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e \Why/How Motion Control ?

SErMMICOMDUCTOR®

WHY:

» Speed Control - Energy Savings

» Speed and Torque Control - High Efficiency and Performance
» Speed and Position Control 2 High Efficiency and Performance

HOW: by Variable Voltage and Variable Frequency
in 3-phase ac motor configuration

CVCF ) >
200V / 60H
110V / 50Hz / z
CVdc J; [m_/m_/
- : > Power
Sy Conversion SO Tl

Wdc J;

Solar Cell

www.fairchildsemi.com
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Trend is Inverter-driven Motion !!

|: AC Motor Inductio
= Brushless DC (BLDC)

Narrow sense

Surface Mounted

Synchronous Permanent Magne

Motor ~ (BLDC)

Broad sense
N Interior Permanent
(IPMM)

l» Reluctance N Synchronous Reluctance
(SynRM)

N Switched Reluctance
(SRM)

Trend goes to higher efficiency and better performance
Use of VVVF, FOC Inverter
High-speed operation enhances total efficiency of entire system
Faster & better torque & speed control
Wide-speed operation
Additional functions that give comfort & reliability
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Inverter Technology Trend

Performance

Vector Inverter.~ /

/ Sensorless Vector
Maédem . Inverter
_~"Control /1 _ _
v/ Keeping Higher performance
and Efficiency !
Adaptive
Qﬁjntrol //i‘\
’ ST How to achieve
, ya Lower Cost Solution !
__Sensorles \V/Hz Inverter
; | - (IM Only)

\ Torque Boost
\ Deadtime Compensation

/
J
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 The U.S. Department of Energy announced on April 2nd that it will enforce a
seasonal energy efficiency rating (SEER) standard of 13 for residential
central air conditioners starting in January 2006.

» This represents a 30 percent increase in energy efficiency compared to
the previous10 SEER standard.

* New regulations from government agencies within the European Community

« Japan government has announced the need of 20% higher efficiency than
present efficiency level in order to meet Kyoto Protocol from 2010,
particularly in Air-conditioners and Refrigerators

1 Chap. 4
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Summary of SPM Portfolio

Basic Structure

Confidential

SPl U > 10kW 6-IGBT/FRD with thermal sensor + Gate Driver + —

(600V 430A) Protection + DC/DC Converter + CAN MCU + |/O —

SPIM (6;01\5"?(/)\{% 6-IGBT/FRD for inverter + Inverter Gate Driver + PFC + —

1200V 50A) PFC controller + Thermistor + Protection + MCU —

CPM (6;01\??(/)\{) A 6-IGBT/FRD for inverter + Rectifier + Dynamic brake + —
1200V 50A Thermistor

SPM1 (6;01\5"?(/)\{% 6-IGBT or MOSFET / FRD for inverter + Gate driver with —

1200V 50A Protection + Thermistor —

SPM 2 < 5kW 6-1GBT / FRD for inverter + Gate driver with Protection —

(600V 75A) (SC, UV, Soft Shut down) + Thermistor —

SPM 3 < 2.2kW 6-1GBT / FRD for inverter + Gate driver with Protection —

(600V 30A) (SC, UV, Soft Shut down) + Thermistor —

SPM4 < 1kW 6-1GBT / FRD for inverter + Gate driver with Protection —

(600V 15A) (SC, UV, Soft Shut down) + Thermistor —

SPM5 < 0.1kW 6-MOSFET for inverter + Gate driver with Protection J )

(500V 3A)-MOSFET ( UV) + Thermistor

S

F
N,

Chap. 2
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SPM4 SIP1 Series SPM4 SIP2 Series SPMS5 Series

Chap. 2
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e OVerview of SPM2 and SPM3 Products

SErMMICOMDUCTOR®

il I

1] Tl
60x31 60x31 44x26.8 44x26.8

i

PKG SPM2 PKG with SPM2 PKG with SPM3 PKG with SPM3 PKG with
Ceramic substrate DBC substrate Ceramic substrate DBC substrate
Developed | SPM2 SPM2 V2 SPM3 V2 SPM3
600V-10/15/20/30A | 600V-50A, 75A 600V-3/5/10/15A 600V-15/20/30A
MOSFET SPM3 SRM-SPM : 600V-50A
500V-5/6A PSC-SPM : 600V-20A

PFC-SPM : 600V-20/30/50A

Developing V3 SPM3 V3 SPM3
600V-3/5/10/15A 600V-15/20/30A

the

fran chlse
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e Details of SPM2 Series

SErMMICOMDUCTOR®

P(32)/|)
@1) Voo zzc
[ powy out——]
o RO L
(18) Vi VB
(17) Voewm VCC
et —jeon T o Line-up — SPM2
HEYe ! - 600V/10A, 15A, 20A, 30A — with Ceramic Substrate
:12?:) VB - 600V/50A, 75A —with DBC Substrate
HZE; ouT——  Major Applications :
((::))IVN‘H’ N vs| U 29) - Consumer appliance inverters
(Air conditioner, Treadmill)
|| sy outvul—— - Low power industrial inverters
C(FOD) \j N, (28) e Feature :
vro - Built-in thermistor (NTC)
IN(WL) OUT(VL) | - Short-circuit protection with soft shut- down
INCVL) j Y control using sense-IGBTs
2) com, | ?g:;i) - Good thermal resistance and isolation
D Yoo vee o T capacity with ceramic/DBC substrate

- 3 N-terminals for low-cost current sensing

THERMISTOR Ry (25)

Introduction

www.fairchildsemi.com
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P (27) l

VB
VCC
out——
coMm
17) IN(WH) W (26
IN S (26)
(20) Vg, T
(15) VB(V) VB >
(14) VCC(VH) vee
out——|
— COM
(13) Ny IN VS V (25)
(16) Vs(v) T
11) VB(U) VB
(10) VCC(UH)
vee ouT——
+—{com
9) IN(UH)
IN \V; U (24)
(12) VS(U) ‘S
(8) Cc c(sc) OUTWL)—
7)C
D)o c(FoD) Ny (23]
AL VFO .
5) IN
©) Mo, IN(WL) OUT(VL)——
(4)IN
£ IN(VL) N, (22)
&) MNow — IN(UL)
(2) COM
(1) Veey, Ve OUT(UL)‘{
Vel N N, (21)

www fairchildsemi.com - _
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Details of SPM3 Series

il

e Line-up - V2 SPM3:
- 600V/3A, 5A, 10A, 15A —with ceramic
- 600V/15A, 20A, 30A —with DBC
e Line-up - V3 SPM3 (under development) :
- 600V/3A, 5A, 10A, 15A — V3 SPM3 with ceramic
- 600V/15A, 20A, 30A — V3 SPM3 with DBC
- V3 SPM3 = enhanced IGBT
e Major Applications :
- Consumer appliance inverters
(Air conditioner, Washing machine, Refrigerator, etc)
- Low power industrial inverters
(Industrial inverter, Water pump, Treadmill, Elevator door, etc)
e Feature :
- Good thermal resistance
- Small size & Large pin-to-pin spacing
with zigzag package structure )
- 3 N-terminals for low-cost current sensing :

hap. 2

Introduction
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Details of MOSFET-SPM3

