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DC Distribution in Offshore Windfarms
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=» Windfarm diagram with DC collector
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DC Distribution in Offshore Windfarms

=» DC advantages

2 No reactive power
2 Flexibility for interconnexion

2> 2 conductors instead of 3
=» DC grid collector setup with power electronic converters

2 No low frequency transformers
2 No AC Collector substation
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Windturbines DC collector

Windturbines AC Collector Rectifier
platform + DC link

+AC transformer
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Converter

. PR
=» Diagram =z o0
> |IPOS (Input Parallel, Output Series) Ei& AN
2 6 Medium frequency transformers Z‘@ DCf—
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DC DC— 50|(V

=» Overview Hé@ ACN—
> 12 inverters (60cmx60cmx20cm) ‘ iDiZC{&ADC:
> 6 power modules per inverter (72 total) — = |

2 Water Cooling 4kvi Iz A\—
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Converter

=» Power Module
Enclosure / case

Terminals
Encapsulant
Wire bonding
Die (SiC MOSFET)
Metallized substrate
‘ Baseplate

* Solder Layers

D1 = 1 switch=1
[ 1
e or more dies
m%"JL___: in parallel
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o 51,02
//—__ H o 74 : .
- Infineon XHP3
/PaCkag/
SuperGrid
Institute

Thermal Management Optimization of a 5 MW Power Electronic Converter - Hugo REYNES - Ph.D Student  02/02/2017 6



Converter

=» Power Module
Enclosure / case

Terminals
Encapsulant
Wire bonding
Die
Metallized substrate
‘ Baseplate

* Solder Layers
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Converter

=» Power Module
Enclosure / case

Terminals
Encapsulant
Wire bonding
Die
Metallized substrate
‘ Baseplate

* Solder Layers

Die Electronic Switch 4H-SiC 0.4 270
Metallized Interconnexion / Isolation / Copper 0.3 400
Substrate Heat path Ceramic (AIN) 0.635~1 150
Copper 0.3 400
Baseplate Mechanical support / Heat AISiC 4 200
path
Solder Layers Substrate Attach Solder Alloy 0.1 35
Die attach (classical) Solder Alloy 0.05 35
Die attach (advanced Ag Sintered 0.05 200
fﬂ/_wmbly
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Converter

=» Die Ry, junction to case (isothermal backside)

* « Unlimited » heat spreading ¢ No heat spreading * Reasonable distances
*  Optimized assembly, (dies touching each other) between dies
thinnest layers possible * Typical layer thicknesses * Typical layer thicknesses
e _ ——
B 48232090 e
Ry,=0.13 °C/W Ry,=0.88 °C/W Ry,=0.42 °C/W
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Converter

=?» Die R;;, junction to ambient

=» Isothermal Backside =» Heat Transfer Coefficient
2 Simulation with actual geometry 2> Closer to actual cooling system
behavior

2 Simulation with actual geometry

)
§

Tc =70°C .
> Rypjc=0.42°C/W chz 100 °C > CFD C.Ialculatlons from the LCP
P=72W Supplier
Tj,max _ TC Rth,j—amb =0.63 C/W
Ry = P
. T;-T,
thj—A — P
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Converter

=?» Die R;;, junction to ambient

2 Temperature distribution:
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Thermal behavior of SiC MOSFETs

=» Thermal modelisation: SiC MOSFET

2 Hypothesis:
® The main contribution to the On-resistance is the drift region
® The switching losses are not considered in this model

Maosiat 3.3 KV, 40mDhms

Source Gate
(1) = 1140
Rs (_j I b
W
R T;) = R
orirr.sp(T)) q X Np X 1,(T;) o Rire
1
Rarift o
Ron(Tj) = Ron,300K X i { : ; : ; : |
Drain 6 RD -50 a 50 % [g::l;c} 15 200 250

2> The theoretical model is close to the datasheet Ron(Tj) characteristic
(coefficient of determination R>=0,995)
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Thermal behavior of SiC MOSFETs

=» Thermal runaway:

> Power dissipated by the SiC MOSFET Pa

Pon(Tj) = Ron(Tj) X I

Tj @ 2
=R X (—) X I
on, 300K 300

Device
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Thermal behavior of SiC MOSFETs

=» Thermal runaway:

> Power dissipated by the SiC MOSFET

Pon(Tj) = Ron(Tj) X I

Tj @ 2
=R X (—) X I
on, 300K 300

> Heat flow through the cooling system

Ti—Tg
P (T;) = -2
th( ]) Rin
SuperGrid
Institute

Cooling system

Device
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Thermal behavior of SiC MOSFETs

