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Output power and I-V characteristic of a solar
Inf
panel changes with sunlight and temperature (infineon.
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Solar system setup

Centralized
technology Multistri
. ulti-strin
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* Source: Soeren Baekhoej Kjaer et al. A Review of Single-Phase Grid-Connected Inverters for Photovoltaic Modules. IEEE 2005
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Power classes and naming

B Central inverter (connects to a solar field)
[120..100 kW, large cabinets
O Up to few MW in paralleled cabinets

- .

BE =
- .. “

T B I
P M

W String / multi string inverter

01 kW..8 kW string inverters (connects to one
string of solar panels)

08 kW..20 kW multi string inverters (several

strings with individual MPP tracking can be connected)

B Microinverter (connects to one solar panel only)
0150W..600W

8/10/2011



_ _ infineon
Requirement of solar inverter system (afineon.

Differentiation IFX contribution
= Highest efficiency = Leading edge technologies
= Very high reliability = Proven quality with long
= Low cost field experience

= Best cost-performance

DC side: "1 AC side:

= wide input voltage range
= Maximum power point
(MPP) tracking

= Sinewave output current
= Reactive power capability
4 = Fault ride through

8/10/2011
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Solar market outlook k-/

MW shipment in 2010 by IMS research WW installation forecast by EPIA
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Non- isolated string inverter (Single phase) Cinfineon
Boost + 2-level DC/AC stage

DC/DC converter DC/AC stage
(Boost) (H4)
S4..5
D1
350V min
480V max
S1
S2..3

Devices Function Recommended IFX parts
S1 Boost switch CoolMOS™ 650V C6
D1 Boost diode SiC SBD 600V Gen 3

S2..55 High frequency output switches IGBT 600V HS3 + SiC SBD Gen 3

8/10/2011



Isolated string inverter (Single phase)
Boost + LLC + isolation + unipolar PWM

Boost
o1 >3- ss5
S1
S2 S4

Devices  Function
S1 Boost switch
D1 Boost diode
S2..S5 LLC FETs
D2..D5 Rectification diodes
S6..57 High frequency output switches
S8..59 Polarity selection switches

Isolation + Rectification

D2..

Recommended IFX parts

CoolMOS™ 650V C6
SiC SBD 600V Gen 3
CoolMOS™ 650V CFD2
SiC SBD 600V Gen 3
CoolMOS™ 650V CFD2
IGBT 600V TrenchStop)

(infineon

DC/AC stage

S8..9

S6..7

8/10/2011



Three phase solution, transformerless Cinfineon
Boost + Neutral point clamp 3-level inverter

Boost stage

(x times for multi string)

Devices
S1
D1
S2..S3
D2..D3
S4..55

D1

S1

Function
Boost IGBT
Boost diode
High frequency switches
Clamping diodes

Polarity switches

3-level inverter

S3 (3 times for 3 phase solution)
S5

D3

D2 S4

S2

Recommended IFX part
Highspeed3 IGBT 1200V
SiC SBD 1200V
CoolMOS CFD2 650V / Highspeed 3 IGBT 600V
SiC SBD 600V
TrenchStop IGBT 600V




Cinfir
Central inverter: Boost + B6 bridge Tineon

Boost stage 3-phase B6 bridge
e TS 0
D1 4’/23 4{’/23 4{’/23
© 1 "1—7\/\/\/\/\/_._@
0..1000V 4{ — —© 400V AC
- jn =R VIVIVIV,V/ ©
| A T
Devices Function Recommended IFX part
S1 Boost MOSFET IGBT 1200V T2
D1 Boost diode Si-Diode EmitterControlled 1200V
B6 B6 switches IGBT 1200V T2 + Si-Diode 1200V

B s —

EconoDUAL IHM Stacks

EconoPACK™ 4 62mm EconoPACK+ PrimePACK IHY

8/10/2011 .