P (27
VB
o an—]
IN VS W (26)
‘ .
(15) Vv
(14) Vecomy zzc
v com ouT— H
((1136)) '\'ZV”) IN VS L V (25M
v ‘ e Line-up :
(11 Vo B - 500V/ 5A (1.35Q(typ.)), 6A (1.15Q(typ))
(10) \ecwn . . .
- VeC o m « Major Applications :
— COM . .
E?;;l) N vs \ U@ - Low power consumer appliance inverters
V)
N . (Refrigerator, Fan)
e Feature :
(8) e c(sc) OUTWL— = . . .
(1) Goo C(FOD) — N, 23 - 3-phase MOSFET inverter with driver IC
(6) Vo * H
VFO M ‘ - Good thermal resistance
5) Ny INGWL) OUT(L . % - Small size & Large pin-to-pin spacing
4) INyL, . ;
Es;: ! INOVL) =] N 2 with zigzag package structure
UL)
@ con IN(UL) - 3 N-terminals for low-cost current sensing
(1) Ve com OUT(UL)y %
@ vce —
VSLj

a—

| Chap. 2

www._fairchildsemi.com A Introduction =
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e Details of SRM-SPM3

SErMMICOMDUCTOR®

P (27) l

VB
VCC |
COM
(H) IN VS

(13)IN,

(16) Vg
(1neG
(18)E

A (26)

e Line-up :
- 600V/50A - SPM3 package with DBC

(H)

(H)

B (25) e Major Applications :
c(sc) OUTUL)—x - Single-phase SRM drives

C(FOD) (Vacuum cleaner)
VFO
IN(WL) OUT(VL)——x | Na 24 e Feature :
|
|
L

IN(VL)
IN(UL)

- Good thermal resistance
- IGBT switching speed control with external capacitor
- Built-in thermistor (NTC)
- Small size & Large pin-to-pin spacing
with zigzag package structure
- Divided N-terminals for low-cost current sensing

@ con COM(L)
(1) Veey OUT(WL)
\Yele

©)6G

L)
2( (10)E,,

| Chap. 2
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NTC
Thermistor

CsC
CFOD
VFO

IN(S)
IN(R)

COM

OUT(S)

OUT(R)

@

e b

NTC

Thermistor

CsC
CFOD
VFO

IN(S)
IN(R)

COM
VCC

OuT(S)

OUT(R)

AD3

Shunt
Resistor

< Z

Confidential

SENSE

AC-

VCC

PSC-SPM(Partial switching PFC)
eLine-up:
- 600V/20A - SPM3 package with DBC
e Major Applications :
- Low/Medium power consumer
appliances such as Room air conditioner
e Feature :
Good thermal resistance
Same package as SPM3
Built-in thermistor for temperature sensing
LVIC with UVP, OCP

PFC-SPM(Full switching PFC)
eLine-up:

- 600V/20A,30A, 50A - SPM3 package with DBC
e Major Applications :

- Medium/high power consumer appliance

such as Package/System air conditioner

e Feature :

- Good thermal resistance
Built-in shunt resistor
Same package as SPM3
Built-in thermistor for temperature sensing
LVIC with UVP, OCP

Chap. 2
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54x29.5 45x28 29x12 80x45
PKG SPM4 SIP1 PKG SPM4 SIP2 PKG SPM5 PKG CPM PKG
Developed V1 SPM5 DIP
500V
2A (3.3 Q(typ)), 3A (1.9 Q(typ))
250V 3A (1.4 Q(typ))
Developing | SPM4 SPM4 V2 SPM5 SMD 600V / 1200V CPM CIB
600V-3/5/8/10/12/15A | 600V-3/5/8/10/12/15A | 500V- 2/ 3A 1200V- 15A, 25A
250V - 3A 600V - 30A, 50A
MOSFET SPM4 LV-SPM5 DIP, SMD 600V / 1200V CPM Inv.
500V- 5/6/9A 60V 40mQ(typ) 1200V- 25A, 35A, 50A

600V- 50A, 75A, 100A
600Vv/1200V SPM1
600V- 50A, 75A, 100A

Chap. 2

Introduction

1200V- 10A, 15A, 25A
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e Detalls of SPM4-SIP1

SErMMICOMDUCTOR®

A option — 3N

me
)WV,

() Vg

mpias

VCC VB
(8) Ny i HIN  HO
(9) Ny, LN Vs
— FO LO
—— COM
| CSC  vss
(4)5:/,\\//s<v>
Vo vee ve L
(10) INyy HIN  HO -
(11) Ny, LN VS
+- FO  LO
+- COM M
»—| CSC VSS
(6) UVsy,
7 Yow vee ve |
(12) IN HIN  HO |
(13)INy, Ot LIN VS —
(14) Vg - FO  LO
(17) COM CoM L{
(15) Cyc CSC  vss
(16) Veo E—‘ Thermistor
(18) N,
(19N,
(20)N

B option — 1IN

(4)W,vs(w)i
(5) Vo) J
VCC VB
(10) IN(WH)E[, HIN  HO
(1) Ny, LIN VS
— FO LO
r— COM I
— CSC  vss |—
(6)7\/,VS(V)
7 Ve vee  ve U
(12) IN HIN  HO
(13) INy, LIN VS
1 FO LO
| com
+— CSC VSS
(8) UVg,
& Vew vee v [
(14) IN gy, HIN  HO
(15) INy, LIN VS
(16) Ve - FO  LO
(19) COM COM ‘L{
+ CSC
a7 cy ] VsS B
(18) Veo ] i—‘ Thermistor
(20) Vo,
(3) COM
(2)N
me

www.fairchildsemi.com -
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e Line-up (under development) :
- 600V/3A, 5A, 8A, 10A, 12A, 15A
IN /3N terminal
e Major Applications :
- Consumer appliance inverters
(Air conditioner, Washing machine,
Refrigerator, Water pump, etc)
- Low power industrial inverters
(Fan Motor, Industrial Inverter, etc)
e Feature :
- Cross-Conduction Prevention Logic
- Large pin spacing and signal/power pins
separation
- Single-In-Line package
- 3 N-terminals for low-cost current se
- Built-in thermistor i

Chap. 2

Introduction
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(1) W, Vg, i
(2) VB(W) J « 2 NS
VCC VB AW ;
(3) Ny i( HIN  HO | i
(4) Ny, LIN VS
— FO LO
1 COM L{
{ CSC  vss
B(V)
vee ve [ ‘ e Line-up (under development) :
7)IN HIN HO
o LT o s | - 600V/3A, 5A, 8A, 10A, 12A, 15A
(VL) . . .
L Fo Lo e Major Applications :
Com L{ - Consumer appliance inverters
+— CSC . . . . .
0 U vss (Air conditioner, Washing machine, Refrigerator, Water pump, etc)
(10)\7:(:” ZI 5 - Low power industrial inverters
VCC VB
e Feature :
(1) Ny HIN  HO | ) )
(12) Ny, UN VS - Single-In-Line package
UL,
(13) Vge | FO LO - 3 N-terminals for low-cost current sensing
(16) COM coMm M - Built-in thermistor
(14) Cg¢ CSC  vss
(18) Vo E—‘ Thermistor
(15) Ny
(17N,
(19) N,
(20) P

! Chap. 2

www.fairchildsemi.com Introduction |
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e Details of MOSFET-SPM4-SIP2

