v . 10-FO06PPA020SB-M685B
Vincotech preliminary datasheet
flowPIMO+PFC 2nd 600V/20A

fowPIMO+PFC 2nd

e Clip in PCB mounting
e Trench Fieldstop IGBT's for low saturation losses
e Latest generation superjunction MOSFET for PFC

Target Applications Schematic

e Industrial Drives

e Embedded Drives
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Maximum Ratings

T=25CT, unless otherwise specified

Parameter Symbol Condition Value Unit
Input Rectifier Diode
Repetitive peak reverse voltage VRRM 1600 \%
Th=80C 26
DC f d t | T;=T;max A
orward curren FAV =i T.=80C 36
Surge forward current Iesm 200 A
t,=10ms T=150C
12t-value I’t 200 A’s
Th=80C 32
P dissipati Diod P T=Tjmax w
ower dissipation per Diode ot =T T.280C 48
Maximum Junction Temperature Tijmax 150 T
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Maximum Ratings

T;=25C, unless otherwise specified

Parameter Symbol Condition Value Unit
PFC MOSFET
Drain to source breakdown voltage Vps 600 \Y
Tp=80C 20
DC drai t | T;=T;max A
rain curren D =T; T.280C 24
Pulsed drain current Ippuise t, limited by Tjmax 159 A
) 15=9,3A ]
Avalanche energy, single pulse Eas Tj=25T 1135 mJ
Vpp=50V
Avalanch tit E lo=0,3A Tj=25C 1,72 J
valanche energy, repetitive AR V=50V = , m
Avalanche current, repetitive lar 9,3 A
MOSFET dv/dt ruggedness dv/dt 50 Vins
T,=80C 64
P dissipati P, T=Tjmax w
ower dissipation tot =i T.=80C 97
Gate-source peak voltage Ves +20 \%
Reverse diode dv/dt dv/dt Vps=0...400V , Igp < Ip Tj=25T 15 Vins
Maximum Junction Temperature Tijmax 150 T
PFC Diode
Peak Repetitive Reverse Voltage VRRM T=25T 600 \%
T,=80C
DC forward current I Ti=Timax n 22 A
T.=80C 28
Repetitive peak forward current lrrM 60Hz Single Half-Sine Wave 300 A
T,=80C
Power dissipation Prot Ti=Tjmax n 35 W
T.=80C 53
Maximum Junction Temperature T;max 150 T
PFC Shunt
DC forward current I T.=25C 55 A
Power dissipation per Shunt Piot T.=25T 3 w
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Maximum Ratings

