
Vese.

APPLICATION NOTE

»
>

T5

AAAA
A
Y

T4

A
Y

> T3
T1 | T2

VIN

I—OUT

VCSC

|SC

VEo
Figure 25. Timing Diagram

= V)\: Voltage of input signal.
" Lour: Ve of low-side IGBT.
" Vcsc: Voltage of CSC pin.
" |gc: Short-circuit current.
" Vio: Voltage of VFO pin.
= T1: filtering time of RC filter of V¢sc.

= T2:filtering time of CSC. If V¢gc width is less than T2,
SCP does not operate.

= T3: delay from CSC triggering to gate-voltage down.
= T4: delay from CSC triggering to short-circuit current.
= T5: delay from CSC triggering to fault-out signal.

Table 15. Over-Current Timing

—oro | =ne Max. at
Typ. at T,=25°C | Typ. at T,=150°C T,=25°C
T2=0.25 ps T2=0.09 us
T3=0.62 ps T3=0.57 us Considering £20%
Dispersion,
T4=3 ps T4=3.3 ps T4=3.6 s
T5=4.1 ps T5=4.25 ys
Note:

3. To guarantee safe short-circuit protection under all
operating conditions, Csc should be triggered within
1.0 ps after short-circuit occurs. (SCWT < 5.0 ps,
Conditions: Vpc=450 V, Vcc=15 V, TJ=150°1).

© 2016 Semiconductor Component Industries, LLC
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5.3 Soft Turn-Off

The LVIC soft turn-off function protects the low side
IGBTs from over-voltage during a short-circuit turn-off
condition. During a short circuit, a large dl/dt of the
collector current causes a large surge voltage across the
IGBT. This surge voltage can cause destruction of the IGBT
by over-voltage. The soft turn-off function prevents this by
slowly discharging Vg (gate-to-emitter voltage of IGBT).

An internal block diagram of LVIC is shown in Figure 26.
The operation sequence of soft turn-off is shown in Figure
27. This function operates by two internal protection
functions (UVLO and SCP). When the IGBT is turned off in
normal conditions, the LVIC turns off the IGBT
immediately by turn-off gate signal (IN(xL)) of the gate
driver. The gate is discharged through the output buffer .
When the IGBT is turned off by a protection function, the
gate driver is disabled by the protection function signal and
the protection circuit enables the soft-off function. Vg
(IGBT gate-emitter voltage) is discharged slowly through
the soft turn-off path @.

UVLO LVIC\

(Under-Voltage Lock

Out)
SCP
(Short-circuit Current

Protection)

1<

Output
Buffer

o LO
Restart - _Pre __5%_ D)
Driver | | &

Gate Driver]| %
3
Protection Circuit Timer |—

+—{ Soft-off
TSU
~r

Figure 26. Internal Block Diagram of LVIC

CFOD

(" ve.  LVIC|IGBT )
Gate Driver |
Pre Output .
Driver Buffer
- i on [|©
Restart off _'61
A
e
-------- — Soft-off i
S % Q VFO
Oon
1 .
|
\_ =

_J
Figure 27. Operating Sequence of Soft Turn-Off

APPLICATION NOTE

Figure 28 shows a normal turn-off switching operation
performed at Vpc = 450 V. Figure 29 shows a turn-off event
that is triggered by the soft turn-off function. The hard turn-
off of the IGBT creates a much larger overshoot (77 V
compared to 10 V).

T T
=== EAULT :
. INL v e
AV=77V
"“W.—————_— ol
V., . ,

o § [ ) » d - .._.-4'.,..,”. [ R
e O I A R

Figure 28. Turn-Off by Input
(FAM65VO05DF1, Vpc=450 V, T;=25°C, Ic=70 A)

! EAULT
IN ot
AV=10V
4 AT = e -
- 3 - '3 [ Y

E3 -
EEEEE TSRS
Figure 29. Turn-Off by Soft-Off Function
(FAM65V0O5DF1, Vpc=450 V, T;=25°C, Ic=75 A)
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5.4 Fault Output Circuit
The fault-output pin is open-drain configured, so an
appropriate pull-up resistor should be used. The following
information can be used to determine the fault-output
configuration.