SErMMICOMDUCTOR®

(1) WV, i
(2) VB(W) J
VCC VB
(3) Ny 1 HIN  HO
(4) Ny, LIN VS
— FO LO
COM L e
— CSC  vss =
(5@;:,/:(‘3; @’ . e Line-up (under development) :
vee ve - 500V / 5A(1.35Q(typ.)), 6A(1.15Q(typ)), 9A(0.8Q(typ))
(7) Ny HIN  HO . . . ]
© N i UN Vs e Major Applications :
(VL) . .
o Lo - Low power consumer appliance inverters
COM L m (Refrigerator, Fan)
t1 CSC  vss e Feature:
9) U,V .
( 210) j‘“(}) i - 3phase MOSFET inverter
B(U
vee ve | - Single-In-Line package
(1) IN g, HIN  HO . .
(U - 3 N-terminals for low-cost current sensing
(12) INy,, LIN VS ilt-in th .
(13) Vi Ll r0 Lo - Built-in thermistor
(16) COM (>—44—— COM L ey
(14) Cqc CsC VSS =
(1 8) VFO ermistor
1SN, [y hermis
(17) N,
(19) Ny,
(20) P

hap. 2
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e Details of SPM5 V1 Series

SErMMICOMDUCTOR®

(1) COM
(2) Vo, (17)P
) Veoy VCC VB J
om0 B ou ] ey
- i CL(';"\A \S ] 4 - V1 SPM5 DIP: 500V 2A (3.3Q(typ)), 3A(1.9Q(typ))
(6) Vi o, & 250V 3A(L.4 Q(typ))
(7) Ve _7 - V1 SPM5 SMD: 500V 2, 3A & 250V 3A (under development)
(8) Veew vee VB J (20) N, - Transfer-molded full-pack package
() Ny HN  HO j 21y » Major Applications :
OMNw) | | v vs L - Fan motor, water pump, etc.
.+ lcom Lo %% - Small motor applications up to 150W
(1) Ve, e Feature :
(12) Vaw) - High power density compared to small package
Sj; ::\TC(W VCC VB ﬂ% 22 % - Ruggedness (Switching and short-circuit)
5 IN::) HIN  HO (23) W - Low conducted and radiated EMI
LIN VS E (Slow dVv/dt & dl/dt)
(16) Vg, — COM 1O 4 - HVIC with UVP

! Chap. 2
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Details of SPM5 V2 Series

(1) COM
(2) Ve T ——O (17) P
(3) Voo, VCC VB
(4) IN HN  HO | |
O (18) U, V

(5) N, LIN- VS (1) SV o Line-up (under development)
6 F5 com Lo _ V2 SPMS5 DIP and SMD : 500V 2A (3.3Q(typ)), 3A(L.9Q(typ))

° FO

v (19) N, & 250V 3A(L.4 Q(typ))
(7) Vo ] ! - LV-SPMS5 DIP and SMD : 60V 40mQ(typ)
(8) Veew vce VB (20) Ny - Transfer-molded full-pack package with SMD
e p P g

(9) IN () HIN - HO ﬁ SRRV e Major Applications :
(10) INy, LIN VS | B @DV-Yew  Fan motor, water pump, etc.

o com Lo - Small motor applications up to 150W
(11) Fo, FO e Feature :
(12) Vg, J - High power density compared to small package
(13) Veew) vee VB e (22) Ny - Ruggedness (Switching and short-circuit)
(14) Ny HIN - HO i £ - Low conducted and radiated EMI
(15) IN 1) LIN VS | @3 W. Vsw) (Slow dV/dt & dl/dt)

- COM  LO - HVIC with UVP
(16) Fow FO

www.fairchildsemi.com
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e Details of CPM Series

SErMMICOMDUCTOR®

PR B P (L)J EU GU U EUGU g EU GU
[ | | I
p11| p13| b5 L L L e Line-up (Under Development) :
trt P N Ny Ny - CPM CIB : 600V/30A, 50A
s o] | 1200V/15A, 25A

- CPM Inverter : 600V 50A, 75A, 100A

D16, ® } } Q%Dz 1200V 25A, 35A, 50A
F\ F\‘ F F - Transfer-molded DBC package
< e Major Applications :
- Industrial Inverter, System A/C

CPM CIB(1200V/25A)

e Feature :
o U EU G U EU U U e oU - High power density in a small package
T 7179 777 777 - 3-phase Rectifier and IGBT inverter (CIB)
L L L - 3-phase IGBT inverter (Inverter Only)
- Built-in Thermistor for temperature sensin
\?}01 \?%03 \?%DS . p g
- Good thermal resistance

- 3 N-terminals for low-cost current sensing

- Various other topologies may be considered
} F F F o2 on demand

CPM Inv. (12OOV -50A, 600V-75A/100A)

| Chap. 2
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Details of SPM1 Series

Confidential

P (32)
VB
vce
out——|
coMm
(20) IN w (31
IN VS . W (31)
(23) Vg T
(18)VB(V) VB »
(17)VCC1VH)
%
ce out——|
CoM
(19) Wy IN Vs V (30)
(19) Vg, i
(13)VB(U) VB
(12)VCC1UH)
%
ce out—]
coM
(11)|N(UH)
IN \V; U (29)
(14) Vg S T -
©) Cso C(SC) OUT(WL)4{
8)C
B S c(FoD) Ny (26)
() Veo VFO
5) IN,
© Nowy IN(WL) OUT(VL)——
(4)IN
a8 IN(VL) N, (27)
& Moy IN(UL)
(2) COM,, com)
™) Veew vee OUT(UL)‘{

THERMISTOR

www.fairchildsemi.com

e Line-up — SPM1 (under development) :
- 600V/50A, 75A, 100A
- 1200V/10A, 15A, 25A
e Major Applications :
- Industrial Inverter, System A/C
eFeature :
- High power density in a small package
- 3-phase IGBT inverter
- Built-in Thermistor for temperature sensing
- Good thermal resistance
- 3 N-terminals for low-cost current sensing
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SErMMICOMDUCTOR®

—————————————————————————————————————————

* Low Voltage Drive

___________

under 40V (Currently)
* High Voltage Drive T SE M5 ~ .f: f“_‘:]q;}\".
| | I
500V 1A grade (Future) _ m A FJ;;__?;,

Drying Fan

SPM3

i
:

(%

,- the

Chapz R puwer
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SErMMICOMDUCTOR®

1_(

:[j <

Compressor

=
| Chap. 2 i p Iwer

M.fairchildsemi.cﬁm - T SPM Introduction | franchise :
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SErMMICOMDUCTOR®

AC Input l
VSD I =

r'l'l
SPM3 i L GEEEEEELED CONTROL BOARD ] _.'
I' | |

il

or L

SPM4 m Evaporator
i Fan Motor [
> || A

e

EE—— B r -
www._fairchildsemi.com 1 PM Introduct|on;'j
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Chapter 3. SPM Design Considerations
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Collector
Gate c t
urren
O— I flow
Emitter

www.fairchildmi.com
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* Insulated Gate Bipolar Transistor

* Voltage controlled

» Conducts current from collector to emitter when

a positive voltage is applied from the gate to the emitter

* Modules include a free-wheeling diode (FWD)

» Fundamental Parameters

*VcEs

.IC

Collector-emitter voltage rating

Collector current rating
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e Key Parameters & Definitions

SErMMICOMDUCTOR®

* Vcesar — |GBT saturation voltage; On-state collector to emitter voltage
drop while conducting current.