T;=25C, unless otherwise specified

Parameter Symbol Condition Value Unit

Inverter Transistor

Collector-emitter break down voltage Vce 600 \%
Tp=80C 20
DC collector current | T=Tjmax A
¢ = T.=80C 27
Pulsed collector current lcpuise t, limited by Tjmax 60 A
Turn off safe operating area Vee < 600V, Tj< Top max 60 A
T,=80C 41
Power dissipation per IGBT P, T=Tjmax w
pationp ot = T,280T 62
Gate-emitter peak voltage Vee +20 \%
o tsc Ti<150C 6 s
Short circuit ratings
g Vee Vee=15V 360 v
Maximum Junction Temperature T;max 175 T
Inverter Diode
Peak Repetitive Reverse Voltage Vegm T=25T 600 \%
T,=80C 26
DC forward current Ie Ti=Timax n A
T.=80C 34
Repetitive peak forward current [ t, limited by Tymax 60 A
T A T,=80C 40
Power dissipation per Diode Piot T=T;max n W
T.=80C 60
Maximum Junction Temperature Tijmax 175 T
DC link Capacitor
Max.DC voltage Vuax T.=25T 500 \%
Thermal Properties
Storage temperature Tsig -40...+125 T
Operation temperature under switching condition Top -40...+(Tjmax - 25) T
Insulation Properties
Insulation voltage Vis t=2s DC voltage 4000 \%
Creepage distance min 12,7 mm
Clearance min 12,7 mm
Comparative tracking index CTI >200
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Parameter Symbol Condi tions Value Unit
V. [V] or Ic [A] or
Vee[V]
o {v} " VeeMMor  |Ic[ATor T Min Typ Max
s Vos[V] Io [A]
Input Rectifier Diode
Tj=25C 1,20
Forward voltage Ve 25 Ti=125C 117 \%
Tj=25C 0,92
Threshold voltage (for power loss calc. only) Vio 25 Ti=125C 081 \%
. Tj=25TC 11
Slope resistance (for power loss calc. only) I 25 Ti=125C 14 mQ
Tj=25C 0,05
Reverse current I 1600 Ti=125C mA
Thermal grease
Thermal resistance chip to heatsink per chip Rinn  [thickness<50um 2,20 Kiw
A =1W/mK
PFC MOSFET
. R - Tj=25C 70
Static drain to source ON resistance Ros(on) 10 15 Ti=125C 140 mQ
Tj=25C 2,4 3 3,6
Gate threshold voltage Viesyh 0,00172 Ti=125C \%
Tj=25C 100
Gate to Source Leakage Current lgss 20 0 Ti=125C nA
. Tj=25C 5
Zero Gate Voltage Drain Current Ibss 0 600 Ti=125C nA
) Tj=25C 27
Turn On Delay Time taon) Ti=125C 25
. - Tj=25C 16
Rise Time t Tj=125C 16 ns
. Tj=25C 148
Turn off delay time torm) Rgoff=8 Q Ti=125C 155
£15 400 21 =
Fall time t Rgon=8 Q Tj=25T 5
a Tj=125C 4
- Tj=25C 0,30
Turn-on energy loss per pulse Eon Ti=125C 053
Ti=25C 0.10 mws
Turn-off energy loss per pulse Egif Ti=125C 011
Total gate charge Qce 170
Gate to source charge Qas 10 480 25,8 Tj=25TC 21 nC
Gate to drain charge Qcp 87
Input capacitance Ciss 3800
pF
Output capacitance Coss f=1MHz 0 100 Tj=25TC 215
Gate resistance s 0,85 Q
Thermal grease
Thermal resistance chip to heatsink per chip Rinn  [thickness<50um 1,09 Kiw
A=1W/mK
PFC Diode
Tj=25TC 2,42 2,6
Forward voltage Ve 30 Ti=125¢C 179 \%
Tj=25C 100
Reverse leakage current Im 600 Ti=125C LA
Tj=25C 9
Peak recovery current IRrRM Ti=125C 18 A
. Tj=25C 29
Reverse recovery time t Ti=125C 46 ns
_ Tj=25C 0,14
Reverse recovery charge Qn Rgon=8 Q +15 400 21 Ti=125C 057 uc
Tj=25C 0,02
Reverse recovered energy Erec Ti=125C 0.08 mwWs
di(rec)max Tj=25T 1554
Peak rate of fall of recovery current Tdt Ti=125C 1125 Alus
Thermal grease
Thermal resistance chip to heatsink per chip Rinn  [thickness<50um 2,02 Kiw
A =1W/mK
PFC Shunt
R1 value R 10 mQ
Temperature coeficient te 20T to 60C 30 ppm/K
Internal heat resistance Rini 10 KW
Inductance L 3 nH
Copyright by Vincotech 4 Revision: 1
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Parameter Symbol Condit ions Value Unit
V. [V] or Ic [A] or
V,
VGEm " VeeMMor  |Ic[ATor u Min Typ Max
s Vos[V] Io [A]
Inverter Transistor
. - Tj=25C 5 56 6,5
Gate emitter threshold voltage Veem |Vee=Vee 0,00029 Ti=125C \%
i . Tj=25TC 1,1 1,58 1,9
Collector-emitter saturation voltage Vee(san 15 20 Ti=125C 176 \%
- ) . . Tj=25C 11
Collector-emitter cut-off current incl. Diode lces 0 600 Ti=125C HA
o Tj=25C 300
Gate-emitter leakage current lces 20 0 Ti=125C nA
Integrated Gate resistor Ryint none Q
) ) Tj=25C 67
Turn-on delay time tacon) Ti=125C 67
. Tj=25C 27
Rise time t Tj=125C 29 ns
) ) Tj=25C 126
Turn-off delay ime bon  |Rgoft=16 Q Tj=125C 145
_ +15 400 20 =
Fall time & Rgon=16 Q Ti=25C 54
Tj=125C 75
- Tj=25C 0,68
Turn-on energy loss per pulse Eon Ti=125C 096
Ti=25C 0,48 mws
Turn-off energy loss per pulse Egif Ti=125C 071
Input capacitance Cies 1100
Output capacitance Coss  |f=1MHz 0 25 Tj=25TC 71 pF
Reverse transfer capacitance Crss 32
Gate charge Qaate +15 480 20 Tj=25TC 120 nC
Thermal grease
Thermal resistance chip to heatsink per chip Rinn  [thickness<50um 2,32 Kiw
A =1W/mK
Inverter Diode
. Tj=25TC 1,25 1,64 1,95
Diode forward voltage Ve 30 Ti=125C 166 \Y
Tj=25T 10
Peak reverse recovery current IrrM Ti=125C 3 A
. Tj=25TC 204
Reverse recovery time tr Ti=125¢C 257 ns
- Tj=25C 1,13
Reverse recovered charge Qn Rgon=16 Q +15 400 20 Ti=125T 201 uc
di(rec)max Tj=25TC 31
Peak rate of fall of recovery current It Ti=125T 7 Alus
Tj=25TC 0,31
Reverse recovered energy Erec Ti=125C 054 mWs
Thermal grease
Thermal resistance chip to heatsink per chip Rinn  |thicknesss50um 2,40 KW
A=1W/mK
DC link Capacitor
C value C | | | | 100 | | nF
Thermistor
Rated resistance R Tj=25TC 22000 Q
Deviation of R100 OR/R |R100=1486 Q Tc=100C -5 5 %
Power dissipation P Tc=100C 210 mwW
Power dissipation constant Tj=25TC 35 mW/K
B-value Bsiso) | Tol. £3% Tj=25C K
B-value Basi100) |Tol. 3% Tj=25C 4000 K
Vincotech NTC Reference Tj=25TC A
Copyright by Vincotech 5 Revision: 1
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Figure 1 Output inverter IGBT Figure 2 Output inverter IGBT
Typical output characteristics Typical output characteristics
lc =f(Vce) lc=f(Vce)
60 60
z // z
] — | 3
50 50
40 40
30 30
20 20 /’—
10 10
0 0
0 1 2 3 4 Vee®) 8 0 1 2 3 4 Vee(v) 5
At At
th= 250 'S th= 250 'S
Tj= 25 T Tj= 125 T
Vee from 7V to 17 Vin steps of 1 V Vge from 7V to 17 Vin steps of 1 V
Figure 3 Output inverter IGBT Figure 4 Output inverter FWD
Typical transfer characteristics Typical diode forward current as
lc=f(Vag) a funct ion of forward voltage
Ir = (Vi)
20 125
< < /
16 100 /
12 75
8 50
4 25
T = Trnac25C Tj= 25T
0 0
0 2 4 6 Vee(V) 10 0 1 2 3 Ve ) 4
At At
p = 250 us th= 250 'S
Vee = 10 \Y
Copyright by Vincotech
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Output Inverter