Micro-inverter

Devices
S1
D1

S2..55

Flyback

S1

Function
High frequency flyback switch
Rectification diode

50Hz unfolding switch

(infineon

Unfolding Bridge

S2..3

S4..5

Recommended IFX part

OptiMOS 150V /60V (if double ends)

SiC SBD 1200V

CoolMOS 800V/ 900V

8/10/2011
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infir
What is the advantage of Microinverter? Afineon”

B Less shading impact

\\~\\\,\\~'\\\

1Y

B Individual panel MPPT
m Safety(low AC voltage)
B Easy installation

B Longer service life(warranty)
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Infineon offers a broad portfolio of Power
Management Discretes

Discrete Power Semiconductors

(infineon

Low Voltage High Voltage IGBT SIC Schottky
MOSFETs MOSFETs Diodes
- OptiMOS™ CoolMOS™ C3 TRENCHSTOP™ - thinQ!I™
20V — 30V 500V, 600V, 650V, 600V, 1200V 600V, 1200V
- OptiMOS™ 800V, 900V g\c’)gvDrives
40V, 60V, 75V, 80V CoolMOS™ CP
. 500V, 600V RC-H
- OptiMOS™ 900V, 1100V, 1200V,
100V, 120V, 150V CoolMOS™ CFD 1350V, 1600V
: V,650V
- OptiMOS™ 600V.650 TRENCHSTOP™ 2
200V, 250V CoolMOS™ C6/E6 1200V
V ,650V .
- P-Channel 000V 650 Fast/Highspeed 2
- Small Signal 1200V
J - Highspeed 3
600V, 1200V

* Infineon SiC JFET is upcoming...

* Infineon provides Discretes well as Multi-Chip-Packaging solutions

Copyright © Infineon Technologies 2010. All rights reserved.



Infineon OptiMOS™ boost MPPT
tracker/Micro-inverter efficiency

B Lowest Rpgon) @and FOM against competitors

160
RDS(on)
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B Infineon ® Next Best Competitor
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CanPAK M SuperSO8 D2PAK-7 pin D2PAK
\356 30V BSB044NO8NN3 G | BSC047N0O8NS3 G| IPB019N0O8N3 G IPBO25N0O8N3 G IPPO28N0O8N3 G
A 4.4 mOhm 4,7mOhm 1.9mOhm 2.5mOhm 2.8mOhm
665“ BSB0O56N10NN3 G | BSCO60NO6NS3 G| IPB025N10N3 G IPBO27N10N3 G IPPO30N10N3 G
5.6mOhm 6.0mOhm 2.5mOhm 2.7mOhm 3.0mOhm
BSCO0O77N12NS3 G| IPB036N12N3 G IPBO38N12N3 G IPPO41N12N3 G
7.7mOhm 3.6mOhm 3.8mOhm 4,1mOhm
BSB150N15NZ3 G | BSC190N15NS3 G| IPB0O65N15N3 G IPBO72N15N3 G IPPO75N15N3 G
15mOhm 19mOhm 6.5mOhm 7.2mOhm 7.5mOhm
BSC320N20NS3 G IPB107N20N3 G IPP110N20N3 G
32mOhm 10.7mOhm 11.0mOhm
BSC600N25NS3 G IPB200N25N3 G IPP200N25N3 G
60mOhm 20.0mOhm 20.0mOhm

Set date

(infineon
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Package revolution for low voltage MOSFET (afineon.

D2PAK/TO220

DPAK

SO8

SuperS0O8

@ 5°°

Performance




OptiMOS™ jn SMD l|eadless package achieve
higher efficiency& less voltage overshoots

(infineon
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Efficiency comparison
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B Benefits of SMD leadless package (SuperSO8/S308)
[] Less parasitic inductances
[ Less space consumption

[1 Less voltage overshoots, better switching behavior

Tested in a 12V server power supply in the Sync Rec stage

L1 Higher system efficiency & power density




How to achieve highest efficiency?

CoolMOS or IGBT?