* Rryg.c) — Thermal resistance; Specifies the resistance to heat flow from chip

to base plate(Junction to Case).
* Esw(on) — Turn-on switching energy; Energy dissipated during turn-on.
* Esw(om — turn-off switching energy; Energy dissipated during turn-off.
» Total Loss — (Watts) = (conduction losses + switching losses)

= (duty factor® Vegsar) * Ic) + ((Eswion) * Eswior) * frequency).
The total power dissipated in the device.

Used to determine heat sink size and junction temperature rise.
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Vcesat) Specification

Characteristics Symbol Test Conditions Min. Typ. Max. Units

. . Vee = Vgs =15V, Viy = 5V
Collector—Emitter Saturation Voltage Vee(saT) ce— ¥BS N - - 2.3 V
o =20A, T, = 25°C

Collector-Emitter

Saturation Voltage Characteristics (Typical)
3

N
) ul

=
ul

Collector-Emitter
Saturation Voltage ycgisam (V)

[E

e
o

Tj = 25degree

,,,,,,, ~— — Tj=125degree |

0 5 10 15
Collector Current, I (A)

_ the

" ol T puwer

_____ . | De,«_ij,lgn Considerations of SBM ° frafchise
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Switching Time

100% 1, 100% I,

rr

CE C A CE

Short

— ] —— [ S~
Input Vin Vin
Pulse —_
ton torr
tC(ON) tC(OFF)
Vinon) 10% I, 90% I 10% V. Vin(orr) 10% Ve 10% Ig
(a) turn-on (b) turn-off

the

- | puwer

Deé;jgn Considerations of SPM franChlse
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Switching Energy (Eqy)

Vs Ic
_| %L
Short
IL—{
L =, 10% 0% 109 LLL0%
WA
Input
Pulse@ « —
le Energy Energy
l"."l _T_ -ON -OFF

Turn-on and Turn-off Switching Losses

R e
‘C;r.\.ap 3 .l buwer

: Deglllgn Con5|derat|ons of SlflM fran Ch|5&
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SErMMICOMDUCTOR®

Is the rating that is used in the device part number.
For example, the nameplate rating of FSBS10CHG60 is 10A.

Many manufactures use a so called “ipc” rating for their nameplate. An ioc rating is the DC current that

will cause the IGBT chip junction temperature to reach Tj(max) with the module’s base plate held at a
constant arbitrary temperature Tc.

Where:
The ioc “rated” current can be computed from: [°¢ = DS current rating

) ) i Vce(@iT) = Collector to emitter Voltage at it
IDC = [TJ(max) — TC] / [VCG(@lT) X RTH(]-C)] Tj(max) = Maximum junction temperature
RTH(j-c) = Junction to case thermal impedance

Tc = Arbitrarily selected case temperature

The current rating (ioc) depends on the following:

e Selection of Tc - Lower Tc gives higher ipc rating

e Selection of Tj(max) - Some manufacturers use a conservative 125C while others use 150C.
Higher Tj(max) gives higher ipc rating

e Measurement method for RtH(j-c) - Using the under chip method gives lower thermal

impedance and higher ipc rating
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SErMMICOMDUCTOR®

Fairchild does not use ioc ratings as a basis for nameplate current ratings.
However many manufacturers use this method for rating their modules.
Please see the following table for examples of how these ratings can be misleading.

Comments on ioc ratings :

e ipC ratings are generally useless for device selection
(These ratings consider DC loss only and ignore switching losses and SOA)

e ipc ratings are generally useless for comparing devices from different manufacturers
(Rating is influenced by selection of Tc, Tj(max) and thermal impedance measurement point)

To properly select a device you should consider:
e On State Conduction (DC) Losses

e Switching Losses

e Thermal Impedance RTH(j-c)

¢ Available heat sink/cooling method

e Maximum ambient temperature

e Turn-off switching SOA

e Free Wheel Diode Utilization
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SErMMICOMDUCTOR®

Confidential

Module with Maximum Maximum : :
_ IT(A) IT(A)
Nameplate Vce(sat) (V Rth(j-c)(C/W
P (sat) (V) U-C)CW) | imax)=150C | Tj(max)=150C
rating lc=75A Tc under - e
75A, 1200V Tj=125C Chip B B
Brand A 2.5 0.22 168 112
Brand B 4.0 0.2 124 84
Brand C 3.1 0.21 147 98
Brand D 3.6 0.27 107 73
Brand F 3.0 0.25 130 88
Brand A (50A) 29 0.31 115 75

Chap

- the

www.fairchildsemi.com
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SErMMICOMDUCTOR®

¢ \When comparing devices, the specific electrical characteristics
(Vce(sat), Esw(on&off), Rth) must be evaluated. > At Actual Operating Conditions !!

e These parameters must be compared under the same test conditions,
as most manufacturers spec these under varying conditions.

e These can usually be obtained from the data sheet values or performance curves.

e When comparing thermal impedance the case temperature (Tc)
measurement point is very important.

e An under chip measurement point yields a considerably lower value for thermal
impedance than the edge of base plate value for Rth.
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SErMMICOMDUCTOR®

e There are different methods to calculate power losses.

e One method uses a basic/general formula to estimate total loss.
e The sinusoidal loss calculation provides a more realistic value for total inverter loss.
e Both are intended for comparison purposes only.

e Actual loss values are dependant on the specific application.

e ATj is found by multiplying losses and Rth.
e The change in junction temperature helps in determining which device runs cooler.

e Of course the lower the ATj the more reliable the system
or the less heat sinking is required.

Power Loss Calculation !!
AT Calculation !!
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e | 0SS and Allowable Tc - Example

SErMMICOMDUCTOR®

Device : FSBS10CH60

Vdc =300V, Vcc = Vbs =15V, Fsw = 15kHz,

Output Current Frequency >= 60Hz, Rth(j-c) = max,

3-phase Sine-PWM, Power Factor = 0.95, Modulation Index = 0.8
Vegisay = Typical, Switching loss = Typical, Tj = 125°C

Ipeak & Single IGBT Power Loss : FSBS10CH60 Ipeak & Allowable case temperature Tc

10********F*******T*******T*******‘(*****
i
o

Conduction Loss
gl | — —Switching Loss
—+— Total Loss

1 120 - —=-=--

100 -

| |
| |
- [
|
] |
: |
| |
—_ - +
(@2 ! |
[<5) | |
BFr--—---——r - —— =} | I
z v | |
UU") =2 80F------- s r
3 < | |
N R S S e ; g 3 3
| | s 60f - Fee e -
‘ ‘ N l l
2 ',,"" FE e J‘f 7777777 4‘ : :
SN | | |
- | | : : 40 ”””” :F ”””” :T
! i : : : | |
0 I | L L I |
0 2 4 6 8 2 4

www.fairchildmi.com
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SErMMICOMDUCTOR®

SPM = Power device + Driver IC + Package — Performance & Protection & Reliability
Power device = IGBT with FRD (or MOSFET)