Figure 5 Output inverter IGBT
Typical switching energy losses

as a function of collector current

Figure 6 Output inverter IGBT

Typical switching energy losses
as a function of gate resistor

E =f(lc) E = f(Re)
_ 14 T 20 T T
@
= | = | |
E | g | | Eon High T
Wi | Eon High T £ | |
” | w | |
| | |
! E 15 ! s __
1,0 ! onLow T ! on Low T
|
|
|
08 F—=————=—=———=———————— T
| Eoff igh 7
| 10
06
EottLow T
Eit High T
04 F—mmm e e m T T T -~
Efo Low T
05
02 F---p e — — — — — -~ — P
|
|
00 L 00
0 5 10 15 20 25 '
e (A) 0 20 40 60 Rs(Q) 80

With an inductive load at

T= 25/125 T
Vee= 400 %
Vee = +15 %
Rgon = 16 Q
Rgoft = 16 Q

Figure 7 Output inverter FWD

Typical reverse recovery energy loss
as a function of collector current
Erec = f(IC)

With an inductive load at

T= 25/125 T
Vee= 400 %
Vge = +15 %
le= 20 A

Figure 8 Output inverter FWD

Typical reverse recovery energy loss
as a function of gate resistor
Erec = f(RG)

06 T

| Erec
Ty = Tjrlax -25C

|

E (mWs)

[ 1 e ——

Erec

lc(A)

0,75

0,45

0,30

0,15

0,00

With an inductive load at

T,= 25/125 T
Vee= 400 %
Vee = +15 %
Rgon = 16 o)

Copyright by Vincotech

With an inductive load at

T,= 25/125 T
Vee= 400 %
Vee = +15 %
le= 20 A
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Figure 9

Typical switching times as a

function of collector current

t=1(lc)

Output Inverter

Output inverter IGBT

10-FOO6PPA020SB-M685B

Typical switching times as a
function of gate resistor

t=f(Rg)

preliminary datasheet

Figure 10 Output inverter IGBT

15 20 25

40 60 Rs(2) 80

With an inductive load at

T,= 125
Vee = 400
Vee = +15
Rgon = 16
Rgoﬁ = 16

Figure 11 Output inverter FWD

o <<G

Typical reverse recovery time as a

function of collector current

With an inductive load at

Tj= 125 T
Vee = 400 \Y
Vee= +15 \Y
Ic= 20 A
Figure 12 Output inverter FWD

Typical reverse recovery time as a
function of IGBT turn on gate resistor

trr = f('c) trr = f(Rgon)

0,30 04

2 tr 31 t
:E / = T; = Timax -25T "
025 /
= Timax -25T e
03
0,20 // te
0,15 02
T,=25C / T;=25C
0,10 /
01
0,05
0,00 0
0 5 10 15 20 25 e () 30 0 20 40 60 Ryon(2) 80

At At
Ti= 25/125 T T = 25/125 T
Vee = 400 v Vg = 400 v
Vee = +15 v k= 20 A
Rgon = 16 Q Vee = +15 v

Copyright by Vincotech
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Output Inverter

Figure 13 Output inverter FWD Figure 14 Output inverter FWD

Typical reverse recovery charge as a Typical reverse recovery charge as a
function of collector current function of IGBT turn on gate resistor
er = f(IC) er = f(Rgon)

25 25

5 | Q o
© | Qu
20 20 //
Tj = Tjhax -25C T = Timax -25C
15 15
| Qu Tj=25T o
10 // 10
T;=25T
05 05
00 00
0 5 10 15 20 25 Ie (A 30 0 20 40 60 Rgun(Q) 80

At At
Tj= 25/125 T T= 25/125 T
Vee = 400 \Y Vg = 400 \Y
Vee= +15 \Y Ie= 20 A
Rgon = 16 Q Vee= +15 \Y

Figur e 15 Output inverter FWD Figure 16 Output inverter FWD

Typical reverse recovery current as a Typical reverse recovery current as a
function of collector current function of IGBT turn on gate resistor
Irrm = f(Ic) lrrm = f(Rgon)
15 40
<
H

Timax 25T | —]

—
n

: / lrem

Tj=25TC Tj= Tjmax - 25T,

T,=25C \
10

3 \ I

lrem

’ 0 5 10 15 20 25 ¢ (A) 30 ’ 0 16 32 48 64 Rgon(g) 80
At At
T,= 25/125 T T, = 25/125 T
Vee= 400 v Vg= 400 %
Vee = +15 v Ie= 20 A
Rgon= 16 Q Vee = +15 v

Copyright by Vincotech 9 Revision: 1



10-FOO6PPA020SB-M685B

preliminary datasheet

v
\ Vincotech

Output Inverter

Figure 17 Output inverter FWD
Typical rate of fall of forward

and reverse recovery current as a

function of collector current

dig/dtdlec/dt = (1)

Typical rate of fall of forward

and reverse recovery current as a
function of IGBT turn on gate resistor
dlo/dt,dlrec/dt = f(Rgon)

Figure 18 Output inverter FWD

1000 6000
T digdt  ZZZZ0 B digdt ===z=z
ks digJdt —— 2 direc/dlt
5 s
= g % 5000
£ 800 s

