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SRA —@HOER (X:R)

BHOEES EDMRERA, WHY—hDERIFZC IHSERMMICIKREEH UIcbD,

& | BRX FEX

0001 | KEFEFRERT UNITED STATES PATENT AND TRADEMARK OFFICE

0002 | HFE#ES 16/189,089 Application No. 16/189,089

0003 | JrmikiEit Non-Final Rejection

0004 | FBIR TS DETAILED ACTION

0005 | AIAKETRIE o iFAIATEITERDOHFETH 2 2 & DBEH Notice of Pre-AIA or AIA Status

0006 | AHFEIF2013FE3A16BLEICHESINILEDTH D, AIADEFKBEHEILFEERDEEIC | The present application, filed on or after March 16, 2013, is being examined under the
HEOWTEEINTWS, first inventor to file provisions of the AIA.

0007 | FBERIEDIRR Status of Claims

0008 | AEFETIEFEKRIET~10DMREHRTH %, Claims 1-10 are pending in the application.

0009 | KEWFFEFE102FKICED K EREDIER Claim Rejections - 35 USC § 102

0010 | UTiEF. ATIERICEVWTZDFICEDWTRINDIEMOIRILE 752 KERFFASE 102% | The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the
DEYETBEDS|IHATH S ! basis for the rejections under this section made in this Office action:

0011 | ROBEZERE. AADRFHTZZTIENEE TS, (1) JL—LSNFKBEMN, UL —L | Aperson shall be entitled to a patent unless — (1) the claimed invention was patented,
SNERBOEMEEHRIIC. FFIhTuwieh, FIFFIcEsisnTunieh, AAEMS | described in a printed publication, or in public use, on sale, or otherwise available to the
n. RWEEN. XIFZOMDAETARICHIATE E B> TWeHER. public before the effective filing date of the claimed invention.

0012 | FEKIE1 KR UV7IE. kk-electronic (EP 2568268 Al. LT TRefl; &W3) (C& DF#RM | Claims 1 and 7 are rejected under 35 U.S.C. 102(a)(1) as being anticipated by kk-
Mz (FHEN D) & LT KERFFFEE1025(a) (1) ICEDEERSI NS, electronic (EP 2568268 A1, hereinafter "Refl1").
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0013

FERETICEUL. Reflid, BATMEE (U —H¥ERKEZHADBNEHRE. %
[0002] % T'[0038]) TH>T. HEANmHF. FlHFROE2HFEEC/NT—rI VY
A% (IGBTRA v F. BE[0011]%U[0041]) &. BIRHEIANGFZRET D R Z /N
T —=7I\A Rz HHF 55—k F S+ 70 BE[0034] % [0045]) &. BEHTEEZ
BUHMEERE CREEET N ZRITIBFHEI= Y b23. KE[0063]) &. AIEL/NNT—K 3
VIRI DA VEEPICHFEEBEZRHET 2BERBEE (7/\1 AOEERICEERET
VeeZz &9 B RIEEEKG,. BE[0044]. [0045]%U0050]) &ZfwA. HIRCREHEESD
A BihHFEEECHFEERCEGREE L ORBEBERE FTORRF L. AIREGTNERE
ZHET S (RECBREBEECZBRITEF Y TREETIL. BE[0010]%V[0047])
KBEZHRRLTWS,

Regarding claim 1, Refl discloses a power conversion device (power converter
comprising a power semiconductor device, paragraphs [0002] and [0038]) comprising: a
power transistor including a control input terminal, a first terminal, and a second terminal
(IGBT switch, paragraphs [0011] and [0041]); a driver that drives the control input
terminal (gate drive which controls the power device, paragraphs [0034] and [0045]); a
control device including a temperature estimation unit (calculation unit 23 executing the
temperature model, paragraph [0063]); and a voltage detection circuit that detects an
inter-terminal voltage during an on-period of the power transistor (measuring circuit 6
detecting the voltage drop Vce while the device conducts, paragraphs [0044], [0045] and
[0050]), wherein the temperature estimation unit previously holds correlation information
between the inter-terminal voltage, the inter-terminal current and a junction temperature
and estimates the junction temperature (chip temperature model relating the temperature,

the current and the voltage, paragraphs [0010] and [0047]).