Driver IC =HVIC & LVIC

Package = Transfer Molding with Ceramic or DBC

P {27) .
. — IC Wire IGBT FRD
vee
our—| i i i i
com ; ; ;
M VS W (26) \
T
YB
i
vece
our—|
CoM
IN VS vizah i
T LN
L Fram i
ead ame Ceramic EQOXy Moldlng
VB Compound
CEIUHY ‘
vee our—|
coMm
M Vs U (24) i
I ’ IC  Wire IGBT FRD
CisC) OUT[WL]—|
C(FOD) N,y (23 .
VFO
5) 1M B
4] My,
— INQYL) N, 22)
(3) My, —
IN{UL)
(2)COM
com
1) Vg, OUT{UL) —|
vee
\"Isl.:[ N, (21}

erations of SP.

www.fairchildsemi.com
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Performance

Target :
Low conduction/switching loss
Long short-circuit withstand time

Low switching noise

IGBT Trade-offs:
Low conduction loss < low OFF-switching loss

Low conduction loss < long short-circuit withstand time

System Design Trade-offs

Low switching noise < |ow ON-switching loss

the

] puwer

I - 2 B Desngn ConSIderatlons of SPM franChISE _
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SErMMICOMDUCTOR®

T, A : For low switching frequency applications
A example. Air conditioner (fsw = 5KHz)

B : For high switching frequency applications
example. Washing machine (fsw = 15KHz)

C : For all applications

Gen.1

Gen.2
Gen.3

>VCE(SAT)

the

puwer*

_ Desl,lgn Con3|derat|ons of SPM fran Ch|5&

WWW. falrchlldseml com




Confidential

IGBT V_¢sar (ON-drop voltage) : Trade-off with T;
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SErMMICOMDUCTOR®

ON OFF "
ro : : s . T=25[deg] /
$ 100ns/div + 100ns/div
w{\ 20 X /
Vcesat = i / ot
2.2V@15A i LR 2
e " From right to left, Vec=13V, 15V, 20V
lecroy I LeCroy 5
1-100ns/div 100ns/
Vcesat _ ._mf/\\“»— \/J\ O00 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
_ ; :WL' VCE,sat [V]
I T 4 30
2.0V@15A - U A Tl emp——
o bl s S D
et o B e o o o Py BT 25
L =
— 20
ecroy 1 . lecroy . A
T 100ns/div 200ns/div] x
f\d < 15
/ \: | f\ :wl-, -
Vcesat = z NS 10
1.8V@15A 7 \K e From right to left, Voe=13V. 15V, 20V
T R N IS A A S N S R R 5
P
K /\““-—R_ 00.0 0.5 1.0
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- Worst case : High Vcc (High Ic), High Vdc

11 |-

— — .
IN"HIHI"WW-'H-W Ll 'FI\F'JHHWN

9 [ REBIMAINE

ax. current =

Time [uS]

8~10 x rated ¢

‘current due to | 1
perature.u S e

Guaranteed Value

Withstanding i i s : i ; |
time 300 325 350 375 400 425 450

VDC [\/]

* Test conditions: Worst, Vcc=20V, Tc=125C _4 4

the

— | puwer
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www.fairchildsemi.com




—— Confidential
EAIRCHILD :
Diode

I
SEMICONDUCTDR"

- Fast Recovery Diode
- Small |, and T, and soft recovery (tb/ta) —Low loss and good dv/dt
- Trade-off between V;and T,

12 : : 0 : : : :
—— VF(@10A) = 2.8V g g g |
10 —— VF(@10A) = 2.3V [~ ‘ | | |
8 \ 25 | Fromleft [0 ngnt Te= lzqoegj Aqoegj zulw
6 \ " : :

' \\ Trr=50ns < / /\

< 2
- i i i
0 10 ‘ ‘ ‘
-2 /
|| difdt=200A/us ; 5 j | 1
IL.=10A _ | 3 |
ol V. =300v Trr=80ns
; ; 0 ‘ ‘ ‘
100 0 100 00 05 10 15 _
TIME [ns] VMl

the

o puwer
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Switching Parameters

1. Current Measuring using shunt resistor
— Key time : ON command to current build-up

2. Voltage Generation for sensorless control
— Key time : ON command to 50% voltage transient
— Key time : OFF command to 50% voltage transient

IN ON OFF

. /> Rk
Current /

Voltage -

the

% | puwer

Deélgn ConSIderatlons of SPM franChlse
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SErMMICOMDUCTOR®

EMI

15

* NN Ny
T ->-
SN D W@

\ Current Audible
distortion Noise

Overmodulation Loss & Heat

- the

a7 R pfower

ranchise

T DeSIgn Considerations of SPM
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Current Measurement

Sector 1
Var
o i Vo 5 5
Ven T T
Y
S, 1
S, I

Low cost & simple to detect over-current
Idc = 0in zero-vector period

Phase-current detection in effective-vector period

— complex

— impossible when voltage gets small esp. at high Fsw

www.fairchildsemi.com

Confidential

bs Deadzone

V*

CS

s
positive max
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Current Measurement

Phase-current = voltage drop on resistor when low-
} _(} side IGBT is turn-on

5 K

ias s ics Complex to detect over-current

- the

X | pfower

ranchise
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EEEEEEE— Confidential
et L oss Calculation

SErMMICOMDUCTOR®

« SPM Loses = Conduction + Switching + Leakage (negligible)
 Conduction Loss = almost same for all kinds of PWM methods
* Switching Loss = 66% in case of discontinuous PWM

« Leakage Loss = negligible

by Linear Approximation,
v, =V; + R, xi[V]
Vp, =V + Ry xi[V]
IGBT Onloss energy = E; o xi [J]
IGBT Off loss energy = E; ¢ xi [J]
diode Onlossenergy = E o xi [J]
diode Off lossenergy = E ;. x1 [J]

www.fairchildsemi.com

I— ap. 3 '




EEEEEEE— Confidential
et L oss Calculation
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}{} <

AY

‘. : the
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SErMMICOMDUCTOR®

losses[W] in one IGBT and one diode are as below in case of continuous
PWNMs. Total SPM losses are six fold.

| | | 2 | 2

P =M\ _ 4+ T\ M|cos¢g +Z R+ R MI cos

con.T 272_ T 8 T ¢ 8 T 371_ T ¢
Imax Imax Imax2 ImaX2

Pop = > D~ o VoMl cosg + o Ry — 37 R,MI cos ¢

P (ETON + ET OFF) fsw max

swT —
T

P _ (ED.ON + EDOFF) 1:sw max

sw.D
T

the

| -pdwer
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SErMMICOMDUCTOR®

* Thermal Equivalent Circuit
* Tj:Junction temperature. Can’t be over guaranteed value.
* R0jc : Thermal resistance (junction to case) [deg/W]
« Z0jc : Thermal impedance (junction to case) [deg/W]

gc P
D
T, T, T, T,
O—MWN—"O—MWN—O——MN—
I | I I
i I:%ejc ‘L i ech i I:%eha
o <. L o
PD C?D T Cjc Re a %\/ T T Cha
| | |
\ | \ \ .
I
o | | | ! Only Rejc
Thermal Resistance /
/N
Symbol Parameter Condition Min. | Typ. Max. | Units
RthU_C]Q Junction to Case Thermal | Inverter IGBT part (per 1/6 module) -
Ring-c)F Resistance Inverter FWD part (per 1/6 module)

Note:

2. For the measurement point of case temperature(T-), please refer to Figurs 2.

www.fairchildsemi.com
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SErMMICOMDUCTOR®