4000
600
..-"- e 3000
- -~
400 >
,-" 2000
200
1000
0 0
0 5 10 15 20 25 Ic (A) 30 0 20 40 60 Rgon(2) 80

At At

Ti= 25/125 T T = 25/125 T

Vee = 400 v Vg= 400 v

Vee = +15 v e = 20 A
Rgon = 16 Q Vge= +15 \%

Figur e 19 Output inverter IGBT Figure 20 Output inverter FWD

IGBT transient thermal impedance
as a function of pulse width

FWD transient thermal impedance
as a function of pulse width

Zingn = 1(tp) Zingn = 1(tp)
10" 10"
i [ —=
A | | | — /,r N | — /,,
10 Z 10°1 //
/""—'/// =
L // H—] A
=l e
/ D=0,5 //
=0, D=0,5
0,2 / 0,2
1011 0,1 ml 10 0.1 1
0,05 005
0,02 L 0,02 —
0,01 001
0,005 0,005
0.000 0.000
10? 10 T T ;
10° 10 10° 10° 10* 100 ) g 10° 10* 10° 102 10" 100 () g0
At At
D= /T D= /T
Rinn= 2,32 KIW Rinn = 1,88 KIW Rinn= 2,40 KIW Rinn = 1,94 KIW
IGBT thermal model values FWD thermal model values
Thermal grease Thermal grease Phase change interface
R (C/W)  Tau(s) R (C/W) Tau (s) R (C/W)  Tau(s) R (C/W) Tau (s)
0,07 4,4E+00 0,06 3,6E+00 0,07 4,6E+00 0,06 3,7E+00
0,30 3,8E-01 0,24 3,1E-01 0,27 4,8E-01 0,22 3,9E-01
1,26 8,1E-02 1,02 6,6E-02 1,13 8,5E-02 0,92 6,9E-02
0,34 1,2E-02 0,27 9,6E-03 0,52 2,0E-02 0,42 1,6E-02
0,14 1,4E-03 0,12 1,1E-03 0,20 2,8E-03 0,16 2,3E-03
0,21 1,3E-04 0,17 1,0E-04 0,21 3,3E-04 0,17 2,7E-04
Copyright by Vincotech 10 Revision: 1
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Output Inverter

Figure 21
Power dissipation as a

Output inverter IGBT

function of heatsink temperature

Figure 22 Output inverter IGBT
Collect or current as a

function of heatsink temperature
Piot = f(Th) Ic = f(Th)
80 35
g <
o =
30
60
2
20
40
15
10
20
5
0 0
0 50 100 150 T.00) 20 0 50 100 10 poegy 200
At At
Tj= 175 T T= 175 T
Vee= 15 \Y
Figure 23 Output inverter FWD Figure 24 Output inverter FWD
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Piot = f(Th) e = f(Th)
75 40
o L
60
30
45
20
30
10
15
0 0
0 50 100 150 Th(°C) 200 0 50 100 150 Th(°C) 200
At At
T= 175 T T= 175 T
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Output Inverter

Figure 25
Safe operating area as a function
of collector-emitter voltage

Output inverter IGBT

Figure 26
Gate voltage vs Gate charge

Output inverter IGBT

lc=f(Vce) Vee = f(Qce)
10° 20
- ¥ 18
16 20
o ~ 120v 480V
/‘< N \ \‘ 14 /
I N " \‘ NG /
/ \ N \\\ms 100u\ .
SR N NN I
10 \ ;‘\\ N 10
SN \\ N /
be \Qk\ N 8 I
\\ \\ 6
10°
N 4
2
0
10™ 0 20 40 60 80 100 120 140 160
10° 10t 102 Vee (V) 10° Qqy(nC)
At At
D= single pulse le = 20 A
Ty = 80 °C
Vge = +15 \%
Tj = ijax °C
Figure 27 Output inverter IGBT Figure 28 Output inverter IGBT

Short circuit withstand time as a function of
gate-emitter voltage

Typical short circuit collector current as a function of
gate-emitter voltage

tse = f(Vee) Vee = f(Qce)
14 350
5 S
12 300
10 I 250 //
8 200 //
6 \\ 150 /
4 100
2 50
0 0
10 11 12 13 1 12 13 14 15 16 17 18 19 20
Vee(V) Vee(V)
At At
Vee = 600 v Vee < 600 v
UE 175 oC = 175 oC
Copyright by Vincotech Revision: 1
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Output Inverter

Figure 29 IGBT
Reverse bias safe operating area
lc=f(Vce)
50
<
I
40 'C MAX .
l 5
30 \
g1
20 =
Il ¢
8
| =
10
|
0
0 100 200 300 400 500 600 700
Vee(V)
At
Ti= Timax25  °C
Uccminus:Uccplus
Switching mode : 3 level switching
Copyright by Vincotech 13
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PFC

Figure 1

Typical output characteristics Typical output characteristics
Io = f(Vps) Io = f(Vps)

0 50

PFC MOSFET

Figure 2 PFC MOSFET

@

1o (A)

1o (A)

/

N
S

30

20 20

10

/ L

0
0 2 4 6 8 Vps (V) 10 0 2 4 6 8 Vs (V) 10
At At
th= 250 'S th= 250 'S
T= 25 T T= 125 T
Vgs from 0V to 20 Vin steps of 2V Vgs from 0V to 20 Vin steps of 2V
Figure 3 PFC MOSFET Figure 4 PFC FWD
Typical transfer characteristics Typical diode forward current as
a function of forward voltage
Io = f(Vegs) Ir = f(Ve)
25 125
< <
20 100
15 75
10 50
Tj3 Timar25C
5 25
TJ : TJ@ T] e / Tl e
0 0
0 1 2 3 4 Ve © 0 1 2 3 4w 8
GS 3
At At
th= 250 'S th= 250 'S
Vps = 10 \Y
Copyright by Vincotech 14
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Figure 5
Typical switching energy losses
as a function of collector current
E =1(lp)