!
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1% efficiency gain is worth 600 € more pay back in 20 years life time,
Power semiconductor account for less than 0.5% of Solar installation !
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// Source: SMA test report
0 ‘fjr"“rﬂ.‘

0 1000 2000 2000 4000 5000 0000 7000 €000 a0
PAC [W]
Efficiency measurements on 8kw PV inverter. 1) Red curve:

Switch 1,2,3,4,5 are IGBT; 2) Blue curve: Switch 2, 4 and 5 are
CoolMOS CFD, Switch 1 and 3 are IGBT

Highest efficiency in photovoltaic system using CoolMOS!
CoolMOS vs IGBT: 8 kW photovoltaic DC/AC converter, 98.1% peak efficient
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The evolution on CoolMOS is never end w

| 47N60C3

Vds=600V
Rds=70mOhm

Vds=650V
Rds=80mOhm

| 6R070C6 65F6080

Vds=600V
Rds=83mOhm

Vds=600V
Rds=70mOhm

CoolMOS C6/CFD2 is the new generation
Super- Junction MOSFET

10.08.2011



CoolMOS™ C6 & CFD2 650V _
Inf
Latest generation SJ MOSFET (infineon_

CoolMOS™ C6 650V CoolMOS™ CFD2 650V

True 650V technology
enables open circuit voltage
of up to 600V

Best combination of efficiency
and ease-of-use

Reduction of capacitive losses vs
previous generation and
competitors

Proven CoolMOS™ quality since
1998

Large volume manufacturing in
two independent frontends &
backends

BIC device IPW60R037C6,
Rdson=37mOhm

First 650V technology with
integrated fast body diode on
the market

Very low voltage overshoot
during hard commutation

Lowest reverse recovery
charge of all inhouse and
competing technologies

Reduction of capacitive losses vs
previous generation and
competitors

Proven CoolMOS™ quality since
1998

BIC device IPW65R041CFD,
Rdson=41mOhm



CoolMOS C6 gate switching behavior
Under high conduction current

(infineon

a (" |1 €6 shows no gate spikes
- .../ T upto pulse currents
404 L o f  Pulsecurrent | beyond 2 times rated
: p— current
- 20A wmwﬁ I Nominal current :
QWM¥wrm :
C6
LI — . 1
[® 10 f“lldiv . 1nm B,.:500. ny ]‘ . . . — . [“l'm /'JA‘BV . ](15“51 zﬂ.ﬂFSls : IT; 1:Dns/ut‘ ]

Dynamical allowed value 0Tf gate voltage (30V)

o | Competitor part shows turn off
' gate spikes even below nominal
current.

I L ——
pylseﬂgﬁrrent

7

e
e .
Nominal current

::::::: A(ca)/ 216V 2.5ps  20.0GS/s IT 1.0ps/pt
MQ 8y:20,0M Run Sample
1acgs
Me: St Der C Info Man 06 Mai, 2009 15:46:14
0.8 .0 1.
5.2000001 0.0 1.0
680.00008m 0.0 1.0 C S
o R omp




How to cope with high switching frequency (mneon

CoolMQOS?

B Oscillation appears 20A turn off current

B Clean up to 50A turn off current with|a
ferrite bead

H Control dv/dt and di/dt by
proper selection of gate
resistor

B Minimize parasitic gate-drain
capacitance on board

B Use gate ferrite beads

B Locate gate drivers and gate
turn-off components as close
as possible to the gate

B Use symmetrical layout for
paralleling



But, a MOSFET with integrated fast body diode =
IS required in some design... Cafineon

Buck Isolation + Rectification DC/AC stage
- S8..9

S3 J_z S5

« el

s1 N ‘I—_ D2..5
o1 T S A A
ioH] | j& |

ke 4

szaL sS4 & S6..7

m ZVS topology

B S2..55 require the MOSFET has low reverse recovery charge Qrr and
robustness body diode for hard-commutation

B Reactive power operation

B S6,57 switches to hard commutation of body diodes

...Infineon has officially launched CoolMOS CFD2



CFD2 offers lowest reverse recovery charge Cinfineon
80 mOhm types at rated nominal current

i : er(UC)

3 : i

2.5

1.5

27uC for the corresponding C6

IPW65R080CFD SPW47N60CFD Competitor

10.02.2010
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Main differences between CFD and CFD2 @

CFD2 is a 650V class MOSFET (CFD is 600V)
Better light load efficiency due to reduced gate charge

u
u
B Softer commutation behavior and therefore better EMI behavior
u

CFD2 offers customers a new cost down roadmap

20 —— Ids_SPWA47N60CFD CED: fast switching of voltage
15 | ——ids_IPWE5RO80CFD W or current i.e. di/dt or dv/dt
(main causes of EMI)
'<—E'10
= 5 CED2: softer commutation
0 reduces this problem saving
customer time and money in
5 | ' ' designing in the part