@®Tj Calculation with Rojc

Tc = measured value, R6jc = max value from datasheet, Pd =
calculated value

Tj =T, + joc -Py
Ex) Tc=100°C when Pd=10W is consumed with R6jc=1deg/W,

T.=T. +R. -P.=110"C <—Average junction temperature using average Pd and
J ¢ e °D steady-state thermal impedance

4.
s=
=

Po ¥ 1 —— 100V
<> T 01F ] 1F
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SErMMICOMDUCTOR®

3.0

2.5

Z0jc (‘CT/W)

15 / / | Rojc is steady-state value of Zbjc

L~ ——70jc_IGBT

/
e — Z0jc_FRD

bfd)wer“’

ranchise

N Chap. 3 '
T Des_l_gn Considerations of SPM
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SErMMICOMDUCTOR®

« (@Tj Calculation with Z6jc
« Using actual Pd and Z6jc

P,
I:)d.avg
» ([rad]
0 2r
P
2 Pd.avg
¢ » A[rad]
0 2r
P, N
T I:)d.avg
i » ([rad]
0 2r
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FAIRCHILD | ife-time Calculation

SErMMICOMDUCTOR®

Power Cycle Test

power device is heated and cooled repeatedly by external current injection
under specific temperature and time. The change in ATca should be less than 10deg
(water cooling is used). Test variable is ATjc and the number of cycles.

ldc

Ic

»
»

_<EE>

Vg

L
N

+15V

Fig.1. Basic circuit for power cycle test.

Ic

o]

DUT Tijc

“—rC—>
Ton Toff

Tca

Fig.2. Pulse duty of current for power cycle tes!

A

| . ATjc

40

60 80

00 [deal | _ o

www.fairchildsemi.com
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SErMMICOMDUCTOR®

Main Failure Mechanism
= Difference in thermal expansion coeff. between two adjacent materials

Bonding Worn out

Cu Leadframe 17ppm/deg

Solder Crack |

the

w.. | pfower

ranchise
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Power Cycle Consideration

Step-1: Divide period so that Imax is same from typical load pattern

Washing machine . .75 .

. . @ F . o EilEAe

Step-2 : Calculate ATjc
Tc is measured value and assumed to be constant
ATjc= Pyx Zy(ty+ ta+... t7) = Py x Zge(ty + 3+ t7)

P,, from loss calculation

Lo from thermal impedance
n Imax Pn tn tn+..+t7 | Z6jc(tn+..+t7) AT
11 19 2.2 1.71 5.87 2.66 0.2
2| 78 9.6 1.46 4.16 2.57 1.4
3] 91 11.3 1.04 2.7 2.42 1.6
4] 112 14.0 0.68 1.66 2.28 2.0
5] 14.1 18.9 0.53 0.98 2.14 2.7
6| 98 13.1 0.3 0.45 2.00 4.5
7] 5.9 6.8 0.15 0.15 1.65 11.2

ATjc = 235
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Power Cycle Consideration

Step-3 : Calculate Life-time
From power-cycle graph provided by maker

10000000 S
o e
O \\\\ 1% H
L>)- W/ !
1000000 0.1% ’\‘\‘/
\\
N
100000 \\\
‘n“
\
ANAY
\
\
10000 \\
s
\
\
1000
10 100 WUOPATjC

lopr lday lyear

10Mcyc- :
500cyc 1.50pr 365day

= 36.5year

erations of SP.
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ITEM Active HIGH < | Active LOW

Power on/off sequence must be:

Input Interface

Power Supply

Fail safe sequence ON: CPU 5V —» SPM 15V —» Power 300V

Turn-on/off Sequence
OFF : Reverse Order

5V/ 3.3V Compatibility Internal R pull-down = 3.3 ~5 KQ Internal V pull-up = 15V or 6.2V
& Internal R pull-up = 150KQ or 50K{
Simple Interface _
Circuit No need for external pull-down resistor
& due to built-in one. Needs another pull-up resistor to limit the
Low noise Low Noise Acceptability with 3.3KOhm MCU output.

acceptability internal pull-down resistor

Photo-coupler Needs Inverter

Interface
CPU SPM cPU SPM
5V /3.3V| 15V
150k
Interface Circuitry D " 4.7k
3.3k —W\ D
I”

ol
LG

ke | pfower

DeSIgn ConSIderatlons of SPM ranChlse
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Tj=25°C
Item Symbol Rating | Description
Supply Voltage Vo 450V The maximum steady-state (non-switching mode) voltage
between P-N. A brake circuit is necessary if P-N voltage exceeds
this value.
Supply Voltage VPN(surge) 500V The maximum surge voltage (non-switching mode) between P-N.
(surge) A snubber circuit is necessary if P-N surge voltage exceeds this
value.
Collector-emitter VcEs 600V The sustained collector-emitter voltage of built-in IGBTS.
voltage
Each IGBT +lc 10A The maximum allowable DC continuous IGBT collector current
Collector current at Tc=25"C.
Junction T, -20 ~ The maximum junction temperature rating of the power chips
Temperature 125°c | integrated within SPM is 150°C. However, to insure safe
operation, the average junction temperature should be limited to
125°C. Although IGBT and FRD chips will not fail immediately at
TJ = 150°C, they may be degraded by repetitive operation at this
temperature.
Self Protection VPN(PROT) 400V Under the conditions of Vcc=13.5V ~ 16.5V, non-repetitive, less
Supply Voltage Limit than 2us.
(Short Circuit The maximum supply voltage for safe IGBT turn off under SC
Protection Capability) “Short Circuit” or OC “Over Current” condition. The power.ck
may be damaged if supply voltage exceeds this spggific
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Bias Voltage

Control Voltage Range [V] SPM Function Operations

0~4 Control IC does not operate. Under voltage lockout and fault output do
not operate.
dV/dt noise on the main P-N supply might trigger the IGBTSs.

4~125 Control IC starts to operate. As the under voltage lockout is set, control
input signals are blocked and a fault signal Fo is generated.

12.5~135 Under voltage lockout is reset. IGBTs will be operated in accordance
with the control gate input. Driving voltage is below the recommended

range so Vg and the switching loss will be larger than those under
normal condition.

13.5~16.5 Normal operation. This is the recommended operating condition.

16.5~ 20 IGBTs are still operated. Because driving voltage is above the

recommended range, IGBTs’ switching is faster. It causes increasing
system noise. And peak short circuit current might be too large for
proper operation of the short circuit protection.

Over 20 Control circuit in the SPM may be damaged.
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SErMMICOMDUCTOR®

Input Signal ‘

(
2%

Protection Circuit RESET SET RESET
State

A

/ /
W K o
< : \w // 10us filtering
Control / Wy & /

Supply Voltage

Restart
\/
Output Current

«

\J 7

Fault Output Signal —

oy Industrial ..1/fSW ~ 2/fg,
7 Home appliances : ~ 2ms

- >

Needs low-to-high How Long?

input transition to
turn on IGBT again

the

T puwer

_____ . | De,«_ij,lgn Con5|deratlonSOfSPM franchise
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SErMMICOMDUCTOR®

Confidential

Lower arms
control input

Protection
circuit state

External filter
needed with
1~2us time
constant

Output Current

Sensing Voltage
(of the shunt
resistance )

Fault Output Signal

WWW. falrchlldseml com

]

Soft turn-off for small
voltage spike

e !
2
SET RESET
A
) -
e
sC

|

How Long?