0014

BRIE7ICBEUL, Reflid, BKRIEICHRZEETH > T, FIcEERHBEIEHI. BiZE/NT—
NS> IRYDRIEEA VHIBRICRIKHEFEREEE Y Y U VI 95 (PWMEEICEWT
2y FOEBHBAIC, EREREFICVeceMAIESI N5, EBE[0050]) EEZFHRLTWL
o

Regarding claim 7, Ref1 discloses the device according to claim 1, wherein the voltage
detection circuit samples the inter-terminal voltage during the on-period of the power
transistor (the Vce is measured during the conduction period of the switch in PWM

operation, at the same time as the current, paragraph [0050]).

0015

KERFEFE103RICED S HERIEDIEH

Claim Rejections - 35 USC § 103

0016

UTiE. AFESICEVWTRINZEREICED < IR TOIEMROIRIL & 13 2 KE SRS
103%&D35|HATH S :

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

0017

JL—LSINEEBEIAFEI2EKICRET D E B EA—ICIFRARINTVWEREWE LTS, 7
L—ASNERBEETEMEDOEEN. 7L —ASNEEKAN2AELT. JL—LZN
FeHBAOBEMEERRIC. 20V L—ASINEKEINBT 2RO FICEVWTEEDM#ES
BI2EHICE>TERETH > EDIBREDTHZBEICIE. JL—LZNEEBICDODWTH
HFaZIF2Z ENTERWN, FFEFEIF. BBEANBRINEBRICL >TEESINAWL,

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between
the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious before the effective filing date of the claimed invention to a
person having ordinary skill in the art to which the claimed invention pertains.

Patentability shall not be negated by the manner in which the invention was made.

0018

BRIE2(F. Ixys (US 5,500,616 A, BT TRef2) &W3) IS LTReflIcxt UTHEF
ZRFBIENTERVNE LT, KERFFES103RICEDEERE NS,

Claim 2 is rejected under 35 U.S.C. 103 as being unpatentable over Refl in view of Ixys
(US 5,500,616 A, hereinafter "Ref2").
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0019 | FEXKIE2ICEA L. Reflid, BXRETICHRZEE (LEESR) ZRARLTWSH, EEHIREE | Regarding claim 2, Refl discloses the device according to claim 1 (see above), but does
ZHATHICIIFARLTWERW, Ref2ld, FEEEMREBERICHMENZ2EEZHIRYT 28ZE | not explicitly disclose a voltage limiter. Ref2 discloses an overvoltage clamp that limits
EV S 7zBRLTWS (B2I8E15~401T), 7L —LSNIcHKBOBEBREEBIC. the voltage applied to a desaturation detection circuit (col. 2, lines 15-40). It would have
HEEICE T ATy TFlimDEHEENSAIELKZRET H/cic. Ref2Z00 527 been obvious to one of ordinary skill in the art before the effective filing date of the
ZRef 1 DEBICKITD I LIFBHETH > TH S S, claimed invention to provide the clamp of Ref2 in the device of Ref1 in order to protect

the measuring circuit from the high voltage across the switch.

0020 | FnoJojfpern 88 Allowable Subject Matter

0021 | FEKIE3I~6KRU8~10(F, I N/ERELZFKREICRBEL WS E LTEBINS Claims 3-6 and 8-10 are objected to as being dependent upon a rejected base claim, but
M BEREEBDIFRERONET D2INTOBFREDOREFHEZ INTEOTHIZFATE | would be allowable if rewritten in independent form including all of the limitations of the
EBEHIEFTIAREE D TH S S, base claim and any intervening claims.

0022 | #&sm Conclusion

0023 | ZOBHAX IFFNLURIOBICE T 2HEEEIE. [BEER] (BFEES [EFEES]) S TIC | Any inquiry concerning this communication or earlier communications from the examiner
T52&, should be directed to [examiner name], whose telephone number is [telephone number].