0.25 0.3 0.35 04 0.45 0.5
time [us]




Infir
Voltage overshoot CFD2 vs. CFD vs. Competitionw

T=25°C; If=20A; Rg,d=5.6 Ohm; Ugs=13V

224V less overshoot with CFD2 for reliable systems

800 — SPW47N60CFD
676V — IPW65R080CFD
600 569V —Comp243A

0 100 200 300 400 500
t [ps]




Is IGBT still working at low switching —
Inf
frequency? e

Voltage |
(V)

Low

Frequency

1000 —+ Applications

MOSFET

cooking

300

Low 45 Medium 49 High 150 Ultra high

Switching frequency (kHz)

m High Speed IGBT was developed to brige the gap
between IGBT and mosfets in mid-high frequency hard-
switching applications

10.08.2011



New Highspeed 3 IGBT technology @
GO0V IGEBT 1200V [GBT

Trade-off diagram _
| In/2. Ti= 150°C Trade-off diagram 150°C
c=In/Z, )=
32 J 0.16 .
| | | W KW25T120
30 1= IKP15N60T 0.14
28 I ] SKB15NBOHS | 012
< 26 AN \\ | Al < 010 S
~ \ \ L) titor A -
?S. 24 N < Competitor A E 0.08 n impe! or 'CompetltorA
- 22 - — £ IKW25N120T2
= 20 - =T~ L 0.06 ~ === & Competitor A e SKW25N120
ﬁ ~. N g 'Kw25N120H3 @ - o i
18 ~ | E S 0.04 ¥ - ] Competitor B
\\‘,' L] \ High Speed 3
16 |'GV\{4ON_6_0H§_ 0.02 - ="
14 HighSpeed3 Competitor B - 0.00
I I I | | | 2 24 238 32 36 4 44
12
VCEsat/V

1.2 1.3 14 15 16 1.7 1.8 1.9 2.0 2.1 22 23 2.4
VCEsat / V

B Trench gate+ Field Stop offers superior trade-off
O Reduced switching losses for switching Frequencies above 20 kHz
O Soft switching behaviour

O Optimized diode for target applications



infir
New highspeed 3 IGBT switching behavior (infineon.

Elimination of tail current at high tfemperature...

Turn-off: H3 vs std IGBT3 Turn-off: H3 IGBT vs Coolmos C3
R,=11 Ohm,V =400V, T =150°C R =42 Ohm,V .,=400V, T =150°C

5 5
4 S R S —Uce ref N ES O SO S DU SO SO SRR
331, %30,4 R lc ref 34— I.=30A i CoolmosC3ii
2 3 = s ' | —Uce dut 2 ’. - i ' :

] - ; : V.. =400V . : : = :
1 +-High-Speed-3— - e | — lc dut High-Speed -3yt ﬁ\vce 400V
g - o e = O (e e
A Jo TOWIOREORS A e IKW3ON6OT - .y | IGWAONEOHS [ o SPW47N6OC3 -]
23 s =sUVe SR S B e Voesat = 1.6 V-] 21 Ew=057mi fau L e T4 Y R—
3 Eqp=034m] T Z >l i Eos=0.85m] -] PN R S S A o — A R A ]
4] e A Vi ; ; I B s - i
-5 3 — 51— = —t—

0 0.1 0.2 0.3 04 0.5 t[ps] 0.2 0.3 0.9 1 11 1.2 t[ps]
r; IKW30NGO T r; IGW40T6 r; SPWA7NEOC3 r; IGWA0T6

Vece 100v/div, NP -4 Ve 100Vidiv, NP -4
Ic 5A/div, NP -4
Vigs 10V/div, NP O Vgs 10V/div. NP 0 Vgs 10V/div, NP 0 Vgs 10V/div, NP 0

...for MOSFET -like switching behavior



Powerloss comparison e son
Simulation with IPOSIM™ L/

Inverter Loss (W)