Table 16. Fault-Output Maximum Ratings

Symbol Item Condition | Rating | Unit
Applied N2
Vro sEau:t ?/lcjatlﬁ); o between VO'Eo 3| Vv
pp y g VFO'COM cC -
| Fault Output | Sink Current at 2 mA
Fo Current VFO Pin
Table 17. Fault-Output Characteristics
Symbol | Item Conditions | Min. | Max. | Unit
Vcc=15 V,
Vsc=0, Vro
Vron Fault | Circuit: 4.7 kQ to 4.5 v
Output 5V PU"'Up
Sulpply Vee=15V,
Voltage Vsc=1V, Veo
VFoL Circuit: 4.7 kQ to 0.8 v
5V Pull-Up
0.40
T,=150[°C]
0.35
0.30
0.25
> 020
>S 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
I, [MA]

Figure 30. Voltage-Current Characteristics of Vo
Terminal

APPLICATION NOTE

5.5 Circuit of Input Signal (IN(xH),
IN(xL))

Figure 31 shows the I/O interface circuit between the MCU
and FAM65V05DF1 product. Because the input logic is
active HIGH and there are built-in pull-down resistors,
external pull-down resistors are not needed.

— 5V-Line - - ~
MCU Motion SPM 3 Product
Ree=4.7kQ
Nk, [Ny, IN Input -Shi
goH (VH): TRV H Noise Level-Shift | | Gate
Circuit Driver
Filter
Typ. 5 kQ
N, N, N Input
) (VL), (WL) x Noise DG”aV[:r
Filter
Typ. 5 kQ
tivgein = Typ. 450 ns for turn on
= Typ. 250 ns for turn off
. VFO
s CPF:lnFT d ok ﬁ#
1 (com )

Figure 31. Recommended MCU I/O Interface Circuit

The input and fault-output maximum rated voltages are
shown in Table 18. Since the fault-output is open drain, its
rating is Vcct+0.3 V, and 15 V supply interface is possible.
However, it is recommended that the fault output be
configured with the same supplies as the input signals. It is
also recommended that the de-coupling capacitors be placed
at both the MCU and FAM65V05DF1 ends of the Vgo
signal line, as close as possible to each device. The RC
coupling at each input (parts shown dotted in Figure 31) 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 FAM65V05DF1 integrates a
5 kQ (typical) pull-down resistor. Therefore, when using an
external filtering resistor between the MCU output and the
module series input, attention should be given to the signal
voltage drop at the 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 31.

Table 18. Maximum Ratings of Input and VFO Pins

Symbol Item Condition Rating | Unit
. Applied between |,
9 COM(x) cc +0-
Vio Falélltjrc))pul;put Applied between | -0.3 ~ v
Voltage VFo-COM(L) Vcc +0.3
Table 19. Input Threshold Voltage Ratings
(Vec=15V, T3;=25°C)
Symbol Item Condition Min. | Max. | Unit
Turn-On INwr, Ny
UH), VH),
VineoN) T\f}geltsahgoeld INgry - COM(H) 2.6 \%
Turn-Off INwo, INwy
UL), VL),
ViN(oFF) T\f}gelfahg();d Ny - COM(L) 0.8 \
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5.6 Bootstrap Circuit Design
5.6.1

The Vpgs voltage, which is the voltage difference between
Vg (U, V, W) and Vs (U, V, W), provides the supply to the
HVIC within the FAM65V05DF1. This supply must be in
the range of 13.0 V~18.5V 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
method described here. 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
capacitor. The current path of the bootstrap circuit is shown
in Figure 32. 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 (Rgs) from the V¢ supply.

Rgs Dss
=Vt VB VB P
Cos T
N POALE Q) HVIC
_l‘ VCC HO
COM(H) | - vs ~a | [Vpe
Vs ~
L 2 o> __1
Vee ~
_ veew) ——
C L
veeL L wIc o —]
A T SeoM() | N
N
Y

Figure 32. Current Path of Bootstrap Circuit for the
Supply Voltage (Vss) of HVIC with Low-Side IGBT On

5.6.2

Considering Initial Charging

Selection of Bootstrap Capacitor

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:

Vee

1
t = Cgs*Rps*=xIn
charge™ BSTTBS T 5" T Veo-Vas(min-VF-Vis

where:

@

Ve = Forward voltage drop across the bootstrap diode
Vas(miny = The minimum value of the bootstrap voltage
Cgs = Value of the bootstrap capacitor
Vs = Voltage drop across the low-side IGBT or load
0 = Duty ratio of PWM (0 ~ 1).

APPLICATION NOTE

The bootstrap capacitor is charged from the V¢ line while
the low-side IGBT is turned on. Before normal PWM
operation begins, the low-side IGBT on-time should be
sufficient to fully charge the bootstrap capacitor. If Vcc
voltage discharges to UVccp level, the low side is shut
down and a fault signal is activated. To reduce V¢ voltage
drop at initial charging, a large Vcc source capacitor and
using a strategic start-up sequence is recommended.