SRA Z5IAXXEOZAERE (FIR)

BEENE U BER T ZRE,

Refl EP2568268A1 kk-electronic
R R R
[0002] | /X7 —¥BHFEEE (., /NT—T/\1 B EN, BEMIPBFICEWTAFTH D, /CT— | Power semiconductor devices, also known as power devices, are known in the art and

ILZbAZIRARICEVWTRAT Yy FRIIERERE UTERINS, BAOY—E Y T,
RO —$EEREBZAVWTCREREZRBICERIT 22N TES, —PORHNY—EVT
&, (EFEREBEZRZ D) EHERBIRFENOEHORNZFHIET 2,

used as switches or rectifiers in power electronic circuits. In wind turbines, power
semiconductor devices can be used to connect the generator with the grid. In some
wind turbines power converters (comprising semiconductor devices) controls the power

flow to the grid.
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[0038]

—EBEETIE. BAY—EVHIESZTAR, N7 —FEEEBEHZ 5B NEIRERICE
EAREICE S N, BIEY AT AR BEBARBRFICEFAIREICERS S, FRLU I
BAY—EVHIEY XA T LASERES AT LAICBERRICERS NS, BEHEBBROF v
DEREZHEITZDAT VT, BICRESNTWBIRAANY —EVEHIEIY AT LAZRAWTET
IBIEILED. FYTREZHET DFREFIDMBNT—TN\A RzRNT—E>
ICRETZHREUNT, FYTOREZHEY 2 EZHALAETcHDIAXNNTN S,

In an embodiment, the wind turbine control system is operationally connected to a
power converter, comprising the power semiconductor device and where the liquid
system is operationally connected to the power converter. Preferably, the wind turbine
control system is operationally connected to the liquid system. Using the already
installed wind turbine control system to perform the steps for estimating the
temperature of a chip in a power converter, lowers the cost for the incorporation of the
method for estimating the temperature, of a chip compared to installing a new power

device having means for estimating the chip temperature in the wind turbine.

[0011]

N —¥FHEEEF, NT—YYAVFTIA—REULLRBRIETARIAA—RDL S
1A —NK, Xl&. MOSFET. IGBT. GTO. IGCT. 1 URXTEHE UL ERILTA TR Y F
DESBRAYFETZIENTES,

The power semiconductor device can be a diode, such as a power silicon or silicon
carbide diode, or a switch, such as a MOSFET, IGBT, GTO, IGCT, thyristor or a silicon

carbide switch.

[0041]

A A—RPIGBTRA Y FDLSH/INT—FINA ADEELTWVNB EE, FTEERHIM
N KCRT &S ICBROMIKICEERTHIEL D, ZOBERETIE. EREDOMED
BEBTE, FEBEF v TREOPNESOMIHGDOEERET SICHTEIENTE S, B
& T NRN— Ry T 27704V, FyTRAROMEZOED (FIZIESIXIE
SiC) ILFEHET %, BH. PNESIFEOREREZE L. BRI EORERKZE L.
CHNICEDR2ICTRILSBRBEERTIEEE RS, caTik. B (1) &EBEET &DBR
D—PERZIENTE D, VeeldR1T Y FOBERTTH D, VAIEF1 A —RKDOBEET
THD. K2OTZT3FINT—T /KA ZAMNEZ TN EEDREFEERL. 75 741F/8T7—
TINAZADBE>TVWB EZDEFRZERT, hidk, NT—FNRA IANEREEBLTWD
EEICEUZBELRENGZ L. EREEERTEORRIE(T 2 EEEKT D,

When a power device, such as a diode or an IGBT switch, is in operation, current flows
through it and a voltage drop is generated across the component as shown in fig 1. The
voltage drop can be divided into a voltage drop across a resistive part and a voltage
drop across the PN junction inside the semiconductor chip. Resistance lies in terminals,
busbars, bonding wires, chip surface and in the material itself (e.g. Si or SiC). Normally
the PN junction has a negative temperature coefficient, while the resistive part has a
positive temperature coefficient, which leads to a voltage drop characteristic as shown
in fig 2. Here an example of a relation between the current (I) and voltage drop can be
seen. Vce is the voltage drop over a switch and Vd is the voltage drop over a diode.
Fig. 2, graph 3 shows the relation when the power device is cold and graph 4 shows the
relation when the power device is warm. This means that when the temperature rises,
which occurs when the power device is conducting current, the relationship between

the current and the voltage drop alter.
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[0034]