=» Thermal runaway:

> Power dissipated by the SiC MOSFET

Pa
— 2
PO"(TJ') a RO"(TJ') x1 o Thermal run-away
— J 2
= Ron,300k X (%) X1 Point of no return
—~
> Heat flow through the cooling system @ Device
_ Cooling system
_Tj—Tq
Pth(Y}) - R¢n
Stable steady-
> Steady-state conditions: T state »_I_
5U(T;) = Pon(Ty) — Pun(T) = 0 A
60U =0 - Stable steady — state
oU >0- Device Heating
oU<0- Device Cooling
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Thermal behavior of SiC MOSFETs

=» Thermal runaway:

PA PA PA

7.

T, T T, T T To T T

Y
Y

Stable Unstable Stable to Unstable
with ambient
temperature

increasing

60U =0 - Stable steady — state
oU >0- Device Heating
oU<0- Device Cooling
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Thermal behavior of SiC MOSFETs
=» Paralleling of the MOSFETSs

2 Required to increase the current rating of the module
Ron,die
Ndies
2> Thermal balancing
® Positive heat coefficient

® Ron,Module -

l, l, I

V a C

e V=V, =V, =V. =constant
e [ =1+ 1, + 1, = constant
If Ry Tthenl, 1 L L
Ifl, Lthenl, TandI. 1
>T]T:>R0nT:>Idle lﬁpdwlﬁTll
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Thermal behavior of SiC MOSFETs

=» Paralleling the MOSFETSs

® I|deal case: Ry, 4 = 0,13 °C/W

T; Calculation for 2 dies ignoring the R, (T;) variations:

Ron = 40 mQ
Imodute = 200 A = Ige === =100 A

2
Piie = Iﬁie X Ron (2;;0) X 0.04 =400W
AT = Pgije X Rep = 52°C

Juction Tamparatura vs Switch Gurrart

250

Tj max

Junction Tamparature {dagC)

/’/—__ l

Thermal
Runaway

e

Q 100 200
Cumeart (A)

o
SuperGrid

Institute

Thermal Management Optimization of a 5 MW Power Electronic Converter - Hugo REYNES - Ph.D Student

02/02/2017 18



Thermal behavior of SiC MOSFETs

=% Pa ra"e"ng the MOSFETs T, Calculation for 5 dies ignoring the R, (T;) variations:

R,, = 40 mQ

200
Imodute = 200 A = Ig;e =

5
2

Paie = 131 X Ron = (522) X 0.04 = 64 W

AT = Py, X Ry, = 44°C

® Realistic case: Ry, 4 = 0,69 °C/W =404

Juctian Temparatura ve Switch Currart
250

' [ ResliticCase |

Tj max

200

Junctian Tamparature (dagl)

S
—
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Thermal behavior of SiC MOSFETs

=% Pa ra"e"ng the MOSFETs T, Calculation for 8 dies ignoring the R, (T;) variations:

Ron = 40 mQ
Imodute = 200 A= Ig;e === =25 A

® Worst case: Ry, 4. = 0,88 °C/W o2
Paie = 1210 X Rop = (?) x 0.04 = 25 W
AT = Py, X Ry, = 22°C

Juction Tamparatura vs Switch Gurrart

Tj max

Junction Tamparature {dagC)

-
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Economic Analysis
=» Parameters

% 3300V 40mQ die, engineering sample
® 330% per unit (Source: PowerAmerica)

s 3300V 40mQ die, volume production
® 140% per unit (Source: CREE commercial roadmap)

*+ Wind electricity price
® 13 c€/kWh for the 1st 10 years
® 3 c€/kWh after

2 Trade-off:

® More dies in parallel: Lower losses, more electricity produced but higher
invesment

® Fewer dies in parallel: More losses but lower invesment

2 Increasing the cooling performances is equivalent to increase die count
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Economic Analysis

COST-BENEFIT ANALYSIS (ca pltallzed cost of energy: 13c€/kWh 1st 10 years 3c€/kWh after)

| = forecasted cost threshold
60 +10years .

| =20 years
| =-30years Rin =0.5 °C/W/

(&)}
o

economical impact [k€]

-
o

3—-4 4-5 5-6 67 7-8 8—-9 9-10

change in number of dies per MOSFET switch [units]
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Conclusions

=» SiC Dies can operate at high (>150°C) junction temperature but
<100°C is preferable for better efficiency

=» Actual number of dies to be used is a trade-off between number
of dies and energy savings

=» Better cooling allows for fewer dies to be used.
> We're interested in more efficient cooling techniques!
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