PFC MOSFET

PFC

E = f(Re)

10-FOO6PPA020SB-M685B
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Figure 6 PFC MOSFET

Typical switching energy losses
as a function of gate resistor

8

E (mWs) o

04

0,2

With an inductive load at

T,= 25/125 T
Vps= 400 %
Vas= 10 %
Rgon = 8 Q
Rgoft = 8 Q

Figure 7 PFC MOSFET

Typical reverse recovery energy loss
as a function of collector (drain) current

With an inductive load at

Tj=
Vps =
Ves =

Ib=

25/125
400

10

21

T
\
\
A

Figure 8 PFC MOSFET

Typical reverse recovery energy loss
as a function of gate resistor

Erec = f(lc) Erec = f(RG)
0,10
2
E
w Erec
008 F— — — — —F — — — — -~ — b T
006 F——-———---—-——--—-— L L i
|
|
|
0,04 :
T =25C// Erec
| |
|
Erec | |
0,02 002 I |
| |
| |
| |
| |
0,00 0,00 ‘ ‘
0 5 10 15 20 25 e () 30 0 10 20 30 Ro(@) 40
With an inductive load at With an inductive load at
Ti= 25/125 T Tj= 25/125 T
Vps = 400 \Y Vps = 400 \%
Ves = 10 \% Vs = 10 \
Rgon = 8 Q Ib= 21 A
Ryoft = 8 Q
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Figure 9 PFC MOSFET Figure 10 PFC MOSFET

Typical switching times as a Typical switching times as a
function of collector current function of gate resistor
t=f(lp) t=f(Rg)

1,00

t(ps)

0,10

0,00
0 8 16 24 32 Re(0Q) 40

With an inductive load at With an inductive load at

Tj= 125 T Tj= 125 T

Vps = 400 \% Vps = 400 \%

Vgs = 10 \Y Ves = 10 \%

Rgon = 8 Q Ic = 21 A

Ryofr = 8 Q

Figure 11 PFC FWD Figur e 12 PFC FWD

Typical reverse recovery time as a Typical reverse recovery time as a
function of collector current function of IGBT turn on gate resistor
tfl’ = f(lc) tfl’ = f(RQOI‘I)
006 010
2 Z
= = tr
008 t, 008
/"” i A
/ t
0,04 L —] |t
/ 006
t T)= Timax25C
003 —
/
/ 004
0,02 /1:4
/ 0,02
0,01
[ 0,00
0 5 10 15 20 25 e (A 30 0 10 20 30 Ron(2) 40
At At
Tj= 25/125 T T= 25/125 T
Vee = 400 \Y Vg = 400 \Y
Vee= 10 \Y Ie= 21 A
Rgon = 8 Q Ves = 10 \Y
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Figure 13 PFC FWD Figure 14 PFC FWD

Typical reverse recovery charge as a Typical reverse recovery charge as a
function of collector current function of IGBT turn on gate resistor
er = f(IC) er = f(Rgon)

08

8

)= Tjmax- 25

T)= Tina - 25 \
Qn

Qi (1)
Q (HO) o

04 04
Qu
02 02
T=2sC | Q
/ T)= 25T
0 0,0
0 5 10 15 20 % .m0 0 8 16 2 2 Rgn(Q) 40
At At
Ti= 25/125 T T = 25/125 T
Vee= 400 v VR= 400 v
Vee = 10 v IF= 21 A
Rgon 8 Q Ves = 10 \%
Figure 15 PFC FWD Figur e 16 PFC FWD

Typical reverse recovery current as a

Typical reverse recovery current as a
function of collector current

function of IGBT turn on gate resistor

Irrm = f(Ic) lrrm = f(Rgon)
20 _30
< <
z T :
= | 7= Tjna- 25T Irr - »
16
20
2 3 Timax -25C
IRRM 15
7= 25%:/"‘/— T T—— \
8 [ — [
10
T,=25C T
4 T ———————— ltrw
5
0 0
0 5 10 15 20 25 1o (A) 30 0 10 20 30 Rgon(2) 40
At At
Ti= 25/125 T T = 25/125 T
Ve = 400 v Vg= 400 v
Vge = 10 v e = 21 A
Rgon = 8 Q Vgs = 10 \%
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Figure 17

Typical rate of fall of forward

and reverse recovery current as a
function of collector current
dlp/dt,dl,ec/dt = f(Ic)

PFC

PFC FWD

10-FOO6PPA020SB-M685B
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Figure 18 PFC FWD

Typical rate of fall of forward

and reverse recovery current as a
function of IGBT turn on gate resistor
dlo/dt,dlrec/dt = f(Rgon)

. 2000 3000
;1 dly/dt o
g /—’\ dle/dit %
£ gézsoo
1500
2000
1000 1500
1000
500
500
0 0
0 5 10 15 20 B | a 2 0 8 16 24 2 o P
At At
Ti= 25/125 T T = 25/125 T
Vee = 400 % Vg = 400 v
Vee = 10 \% Ir= 21 A
Rgon = 8,01 Q Vgs = 10 \%