1400 CoS 6 = cosd=1.0 3—phase
) 0.85 COoS ¢ = coso=1.0 i
cosp= cosp=10 0.8% ¢ inverter
0.85 03 Vbus=600V
120.0 19.3 . 10.3 e o Fsw=20kHz
switching _
12.7 12.7 7.7 0SSes Iload=40A
100.0 = Diode
O conduction
losses
80.0 Diode
H switching
losses
800 IGBT
O conduction
40.0 losses
IGBT
48.7 50.3
20.0 {194 298 427 46.9
0.0
*IKW4DN1 20H3 IKWA0N120T2 Best Competitor

® In comparison with the previous generation TrenchStop2, the HighSpeed 3
shows 30% reduction in switching losses and only 16% increase in conduction
losses.

B The HighSpeed 3 shows approx 10% lower losses than the best competitor,
setting benchmark performance.

2011/8/10



. infineon
Turn-off Waveform comparison (afineon.

IGBT Best competitor

3 Jramm— 751 [ ’;
‘ 1
'l% fi 1 il (s
! ‘ | { J : | L | =
e AR
& froa Jssetmi *:
= 3 = I 3
= Er— ‘ {4 F Hrmmm :
- Ic=5A § Vce=400V = g ¥ =
1 s ] PEs :
- : : 1 ¢M\;Wv £ i : | : ] = — ; bN‘» L]
\ sz M\mk Vge=+15/0V ] ey o 3 T :
) Ed = ) LV AVAVIV VS P
G = ™ ] E
(Cez)100mv/ 1MQ By:500M (zica) 5.0V ACca) /312w 5.0ps 5.0GS/s  200psipt (ez) 100 Q By:500 @eD) ACea S 312v 5.0p:
@s.nv/du By: @100 RRRRRRRRR @5.nv Q By:50¢ @ RRRRRRRRR
(s 100v/d 3 (Cca)100 ima §ysoow L |526acqs
(zicz) 100mV Au (z1c2) 100 s 500n Au

B Smooth switching waveforms
® Low dV/dt and dI/dt for reduced EMI

8/10/2011



Infineon’s High Speed 3 IGBT Portfolio infineon
600V and 1200V Product Family L/

Continuous
collector
current 4
atT=100° C

15A

20A IGB20N60OH3* IGP20N60H3 \/
25A

IGP15N120H3

IGP25N120H3
30A IGB30N6OH3*  IGP30N60H3 v

40A IGWA40ONGOH3 IGP40N120H3
50A IGW50NG0H3

Single IGBT

15A IKW15N120H3 \/

20A IKB20N6OH3*  IKP20NGOH3* IKW20N60H3 v
25A IKW25N120H3

30A IKB30N6OH3*  IKP20NGOH3* IKW30NB6OH3

40A IKWA4ONBOH3 v IKWAON120H3
50A IKW50NB0H3

75A IKW75N60H3*

DuoPack ™

\/ Devices are fully released! * Engineering samples October 2010

8/10/2011



TrenchStop IGBT for PV inverter

with low switching frequency,e.g. 50Hz

OOV IGBT

Continuous
collector

current

at T .=100°
= 20A
§ 30A
& 50A
=
A 75A

TO-247

IKW20N60T
IKW30N60T
IKW50NG60T

IKW75N60T

(infineon

1200V G317

Continuous

collector
current

at T¢=100° C

DuoPack™

15A
25A
40A

IKW15N120T2
IKW25N120T2
IKW40N120T2




SiC diode feature fast forward conduction (iﬁeon
Reduce the Maximum Vg Stress of Power MOSFET!

Vps Spike up to 600 V with extremely Very low Vds spike

o with SiC Schottky diode
fast switching boost MOSFET and y
competitors tandem diode /
High lossgs and EMI groblems _ A
L " VgS Due to upipolar natyire of shottky,
I.-"“-"a"'. e B i b | No need for forward recorver
Vds \ time to get copductive
ya\ F,M..W

_Vgs

bl Al

ﬁwﬁﬁww- Improved gate waveform
| |
Using competitor tandem diode Using SiC Schottky diode

B Replacement of diode allows spike reduction of more than 100 V

® Full switching speed range of boost MOSFET useable for highest efficiency

8/10/2011



Zero reverse recovery charge only with unipolar (infineon
devices... SiC Schottky diode

T=125°C, Up=400V
lk=6A, di/dt=200A/ps

I [A]

R S S S 4 SiC Schottky diode: 6A, 600V
| Si-pn Tandem diode 8A, 600V
Standard Ultrafast 5A, 600V pn-diode

0.05 0.1 0.15 0.2 0.25 0.3
Time [us]

Not possible with Si technology at 600 V rating...
...therefore SIC Schottky diode concept required!