FEUL I, REBE, NT—FEEREBOLHODDBRLLEHIDDTF—MNRSATE2ES
iz, BEZHETZFRIGIT—MRTATICHEESI NG, NT—EV21—)LIET5—KrR
A TERBEETZARENREE WD, ZOESIBT—FRZ1TiE. ¥'— MR

B, Ay FE—RER. HILNZy 7/ PXIELRILY T NENULTI AT LES]
HI21VyT7—A, Ya2— M —FERY/XITBERRE. 21— bIIL—%HIE
UBINTY RIAMLZERT DOV Y I EBAZDIENTE S, MERKOIRNETIFS
feoic, AEEEIE. X1y FE—RBRERY/XIEVRATLAZFIETZ1 5 71 —AD—
BOES%. T—MRIATOWMRO—PEFERIT D ENTE D, I5IC. BEREIFIE
BIMRENRE UTHERT BRI ENTE, NU—FEJ21—ILZBERDLSRETEIENT
=5,

Preferably, the apparatus further comprises at least one gate drive for the power
semiconductor device, wherein the means to measure the voltage is integrated in the
gate drive. As a power module will most likely need a gate drive, such a gate drive can
comprise; a gate controlling circuit, a switch mode power supply, an interface to control
the system through a galvanic isolated barrier or level shift, a shoot through and/or
overcurrent protection, a logic to prevent shoot through and minimum dead time
generation. To lower the cost of the measuring circuit it can use some of the
components of the gate drive, such as the switch mode power supply and/or parts of
interface to control the system. Further, the voltage measurement can be used as a

desaturation protection circuit and protect the power module against overcurrent.

[0045]

KT —=FI\A ADTHDEEETZRET D 2 &L IFRELRIBENH D, BELRS, NT—F
INA ZHNERT LT WS & E /T —F/\1 ADMIRICH N BKVOFEEDEEZEBLTWS
Bic. mMVOEEOZELERE U GRTNIERSBVWHASTH S, BIERBRO—FIEZXIICE
B5ZEMNTES, 22T} CAELEEGIE. SBE - BENOXERIMYFT7. ZOHE
& (IGBT®HAA—RDL>5R) /NT—F/)\1 R%2F T ZHBNRIDMIKEDEEE % I
WrcE2BERMEN VYIRS (FET) &, 7+O7 - TIYHILEHRS (ADC) 8&%fBA
%, FET 7hFA > D & =, ADC SIFREEIRIDMIHD. Ufeht> T/INT—F/\ X DFiH
DEEBETZRHETZIENTES, 5. NT—FTN\A A ZHHIT 25—~ RKRZ1TH
REINTWD, THIFYUEZICATTHD., U EFBELEW,

Detecting the voltage drop over the power device can be challenging, because changes
in the mV range must be detected while the power device is conducting voltage in the
kV range, which is across the power device when it is blocking. An example of a
measuring circuit can be seen in fig. 3. Here a measuring circuit 6 comprises a high
voltage, low power semiconductor switch 7, in this case a field-effect transistor (FET)
which can block the high voltage across the test object 9 with a power device (such as
an IGBT or a diode) and an Analog to Digital Converter (ADC) 8. When the FET 7 is
on, the ADC 8 can detect the voltage drop across the test object 9 and thus across
power device. Further, there is shown a gate drive which controls the power device.
This is known to the skilled person and will not be described further.

[0063]

FEULLRY7O70€ Yy Y XRIGEEETILEERTARERZOMD T — Y UBFERERKZ
BEHEI=Z Y R230 RWTHET -4 EFITRD, ZNRICEDWTF Y IBEEHELT
HEW, STEIZ Y F23EFEBRBFFHEHO—ITH>TH LW, FYTREF. RVWTEIHR
BEE AT ARY/IEEAY—EY Oy NO—Z24ITmZE SN, FEFE/NT—F/\1 R
9. 9HbDERENY—EYOERBENIFENY —EYDZDOMOIAOFEICHVNSNITS
Eq A

A calculation unit 23 which preferably comprise a microprocessor or other means for
processing data capable of execute the temperature model may then receive the
measured data and based hereon estimates the chip temperature. the calculation unit 23
may be part of the converter control. The chip temperature may then be communicated
to the converter control system and/or wind turbine controller 24 and used in the
control the semiconductor power device 9 i.e. the converter of the wind turbine or other

parts of the wind turbine.