Figure 19 PFC IGBT/MOSFET

IGBT/MOSFET transient thermal impedance
as a function of pulse width

Figure 20 PFC FWD

FWD transient therm al impedance
as a function of pulse width

Zingn = 1(tp) Zingn = 1(tp)
10! 10t
¢ g
——/5
L — |
10° | —= 10°
H 7
L] / /
” D=05 // D=05
10" A g,i 10" 7 0.2
7 , 01
0,05 ___/,.,/ 0,05
P 0,02 002 |
I 001 - 0,01
0,005 % 0,005
// y
L 0.000 | 0.000
10 ! 10
10° 10* 10° 10? 10* 100 %) a0 10° 10 10° 107 10" 100 () 10y
At At
D= t/T D= /T
Ringr = 1,09 KW Rihn = 0,88 KW Rinn= 2,02 KW Rihn = 1,63 KIW

IGBT thermal model values

Thermal grease

R (C/W)
0,06
0,28
0,53
0,13
0,05
0,03

Tau (s)

3,95E+00
4,91E-01
1,37E-01
2,28E-02
3,27E-03
5,12E-04

Phase change interface

R (CIW)
0,05
0,23
0,43
0,11
0,04
0,03

Copyright by Vincotech

Tau (s)

3,20E+00
3,98E-01
1,11E-01
1,85E-02
2,66E-03
4,15E-04

18

FWD thermal model values

Thermal grease

R (C/W)
0,06
0,32
1,04
0,33
0,14
0,12

Tau (s)

6,73E+00
5,93E-01
1,16E-01
2,53E-02
5,39E-03
8,83E-04

Phase change interface

R (C/W)
0,05
0,26
0,85
0,26
0,12
0,10

Tau (s)

5,46E+00
4,80E-01
9,40E-02
2,05E-02
4,37E-03
7,16E-04
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PFC

PFC IGBT/MOSFET
Power dissipation as a

function of heatsink temperature

Figure 22 PFC IGBT/MOSFET

Collect or/Drain current as a
function of heatsink temperature

Piot = f(Th) Ic = f(Tn)
150 35
B <
& >
30
120
25
90
20
15
60
10
30
5
0 0
0 50 100 150 Ty (°C) 200 0 50 100 150 T, (°C) 200
At At
Ti= 150 °C T= 150 °C
Ves = 10 \Y
Figure 23 PFC FWD Figure 24 PFC FWD
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Piot = f(Th) e = f(Th)
80 40
B <
& x
60 30
40 20
20 10
[} 0
0 50 100 150 Ty (°C) 200 0 50 100 150 Ty (°C) 200
At At
T= 150 °C T= 150 °C
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Figure 25 PFC MOSFET Figure 26 PFC MOSFET
Safe operating area as a function Gate voltage vs Gate charge
of drain-source voltage
Ip = f(Vps) Ves = f(Qg)
10° 10
< AN < S
o \ NS >g
N 120V
<’< \\ \\ 8
/\\ N ms| N 100us
N, \ \a{ \\
/ N\ 5oV
AN AN 6
A NN N
NN 4
N
NN
NN
\\\\ )
\ N
N
N 0
1° e 7 Voot o 0 25 50 75 100 125 150 175Q . (nc)zoo
At At
D= single pulse Ip= 21 A
Ty = 80 °C
Ves = 10 \%
Ti= Timax °C
Figure 29 IGBT
Reverse bias safe operating area
lc=f(Vce)
50
<
IC MAX
40 T
V.
‘ 5
30 \
¢ |
20 -
Iz
1§
10
|
0
0 100 200 300 400 500 600 700
Vee(V)
At
T= Timax25  °C

Uccminus: Uccplus

Switching mode :

3phase SPWM

Copyright by Vincotech
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Input Rectifier Bridge

Figure 1 Rectifier diode Figure 2 Rectifier diode
Typical diode forward current as Diode tr ansient thermal impedance
a function of forward voltage as a function of pulse width
Ie=f(Vg) Zingn = 1(tp)
80 10"
<
60 N i
L —
10°
1A 7
T~
40 //’
// D=05
1 7 0,2
10 0,1
20 Il 0,05
— 0,02
LA 0,01
— 0,005
o 0.000
0 107 ] L L
0 05 1 15 2
VE (V) 10° 10 10° 10? 10" 10° t,(s) 10
At At
t= us D= /T
Rihgn = 2,20 Kw
Figure 3 Rectifier diode Figure 4 Rectifier diode
Power dissipation as a Forward current as a
function of heatsink temperature function of heatsink temperature
Piot = f(Th) e = f(Th)
80 50
g z
& x
40
60
30
40
20
20
10
o [}
0 50 100 150 T,(°0) 20 0 %0 100 B g
At At
T= 150 °C T= 150 °C
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Thermistor