Figure 33 shows an example of initial bootstrap charging
sequence. Once V¢ is charged, Vgs 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 Vps capacitance in all three phases. If a normal
PWM operation starts before Vs reaches Vyy o reset level,
the high-side IGBTSs cannot switch without creating a fault
signal. It may lead to a failure of motor start in some
applications.

The effects of the bootstrap charging sequence are shown in
Figure 34. With proper capacitor sizing, the low-side inputs
can be turned on to charge the bootstrap capacitors (a).
Alternatively, each phase may be charged individually (b).
Poor capacitor sizing can cause Vcc discharge and a fault
condition (c). If using a PWM startup sequence, longer

charge time will be required ((d) & (e)).

Ven
ov

Vece
ov

VBS
ov

Vine)
ov

Switching or Full Turn on

| Start PWM
e

VinH)

ov EOFF

Figure 33. Timing Chart of Initial Bootstrap Charging
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APPLICATION NOTE

IN(WL, VL, UL)

EFQ
e Vcc
Vesw,v.w)
f Mag. 5V / div.

Time [2ms/div.]
(@) Low-Side Turn-On, Cgs=33 puF

IN(WL,VL,UL) .. T ........... ‘
k Yo
Vesw,v,w)
Mag. 5V / div.

Time [2ms/div.]
(d) 50% PWM Low-Side Turn-On, Cgs=100 puF

IN(UL) =
Ve
Vs
f Mag. 5V / div.

Time [2ms/div.]
(b) Single Low-Side Turn-On, Cgs=100 pF

IN(WL, VL, UL)

Ve Vig
(e b

Viswu.v.w)
Mag. 5V / div.

Time [2ms/div.]

(c) All Low-Side Turn-On, Cgs=100uF

oA

Vro

e

(e) 25% PWM Low-Side Turn-On, Cgs=100 pF

Figure 34. Recommended Initial Bootstrap Capacitors Charging Sequence
(Reference Condition: Vcc=15 V, Vcc Capacitor=220 pF, Rgs=20 Q)
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5.6.3 Selection of Bootstrap Capacitor
Considering Operation Conditions

The bootstrap capacitance can be calculated by:

Cpe = 2K 77
BS AVgs (3)

where:

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

I Leak: Maximum discharge current of the Cgs.

The leakage current comes mainly from the following
mechanisms:

= Gate charge for turning the high-side IGBT on

= Quiescent current to the high-side circuit in HVIC

= |evel-shift charge required by level-shifters in HVIC
= Leakage 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 .y is recommended for the Auto
SPM® products (see datasheet lpgs value). 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 for the
charge drawn from the Cgg 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). Below is an
example calculation of minimum bootstrap capacitance.
Note that this value can change depending on the switching
frequency, selected capacitor, Vgs voltage, and control
method. Figure 35 extends the calculation to a range of
switching frequencies.

Based on switching frequency and recommended AVgs

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

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

" At: maximum on pulse width of high-side IGBT = 0.1
ms (depends on application)

Ileak XAt 4.5mAXx0.1 -
Cgs min = IA:/(BS - m0.1V = =4.5%107° @)
-> More than 2 times > 10~22 uF

APPLICATION NOTE

Conditions : AV =0.1 [V], I __ =4.5[mA]
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Figure 35. Capacitance of Bootstrap Capacitor on
Variation of Switching Frequency

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 the bootstrap
resistor, load condition, output frequency, and switching
frequency. Check the voltage ripple during the maximum
load condition in the system. Figure 36 shows an example
of Vgx-Vs ripple voltage during operation.

Outputcurrent, lout

Bootstrap voltage, VBS

Figure 36. Bootstrap Ripple Voltage During Operation
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5.6.4

When a high side IGBT or diode conducts, the bootstrap
diode (Dgs) supports the entire bus voltage. A withstand
voltage of at least 600V and automotive grade is
recommended. It is important that the diode should be a fast
recovery device (recovery time < 100 ns) to minimize the
amount of charge that is fed back from the bootstrap
capacitor into the Vcc supply. Similarly, the high voltage
reverse leakage current is important if the capacitor has to
store a charge for long periods of time.

5.6.5

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.

Selection of Bootstrap Diode

Selection of Bootstrap Resistor

(Voo —Vas) X1,
Cps X AVgg

Res = ()

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 38.