Switching loss of SiC keep constant vs

Clinfir
Io,Rg and Tc e
200

0 200 400 600 800 1000
di/dt (A/us)

Advantages of your design - > switching loss does not change with
1) Load condition

2) Switching speed of MOSFET

3) Temperature.



SiC and Energy Efficiency Improvement

Efficiency [%0]

95.0

94.5

94.0

93.5
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92.5
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91.0

Infineon
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fi’FC pre-regulator

; Be@ost converter
Jw 0 0 0O @)

{H

60

oo U

Performaace.camyparison between SiC and Si on

Boost converter System Ievel
Example: PFC stage, full load, low line



infi
Infineon SiC diode package (nfineon

TO220 real 2pin TO247HC DPAK(TO252)
M average creepage m package pin mSMD
distance 3.63mm dimensions compatible
to TO3P TO247 W Best for high power
density,compact
®m high creepage / air design

distance of 6.35 /
3.6mm at pins




Improved switching loss
Reduction of device capacitances

35

S

O

&30 -

N
(5]

2G
H3G

= N
an O

-
o

Total capacitive charge

o o

Diode current ratmg (A)

(infineon

B 3G SiC offers ever lowest Qc(Qrr) per given current rating in

the market

m Enable higher switching frequency

B Enable smaller form-factor design

B Attain higher efficiency at light load



Improved thermal performance —
Inf
Reduction of thermal resistance junction to casew

7 & 2G 25 T bstrate

i & 23 + Leadfame
S 24— H Solder
2 i
O 5 — = %
7 I / £1.5 +—— Py B
— (@]
e =
s 3 i / £ 1 |

vV e i
2 N >
N 0.5
il H
0 \ ‘ ‘ . ‘
3 6 8 12 2G 8A 3G 8A
Diode current rating (A) 8A SiC diode

® Thin soldering technique reduces
dramatically solder contribution to RthJC

B Thermal margin (Tcase) in your design
may be improved.
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SiC Diode for solar inverter
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Package Voltage P/N I Qc
IDD03SG60C 30A 3.2nC
DPAK(TO-252) IDD04SG60C 4.0 A 4.5nC
IDD0O5SG60C 50A 6.0nC
500V IDD06SG60C 6.0A 8.0nC
IDD08SG60C 80A 12.0nC
IDD09SG60C 9.0A 15.0nC
IDD10SG60C 10.0A 16.0 nC
IDD12SG60C 12.0A 19.0nC
IDHO3SG60C 30A 3.2nC
IDHO5SG60C 50A 6.0nC
600V IDHO6SG60C 6.0A 8.0nC
IDHO8SG60C 8.0A 12.0nC
IDHO9SG60C 9.0A 15.0nC
IDH10SG60C 10.0A 16.0 nC
IDH12SG60C 12.0A 19.0nC
IDH02S5G120 2.0A 7.2nC
IDH05S120 50A 18.0nC
1200V IDH08S120 75A 27.0nC
IDH10S120 10.0A 36.0nC
IDH15S120 15.0A 54.0nC
TO247HC
IDY10S120 10 A 36 nC
1200V
IDY15S120 15A 54 nC
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Summary

B Microinverter, String and multi string inverters use specific,
often customer IP protected topologies

B OptiMOS, CoolMOS, IGBT and SiC Schottky barrier diodes will
boost system efficiency and provide more flexibility to designer.
Infineon can serve all applications.

O CoolMOS (500V~900V)

- www.infineon.com/CoolMOS
O OptiMOS (25V~250V)

- www.infineon.com/OptiMOS
OIGBT

- www.infineon.com/IGBT
[0 SiC diode (600V/1200V)

- www.infineon.com/SiC
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