Figure 1 Thermistor Figure 2 Thermistor

Typical NTC characteristic Typical NTC resistance values
as a function of temperature
Rr =f(T)
NTC-typical temperature characteristic 1 1
24000 B510 T
— 25
RT) =R o]
20000
16000 T Riom Ry Rumax ARR
[C] Q] (2]} 1 [£%]
-55 2089434,5 | 15064954 | 26723736 27.9
12000 0 71804,2 59724,4 83884 16,8
10 43780,4 37094.4 50466,5 15,3
20 27484.6 23684.6 31284.7 13.8
25 22000 19109,3 24890,7 13,1
8000 0 177233 15512.2 19934.4 12,5
60 5467,9 4980,6 5955,1 8,9
70 3848,6 3546 4151,1 7.9
4000 80 2757.7 2568,2 29471 6.9
90 2008.9 18897 21282 59
100 1486,1 1411,8 1560,4 5
o 150 400,2 364,8 4357 8,8
25 50 75 100 T(C) 125
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T 125C
Rgon = 16Q
Rygoft = 16Q
Figure 1 Output inverter IGBT Figure 2 Output inverter IGBT
Turn-off Switching Waveforms & definition of t doff» LEoff Turn-on Switching Waveforms & definition of tdon, t Eon
(teor = integrating time for E ) (tgon = integrating time for E )
125 4 175
% taoft ” le
\Y 150 4
100 4 M CE
GE 90%
Vee g0% 125 4
75 4 Vee
e 100 I?g‘ Vor
50 75
VAR oL\
50 /
Vee \\/\\ 25
0 APV W L Vee10% --r/ e Lo Veean
1 0
C 1% tEun
-25 ; ; 25 ; ; .
0,1 0 0,1 0,2 ) 0,4 29 3 3,1 32 _
time (us) time(us)
Ve (0%) = -15 \% Ve (0%) = -15 \%
Ve (100%) = 15 \% Ve (100%) = 15 \%
Vc (100%) = 400 \Y Vc (100%) = 400 \Y,
Ic (100%) = 21 A Ic (100%) = 21 A
Lot = 0,15 us tdon = 0,07 us
tEoff = 0,40 us tEon = 0124 us
Figure 3 Output inverter IGBT Figure 4 Output inverter IGBT
Turn-off Switching Waveforms & definition of t ¢ Turn-on Switching Waveforms & definition of t |
125 4 175
% fitted % I
le Vee 150 /\Nf\\
100 d—~ et e
Ic 90% 125 4
75 Vee \\\,HA
100 I
IC 60% 1,
'C90%
50 75
tr
IC 40%
50
25
25
o N P
USSPV 1
N t; 0 C 10%
-25 ! ! ! 25 ! .
01 0 01 0.2 time (us) 0.4 3 31 32 33 time(us) 34
Vc (100%) = 400 \Y, Vc (100%) = 400 \Y,
Ic (100%) = 21 A Ic (100%) = 21 A
t= 0,08 us t= 0,03 us
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Figure 5 Output inverter IGBT Figure 6 Output inverter IGBT
Turn-off Switching Waveforms & definition of t Eoff Turn-on Switching Waveforms & definition of t g,
125 150
% % Pon
Poff E
100 4 of
Eon
100 4
75 |
50 4 50
IC 1%
25 A VCE 3%
GE 10%
VGE 90% 0 | b B
tE0|'|
o X X
tEoff
-25 : -50 : !
0,2 0 0.2 04 0,6 29 3 3,1 32 33 34
time (us) time(us)
Py (100%) = 8,37 kw Pon (100%) = 8,37 kw
E,i (100%) = 0,71 mJ Eqn (100%) = 0,96 mJ
teoft = 0,40 us teon = 0,24 us

Figure 7 Output inverter FWD Figure 8 Output inverter IGBT

Gate voltage vs Gate charge (measured) Turn-off Switching Waveforms & definition of t
20 1 150 -
g %
>15 Iy
100 grrrrrm At
10 A
50 4
5 4
Vy )
o 0 fitted .
IRRM 10%
-5
-50
RRM 90%
-10 4 Irrm 100%
-100
.15 4
-20 : : : -150 ! !
-50 0 50 100 150 200 2,8 3 32 34 36
Qg (nC) time(us)
Veeoft = -15 \% V, (100%) = 400 v
Veeon = 15 \% 13 (100%) = 21 A
V¢ (100%) = 400 \Y, Irrm (100%) = -13 A
Ic (100%) = 21 A tr = 0,26 us
Qg = 179,93 nC
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Switching Definitions Output Inverter

Figure 10 Output inverter FWD

Figure 9 Output inverter FWD
Turn-on Switching Waveforms & definition of t o Turn-on Switching Waveforms & definition of t =~ gec
(tor = integrating time for Q ) (terec= integrating time for E o)
150 125
% %
! Q Erec L
d rr L 00
100 — '
. 75 4 terec
50 - il /
50
O I / Prec
25
50 /
WJ 0
-100 : : : 25 . .
28 3 32 34 3.6 time(us) 3 32 3.4 3.6 time(us) 38
l4 (100%) = 21 A Prec (100%) = 8,37 kw
Q. (100%) = 2,01 uc E/ec (100%) = 0,54 mJ
thr = 0,52 “S tErec = 0152 “S
25 Revision: 1
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Switching Definitions PFC

General conditions

T = 125
Rgon = 8Q
Ryt = 8Q
Turn-off Switching Waveforms & definition of t doff» LEoff Turn-on Switching Waveforms & definition of t 4o, teon
(teor = integrating time for E ) (tgon = integrating time for E )
125 4 200
%

% Laoff

Ic
100 - A e~ \
= Ver o I 150
VCE 90%
75 A Ver A
Voe 100 L
50 v

teot \\’M_\ ' lq 2% Lo Vee
l 50 4

A

2 |

V \/ Veeww lci0%
Vee 0
0 A W teon k Voes

-25 ! . -50 T . :
-0,05 0 0,05 0,1 0,15 0,25 2,96 2,98 3 3,02 3,04 3,06 3,08
time (us) time(us)
Ve (0%) = 0 \ Ve (0%) = 0 \
Ve (100%) = 10 Y Ve (100%) = 10 \
V¢ (100%) = 400 \Y V¢ (100%) = 400 \Y,
Ic (100%) = 21 A Ic (100%) = 21 A
Lot = 0,16 us tdon = 0,03 us
teoft = 0,19 us teon = 0,08 us
Figure 3 PFC MOSFET Figure 4 PFC MOSFET
Turn-off Switching Waveforms & definition of t ¢ Turn-on Switching Waveforms & definition of t |
125 200 -
%