@1Pulse Limiting Power Curve (e.g 1000 value for reference)

H———=RPCEI— 3 ==
:L/ RPC50-1— : i} 3
S - 13 T
; ——~—RPCI2 t
i e 3 i
2 — ==k 3 3
¥ — | T e 1
= :
2 - ~ L
i 2‘%* — =
! Cot - B = REEas
B —— = B
< = - %Eh-
N I e e = == — 3 == -
__7 _7 — = — —— _4_3 = — e —— o1
I I . S . e
|

10X
Putes durstion (ms)

Figure 38. Example of Pulse Power Curve of Resistor
(from Kamaya Ohm)

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 Tiwmax specified on the
datasheet and the Tsmax at which power devices are
destroyed, attention should be paid to ensure the junction

APPLICATION NOTE

temperature stays well below the Timax. The Thermal
Sensing Unit (TSU) helps to ensure device safety by
providing feedback of the module temperature.

The TSU uses the temperature dependency of transistor Vg,
which decreases 2 mV for each 1°C change in temperature.
The sensed value reflects the temperature of the LVIC, as
shown in Figure 39. The relationship between Vs voltage
output and LVIC temperature is shown in Figure 40.

The TSU does not have any self-protection function
therefore it should be used appropriately based on
application requirement. Also, there is a time lag from IGBT
temperature to LVIC temperature. The TSU will not
respond quickly to a transient high-temperature event such
as IGBT shoot-through. Despite this limitation, it is a useful
feature to enhance system reliability.

Location of Vg
function (LVIC)

Location of Power
Silicon (IGBT)

Figure 39. Location of Vs Function (LVIC)

3.50

3.00 /

/

0.00
-40 -10 20 50 80 110 140

-0.50
TJ [°C]

Figure 40. LVIC Temperature vs. Vrs
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Figure 41 shows the equivalent circuit diagram of the TSU
IC with a typical application diagram. The output voltage is
clamped to 5.2 V by an internal Zener diode. In case the
maximum input range of the MCU Analog to Digital
converter is below 5.2 V, an external Zener diode should be
inserted between the 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 A/D converter to have better
resolution of the temperature. It is recommended to add a
ceramic capacitor of 1000 pF between Vs and COM to
make the V15 output more stable.

Temperature -+
Sensing
Voltage

2.5Kohm VTS

W
B 100Kohm
2.5Kohm 3

3

(Ocom

Figure 41. Internal Block Diagram and Interface of TSU

Figure 42 shows the sourcing capability of the Vg pin at
25°C and the test method used. 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:

Vs min = 0.02*Tyic + 0.119 - 0.091 [V] ©)
Vrsyp = 0.02*Tyic + 0.119 [V] (7)
VTS,max = 0-02*TLVIC +0.119+0.126 [V] (8)

In case of FAM65VO05DF1, the maximum variation of Vg
is {-0.091V, +0.126 V}. This is due to process variation
which is approximately equivalent to +5°C. If the ambient
temperature information is available, for example from an
NTC, Vs can be measured to adjust the offset before the
motor starts to operate.

As temperature decreases below 0°C, Vs 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 to 5.2 V until it
gets clamped by the internal Zener diode.

15V

VCC

LVIC

COM

VTS

VtsiV]

(a) Test Methods.

Its[uA]

(b) Test Result

APPLICATION NOTE

Current Sweep,
Iys (0 ~ 200 pA)

Figure 42. Load Variation of Vs
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6 Printed Circuit Board (PCB) Design
6.1 General Application Circuit Example

APPLICATION NOTE

Figure 43 shows a general application circuitry of interface schematic with control signals connected directly to a MCU.

Gate WH

Gate VH

MCU

Gate UH

TEMP
FAULT

Gate WL
Gate VL
Gate UL

+15V

O

]

rJ\@ VbW)

P (27),]\
&/

17t} VB
201/8W 600V 1A
VCC
=/ —Lo1 ¢
22 Y anyinwry  [ICOM out
IN vs W (26)
« 1 (20) VS(W) T I U
I 15) Vb(V;
B (15) Vb(v) VB
20 1/8w___ 600V 1A X@ Vec(VH) vee
o= ==0.1u
BZS DTN W OUT vas,l I
2 ® k@ Voo
(16) Vs(V) T 1
0.1u 600V T
11) Vb(U]
I (11) Vb(U) VB
201/8w 600V 1A
cc
2 P COM ouT g——o] U e
:%IN Vs ,_r )
+5V
4.7k
C(SC)  ouT(WL)§——0 o 23)
A
l TSuU —
VFO
IN(WL)  OUT(VL)§—0== W @22
IN(VL) Y I\éV\/
SV
IN(UL)
com OUT(UL) >—|
—L J_ b VCC Nu (21

Figure 43. General Application Circuitry for Auto SPM® Module
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6.2 PCB Layout Guidance

Figure 44 provides suggestions regarding PCB layout for the FAM65V05DF1.