(@
)

External filter delay + IC
delay + IGBT off delay =
over 2 usec

Reference Voltage

o}

IC filtering < 500nsec

(C
2

Desl,lgn Consnderatlons of SPM

______

Chap 3
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plwer
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SErMMICOMDUCTOR®

VCC O

Hysteresis
Input
Buffer

Short

Confidential

uvLo

Pulse |
Generator —l [:MR [_V»g

Pulse
Filter

5V

IN
-COM

VIN.S 15V

-COM

R RS
F/IF _
R

Gat
Q*@Z >0 HO

VIN.R
-COM

15V

S 15V
-VS

15V

-VS
15V

HO
-VS

300V

www.fairchildsemi.com

-Function :

IN signal can be transferred to HO

-Merit :

Short propagation delay ( short deadtime)
Long lifetime & Low cost

-Demerit :

No signal transfer when VS is negative

Poor noise immunity due to edge-trigger
and F/F structure
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SErMMICOMDUCTOR®

P
DBS Vcec VB VPN /
ARt N HO ——
N c = |com vs
Rgs s B% ' l /
' I Vee
A e - TRV
Y : . o
ON o——f= Ves
Vee | !
: o N
| N Vine)

Cgs - Close to the pins as possible. At least one low ESR capacitor should be used to provide good local de- coupling. e
D : Withstand voltage more than 600V. Fast recovery (recovery time < 100ns) device to minimize the reverse je.
: Slow down the dV,//dt. Determines the time to charge the bootstrap capacitor. > | |

) POwer:

De erations of S : ffﬂﬂChlS&'
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e H\/|1C : Latch-off

SErMMICOMDUCTOR®

QTurned off shortly after turning on

300V Vs H

oV
Y 300V Vi

VDR T
VDS CBoost
ON state vV
Short BR
V.o Ppulse Vg
Generator §
dv
High—
— Vg dt

Parasitic CDS

- the

pfower

ranchise

DeSIgn ConSIderatlons of SPM
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e H\/|C : Latch-on

SErMMICONMDUCTOR®

QTurned on when freewheeling current occurs in the off state

oV

300V

>o—4| Freewheeling
current

O ff state

Short
Voo pulse

n
Generator

Parasitic Cq e

- the

ranchise

pfower*
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e  HVIC : Latch-on

SErMMICOMDUCTOR®

QdTurned on shortly after turning off ov

Var
300V
Ve —_—

Rs R Vio 4| ¥ Vas /-\

Vor c - l /
Vbs Boost
. 05 /* -30V Ven H_[\

Short ¢ 0000"
Vinoq  puise "—_I_ "__L Vs
Generator —| Q Q

S
| Z Freewheeling

= current
Parasitic Cps

300V

Rsense

VB<0

Reverse
recovery
current

;-che \

. |pdwer
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s HVIC : Latch-up

SErMMICOMDUCTOR®

O No response to input ( note : -Vs level in datasheet)

- the
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menesms HVIC : Latch-off

SErMMICOMDUCTOR®

O input off-signal is very narrow
(Minimum off-pulse width > 1us recommended)

' 300V 300V
- B
Y +§ Y +é
o _| 1 l
VDR tzzz /
VDS CBoost _7\/
S /
Short rOUW—
Vino— Pulse VS >
Generator
| Z Freewheeling
current

Parasitic C 4
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EalrcHILD HV|C : dv/dt immunity test

SErMMICOMDUCTOR®

ameHe - Test Result: dv/dt test (Competitor’s HVIC

memiLo  Test Result: dv/dt test (FCS’s HVIC)

/\ For -dv/dt=58.14V/ns

1 T T ! - : :
i 1w~ ~ GND-VS
] | ; Lo,
[ | { I.l" ‘ T
| - ‘ | % +
| | [ A I
Y R s - _.Hovs
gV || |
i ( r I
= s b ‘IJ - i " = 15v]
| ¥ ‘. E
\/ \l 600V
‘ i
| T
o n\'m : i‘a“ﬁ‘%&‘" e i o 'ID"" k] Mlht:;n,avm.e‘ Ty
Yellow curve (VS pin voltage) shows
steep slope of -68.5V/ns
For the dv/dt noise from -1V/ns to abave -50V/ns, FSC’s HVIC shows no malfunction. thi Malfunction: Output state is changed.

the
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Impulse noise immunity test

ramerie Positive Pulse Noise Test on VB Famew-o Negative Pulse Noise Test on VB

BEMIDONDLICT! BEMOONOUDCTE

(A) Add Positive Noise on the supply of High-Side Driver (B) Add Negative Noise on the supply of High-Side Driver

3 VBS=15V, VB= Negafive Noise Pul
 VBS = 16V(de) + Positive Pulse Noise R

Negative Noise Peak

ST u High-Voltage AV 20V 30V 40V
o 20V 30V 4W ;e .: PO L5 1T Parasitic diode
Noisy Supply NORMAL ABNORMAL
NORMAL ABNORMAL { : OPERATION OPERATION
OPERATION OPERATION
. : NORMAL ABNORMAL
NORMAL ABNORMAL AN LA 2 ) AN OPERATION OPERATION
OPERATION OPERATION U L“ u
' Pofedtinpidotoi
NORMAL LATCH & ‘ / FATCH
OPERATION DESTROY sk '
P ABNORMAL LATCH&
NORMAL LATCH & L HVIC 9”“’”‘ o OPERATION DESTROY
DPERATION DESTROY LR &ﬂ Ilﬂ MD.-SJ(IRA B?me

_____ the ..

e puwe r

Degllgn Consnderatlons of SlflM fran Ch|5&
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e~ HVIC : Extended -Vs operation

SErMMICOMDUCTOR®

DBOOT
.

FAN7382

600V

} jUTP UTivs)
L I
T A vee=vBs [

Low-Side Input

High Side Input E
o] COM=0V
gﬁ '“‘_5\ Ta=26°C [
To controller E 5 8 \
; Free-wheeling T
Current Sansing Current =82 9 ..""\...
Resistor g = 10
=8 \
w® =
HIN = \
T2 1
: : =3 ]
LIN W 3 -
£ m—— (1) Allowable VS < -V: 33
A Y HIN command is processed. & 1] Fcs High-side driver —
VvES ' ' i E 1 | Conventional High-side driver =——
{[———— OUTPUT(VS) 18 ! ] ! !
L 10 12 14 16 18 20
~ (2) Allowable VS > -V: Supblv Voltade
vee — } HIN command is missed. Pply Voltage [V]
E L |

_V il -i"."‘;- I.

www.fairchildmi.com
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e HVIC . Temperature Independency

SErMMICOMDUCTOR®

UVLO Level

Turn-on delay

: Turn-on Delay Time
£, t : Turn.off Delay Time B8,
HIN ﬁ ¢ Turn-on Rise Tine
LIN 1;, Turn-off Fall Time

I‘-" \ 10.0
|— . + 1 - . c
i 9.8, FCS High-Side Driver
9.6
s 3 ] I I
e i A a0, sn%\ g i VCCUV+ / V
LD m % 9..‘1
g o VCCUvV+
Competitor’s T g e ETTV-
= :
—, e : . —_ 8 8.6
g asll vec=vBs= 15v > s
2 1| com=ov ]
> 50| cL=1nF 8.2
< 205 ' | =
25 - - ' 8.04—— } } , —
- 200 Iﬁlgh-SEde .-u-'"""# FAN7382 AU 20 0 20 40 B0 80 100 120
5 1 e -l
B s ——— st Temperature [*C]
o or--_ Low-Side
2 15
E ..“.-
n 1..
(5 100
E s
Fom

A4l -2l 1] 20 40 [1] B 100 120

the

Temperature["C] i S — e Chap puwer
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Chapter 4. SPM Values
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s Factors driving the need for SPM
1. Energy saving initiatives
- forcing the adoption of newer and complex power drive stages.
- forcing household appliance manufacturers to adopt energy saving motor

solutions, requiring more complex electronic drive solutions.