fitted %
[ A/ Vee o
100 79 150
\/ -
75
A
100

ke son o \/ \
50
tI'
lc a0% 50

25 / \/\
— lc 10w
L NW" o7
.- \/\ JAN
. N/
]
-25 T | -50 T T |
0,12 0,14 0,16 0,18 0,2 2,98 3 3,02 3,04 3,06 3,08
time (us) time(us)
V¢ (100%) = 400 v V¢ (100%) = 400 V;
Ic (100%) = 21 A Ic (100%) = 21 A
t= 0,0040 us t,= 0,0160 us
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Figure 5 PFC MOSFET Figure 6 PFC MOSFET

Turn-off Switching Waveforms & definition of t Eoff Turn-on Switching Waveforms & definition of t g,
125 200
% % p
Eoff on
100 4
150
75
Eon
lc 196 100
50
50 4
25
u ge 90% u 9e10%
P 0+
0 off Leon U
tEoff 8 ce 3%
-25 : : : -50 ! :
-0,1 0 0,1 0.2 ) 0,3 2,95 3 3,05 31 ) 5
time (us) time(us)
Pyt (100%) = 8,37 kw Pon (100%) = 8,3652 kw
E,i (100%) = 0,11 mJ Eqn (100%) = 0,53 mJ
teoff = 0,19 us teon = 0,0843 us
Figure 7 PFC MOSFET Figure 8 PFC FWD
Gate voltage vs Gate charge (measured) Turn-off Switching Waveforms & definition of t
124 150
)
o %
3 1
10 d

7 100 4

N t
50 4
6 fitted
Ugy
7 0 j
[

4 4 10%
-50
2
IRRM 90%
ol -100 RRM10( \_/
-2 T T T | -150 T T
-20 0 20 40 60 80 100 120 2,98 3,01 3,04 3,07 31 313
Qg (nC) time(us)
Veeoft = 0 \Y, V, (100%) = 400 V;
Veeon = 10 Vv lg (100%) = 21 A
Ve (100%) = 400 v Irry (100%) = -18 A
Ic (100%) = 21 A t, = 0,05 us
Q= 108,06 nC
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Figure 9 PFC FWD Figure 10 PFC FWD
Turn-on Switching Waveforms & definition of t o Turn-on Switching Waveforms & definition of t ~ gec
(o= integrating time for Q ) (terec= integrating time for E o)
150 125 4
% % E, L
ld rec
Qn 100 4 \/\W
100
e [V
thm 75 Erec |
50 /
50
0+ - /
25
Prec
-50
v 0-
-1002 98 3,03 3,08 3 is 3 is 2 ‘
' ' ' ' time(us) 2,98 3,03 3,08 313 fime(s) 318
l4 (100%) = 21 A Prec (100%) = 8,37 kw
Q,; (100%) = 0,57 uc Erec (100%) = 0,08 mJ
tQint = 0,09 us tErec = 0109 us
Copyright by Vincotech 28

Revision: 1



v .
\ Vincotech

10-FOO6PPA020SB-M685B

preliminary datasheet

Ordering Code and Marking - Outline - Pinout

Ordering Code & Marking

Version

Ordering Code

in DataMatrix as

in packaging barcode as

without thermal paste 17mm housing

10-FO06PPA020SB-M685B

M685B

M685B

684
659
642 02
, 378 ,
% i
i§= 1719 21 | 2273 2t 7 |
— o 22_3 o e o
@ i
i
~N 5 , st ol
P N : 7 LR
¢ 9
—] 14
[ 18—~ 1
v

o [
(]

DC+ PFCIN PFC+ INV+
{25) (24} {23) {(22)
) ] T
3
£ . N Y. Y G3 (20)'@62 (18)I G (1e)||:‘}
L L
L1 (26) == —— - VW (21)
—— - v (19)
L2 (27) el—— — ) (17)
G7 (&) | e 4 4
N S7 (7) H G6 (8) I G5 (10}' G4 (12)|
A —
1
2
—1 1—12?1
| |
DC-  PFC-S1 852  INw- E6 ES E4 NTCA1 NTC2
{1 (2) 2 (4) (5) (9) (11 (12} (14) {15}
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PRODUCT STATUS DEFINITIONS

Datasheet Status Product Status Definition

This datasheet contains the design specifications for
product development. Specifications may change in any
manner without notice. The data contained is exclusively
intended for technically trained staff.

Target Formative or In Design

This datasheet contains preliminary data, and
supplementary data may be published at a later date.
Vincotech reserves the right to make changes at any time
without notice in order to improve design. The data
contained is exclusively intended for technically trained
staff.

Preliminary First Production

This datasheet contains final specifications. Vincotech
reserves the right to make changes at any time without
notice in order to improve design. The data contained is
exclusively intended for technically trained staff.

Final Full Production

DISCLAIMER

The information given in this datasheet describes the type of component and does not represent assured characteristics. For tested
values please contact Vincotech.Vincotech reserves the right to make changes without further notice to any products herein to improve
reliability, function or design. Vincotech does not assume any liability arising out of the application or use of any product or circuit
described herein; neither does it convey any license under its patent rights, nor the rights of others.

LIFE SUPPORT POLICY

Vincotech products are not authorised for use as critical components in life support devices or systems without the express written
approval of Vincotech.

As used herein:

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

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its safety or effectiveness.
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