The capacitor between VCC
and COM should be placed as
close to SPM as possible

Signal GND Copper

The VIN RC filter should _
be placed as close to [/
SPM as possible

Maintain isolation

CSC wiring should be as
short as possible

APPLICATION NOTE

Wiring between Nu, Nv, Nw,
and shunt resistor should be

o Vo

vl LR
!.I' R
3 Y Vg,

distance between high-
voltage and low-voltage

Capacitor and Zener diode

blocks should be close to terminals

as short as possible

I3y Power G:D Copper

Place snubber
cap acitor
between P and
N and closely
to terminal

Main
Electrocity
capacitor

Snubber
capacitor

Power Source Copper

The main bus capacitor
should be placed as close as
possible to snubber capacitor

It is recommended to connect COM to power side at a single
point (Not copper pattern, no ground loops). The wiring should
be as short as possible.

Figure 44. Printed Circuit Board Layout Guidance for FAM65VO5DF1
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7 Maximum Application Current

The basic requirement for maximum load current is that
the junction temperature of each device stays below the
maximum of 175°C. For motor applications this is a
function of many different operating parameters, such as:
battery voltage, heat-sink temperature, thermal interface
material, modulation index, PCB layout, motor power
factor, and motor speed. It is important to use good PCB
layout and cooling system design in order to achieve the
best performance.

100 Vbus =400V Vecc=15V
F1=200Hz
—_ M.I. =0.75 P.F.=0.75
v 80
E Space Vector PWM
& \
= 60
-
5 40
(o]
=
s 20
0
5 10 15 20
_ Switching Frequency (kHz)
——Tsink=75C Tsink=125C

(a) Variation with Switching Frequency
100

80

APPLICATION NOTE

Figure 45 shows examples of how the maximum current
changes with different operating parameters. The thermal
system was defined by setting the heat-sink to a constant
temperature, with 50 um of thermal interface material
between the heat-sink and module (typical 2 W/mK
material). The junction temperature was calculated by
using the cross-coupled thermal model of a typical
package, including an additional 2% solder void in the
center of each die.

Vbus =400V Vec=15V 100
M.I.=0.75 P.F.=0.75

Max Current {Arms)

Fsw = 10kHz

Space-Vector PWM | 80

_""—\\ 60

——\- 40

20

0
200 150 100 50 0
Motor Fundamental Frequency (Hz)
Tsink=75C Tsink=125C

(b) Variation with Fundamental Frequency

Voo =15V
Fsw = 10kHz F1=200Hz
M.I.=0.75 P.F.=0.75

60 |

Space-Vector PWM

40 |

Max Current (Arms)

20 |

0
250 300

400 450 500

Bus Voltage (Vdc)

= Tsink=75C

= Tsink=125C

(c) Variation with Bus Voltage

Figure 45. Max. Current vs. Application Conditions
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8 Packing Information

SPMCA-027 Tube Packing
Conﬁguratlon Figure 1.0

Sibtieet 11 48
2

10 units per Tube

h 8

FKS Label

Bubble Sheet

APPLICATION NOTE

Packaging Description:

SPMCA-027 parts are shipped nomally in tube, The tube is
made of PVC plastic treated with anti-static agent These tubes
in standard option are placad 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-MOD27B8B), 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.

SPMCA-027 Packaging innar Box Barcode Labal Sample
Information: Figure 2.0
SPUCA2T Packaging Iformason SiiEdeman g@;u / ‘
e Hifiniin
:Mo’m e i
ackagng type RadTube Eitaes ™"
Qty per Tebe! Inner Box 10 —
Ienver Box foaen) | 570w150055
Max gty per Bos @0
Outer Box Dimensien (wan)| SE0330245 | Outer Box Barcede Latbel Sample
Max gty per Box & | lmmoirmess 0 9% EONOmN
Weaight par snit [gm| -t S atan ] /
e IIIIIIIIIII|I|III|I 00000 A
SPMCA-027 Tube e
Information: Figure 3.0 ==~ temme N
Nate: Al Smmesions ae i mm 'o.gg
15 A | O ) ® A 5 Aﬂa
:ozL =9 '& O i; \3 '
1 J— vy
* <>
< 24010 > 177403
NOTES:
A ALL DIMENSION ARE IN MILLIMETERS UNLESS

OTHERWISE SPECIFIED
B : DRAWING FIEL NAME : PKG-MOD27BAREV1

Figure 46. Packing Information
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