2. Different types of appliances use different power drive solutions
- different devices can be successfully integrated into one SPM to satisfy
these diverse needs.
3. The increased rate of technological advances in the consumer
appliance industry
- forcing a strong reduction of time to market on companies.
- designers of these controls face enormous pressure to provide cost-effective

solutions in the shortest possible time.

Chap. 4
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e |Ntegration of analog, discrete and package technology

I
SEMICONDUCTDR"

Integration of discrete components

IGBTs/FRFETs HVICs A protection circuit using
LvIC analog components

’ ' ‘ causes time delays and
g g el Design Considerations
/’ ' ‘ & Needs optimization for

SPM'’s built-in HVIC switching and short-
‘ and LVIC with circuit dynamics using
I protection circuit external components

SPM optimizes driving
characteristics for

SPM, which built-in power devices
integrates all diverse

Assembling components,

these parts may enhances

Increase productivity while

manufacturing simplifying

time and cause manufacturing -reduced total system cost

low yields. -reduced development time

-easy management

Manufacturing |mpact —optimized control erX|b|I|ty

-higher reliability
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SPM Effect

Oh failures  Failures in

Impact of using SPM on... time
Reduced number of components + + ++ ++ ++
High performance ++ ++ + 0 0
Increased reliability 0 0 + ++ +++
Less board space or application volume ++ +++ ++ 0 0
Easier and faster design + ++ +++ + ++
Reproducible performance ++ +++ ++ + +

* Using SPMis in line with modern application trends
(smaller, more efficient, better performance)

* Increased reliability and improved time to market are added benefits

Chap. 4

PM Values
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s Reduced number of components

« Biggest impact is in saving mounting cost

* Production time saved for hand-assembly / heatsink to 1 component
instead of 6 heatsinks

* Reduced logistics and purchasing efforts

Fairchild Semiconductor is a proven, high-volume power semi supplier with
excellent quality

6-1GBTs 3-HVICs 1-LVIC

=)

"\ Chap. 4

www.fairchildsemi.com
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SErMMICOMDUCTOR®

High performance

Performance criteria are:
» Power density — how large is the system for a given output power?
» EMI behaviour — shielding / filtering efforts?
« Thermals — how complicated / expensive is cooling the system?

» With Fairchild SPM, power density can be the highest

« Power switches and drivers are precisely matched, improving EMI

« Switching speed can be changed externally, improving EMI — no flexibility lost
over discrete solution

« The Thermal resistance from devices to case and case to heatsink is very low
» DIP package allows easy mounting in standard production lines

Direct bond to copper
(,DBC*)

i s v WE

Chap. 4
PM Values ]
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Increased reliability

All devices in a module are tested together at the end of production
 Fairchild performs reliability and quality engineering on the modules
» For discrete solutions, the customer needs to perform QA eng.

» Protection functions are close to the power devices

« Built-in and tested, no external components

« Lower thermal resistance results in lower temperature change over a load
cycle, increasing reliability

« Standardized high-power wiring is optimized
» Less parasitic components
» Better control of peak voltages

: 1 Chap. 4
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Smaller system size has many advantages
« System is less expensive (PCB space, system volume, mounting efforts)

* New options for system design (e.g. adding the inverter to the panel
controller)

* Motion-SPM in mini-DIP package:
44mm x 27mm
* Height 7mm vs 19mm for TO220
 However, heatsink to be considered
« Discrete solution is considerably larger

* Must respect minimum distances
between components

Ultra-compact, low height complete
control board with Motion-SPM in
SMP3, auxiliary supply with FPS,
and microcontroller

e

www.fairchildsemi.com
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SErMMICOMDUCTOR®

Easier and faster design

« Time to market is a significant success factor

« Bringing innovation to end market yields higher margins — the earlier, the
better

« Shortening the design time improves time to market significantly

» Consider manufacturing / ramp-up impact — reduced number of issues
using modules

« High-power wiring can be standardized

» Added flexibility — for different output power: (One SPM package size covers 3A to
30A designs)

« Standardized PCB layout will comply with layout rules
e Remove interaction between devices in a discrete solution

Substrate Rating Part Number

Excerpt from 3A/600V FSBS3CH60
Motion-SPM . 5A/600V FSBS5CH60
product portfolio ceramic = DA/600V FSBS10CH60
in SMP3 package — 15A/600V FSBS15CH60
Adapt application easily 15A/600V FSBB15CH6E0
across wide power range DBC 20A/600V FSBB20CH®60
30A/600V FSBB30CH60

Chap. 4
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Reproducible performance

* Performance variations are much more under control, accomplished within the
module, 100% tested

 (Gate drivers are fine tuned to switches
» Large impact on efficiency, EMI and safe operation

* Reduce the amount of effort elsewhere in the system to compensate
(potentially cumulative) device variations

» Larger bus capacitors, stronger input rectifiers, snubber circuits — less
effort required

* Overall, system cost can be reduced through less variation of system
performance

— Chap. 4
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SErMMICOMDUCTOR®

Simplified Design:

- Fewer components to
choose and lay out

- Highest power efficiency

- Lowest radiated and
conducted EMI

- Rapid time-to-market

Streamlined Mfq: Higher VValue Solution:

- Reduced board space - Leading edge technology

- Lower number of inserts - Optimized system
and solder joints performance
- Reduced test and visual - Quick design cycles

inspection time _ _
- Highest quality and
reliability

il

SPMs are rich in features and customer
benefits

The value is uniquely defined by the
customer’s design, manufacturing and
business needs

Chap. 4
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SEMICONDUCTOR® - by Appllcatlon

* Many new designs now in production or qualification
» Broad spectrum of customers and applications
« Each design takes advantage of a unique combination of

SPM configuration and associated features/benefits

End Product
Advantage ; — ; ; ; —
Air Conditioner |Washing Machine Refrigerator Fan Motor Industrial Drive
Small Size P P
Higher Efficiency P S P P
Reduced Noise S P S P
Lower Mfg Cost S S P P P
Higher Mfg Yield P P P P P
Fewer Field Failures P P P P P

P = Primary Choice Criteria
s = Secondary

Chap. 4
www_fairchildsemi.com - - SPM Values Al
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m———— S mmary of SPM Benefits

« Design and Development
« Save space
« Compact design
» Easier to meet efficiency & EMI regulations
« Save development time
* Reduce time to the market

 Manufacturing: single component instead of several
« Easier procurement
» Lower assembly cost (single placement, no special steps)
» Higher yield (pre-tested, fewer connections)

 Theright technology for the future
» Cutting edge technology
» Higher efficiency
« High quality and reliability
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= To satisfy More Needs of Customers

SErMMICOMDUCTOR®

Finding
a New Smart Power Module Solution

Welcome Customized Module

with Open Arms

the
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