[0044]

Vee X 2 iEVdIZ/INT —F7 /N1 ADFEFRITRET D2 ENTE, LI > TNT—F/\1 R
DEMEFRICF Y TDBEXHET DI ENTE D,

The Vce or Vd can be measured during operation of the power device and therefore the

temperature of the chip can be estimated during operation of the power device.
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[0050] | Fv7BE BIZAILEENLGTF Y BE) 2HET 5. FIZIEKIICRT VY ATAICE | In order to estimate the chip temperature (e.g. the transient chip temperature), for
WT, BEO/NLARERE (PWM) BfERICVeeXIFVADRIEE N2, BMEVRATLD example in the system shown in fig. 3, the Vce or Vd is measured during normal Pulse
FET 7I33EBICERTH B2, BIEERKIE. R v FOEBHARAFIERSN. &EEIR | Width Modulated (PWM) operation. Since the measure system FET 7 is very fast, the
ETRIATETBIENTES, MoICIE. PWM/INY —VIC&ET 2IGBTOMIGDEE measuring circuit can be connected during the conduction period of the switch, while
(Veem7'5714) cRUIGBTZiNSER (V'7715) O—BFIHNRINTWS, "1k being off in a high voltage state. On fig 6 an example of voltage across an IGBT (Vce
V—2ld. VceBENEWEE (IGBTAAT7DEE) EUTEHEND, ThE5DY—>T graph 14) and current through the same IGBT (graph 15) in a PWM pattern is shown.
& AERBOFETSA 7 TRINER SRV, IGBTABRZEBL TWSLERENDT The "illegal" zones are defined when the Vce voltage is high (IGBT is off). In these
b, VeeDREZITS ZENTE D, RIBICTIE L TRIL SIS, VeekIGBTZ N S Bl zones the FET of the measuring circuit must also be off. Whenever the IGBT is
DHAZFFICAET S ENBRTH S, conducting current, a Vce measurement may be made. It is important that both the Vce
and current through the IGBT is measured at the same time, shown as T1 in fig 6.
[0010] | FYv7TREETIVE. FyTRELEREEEE OBERZERXIGTHMT 5. CDETIL The chip temperature model describes or evaluates the relationship between the chip

i RE. ERRVEEDEZERDITZHIC. ERET DI ENTESZ/NTX—FZH
W2, TOETIIE. —BITRERETZIENTE. ZOHE/INTA—FF. BE. BR
XZBEEDED S EMD2DDENDIN > TVWBEZICIDDEZGFETEDLIICTZE
HTHd, BIOBITIE. ETIVEBERNICEDS LA TESZ AV E2—F OV ILT
HDH. TOHFE/NTAX—FF, BTICAVWSNZER. RERH. ROEE. ERKXV/X
FEEDEDHEDBIREHEIL TE D L SICRDRIICHEILT DHELH B ZDMOEHD NG
nNTH&W, NIA=FF, —BFITRIDDINZIA—YDHEERIT I ENH D EBEIND
NETH %,

temperature, current and voltage. The model uses parameters, which can be constants,
in order to relate the values of the temperature, current and voltage. The model can, in
one example, be a mathematical formula, where the parameters are constants making it
possible to calculate one of the values of temperature, current or voltage when the two
other values are known. In another example the model is a computer program, which
can be based on numerical analysis; in this case the parameters can be both the
constants used in the analysis, the number if iterations and any other requirement which
needs to be established before the relationship between the values of the temperature,
current and/or voltage can be established. It should be understood, that parameters can

in an example refer to only one parameter.
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[0047]

AEBEOHEERTS ZHICKIDAELEIHANSNDHEE., Fv RBEET/IN 2RI
FTEI2RENH D, COETIVE. BEELEREBREEDEFRZRRT 5, ZOETILIFEIE
EFINET B ENTE, ZOBRIBBFED/INT—TN\A ADEEZFHTMT 22 &ic &
DRESIND, ZOFETMIE. BEDBEICODWIEREBEEZMNET DT BE
NTEZ, £592¢. BELEROAEICEDVWTEEERET B ENTREERD LD
IC. ETIDINGA—S ML T D ENAREICHE D, ETILROCETILDI/INT A =5 D
AZIhdE, FNEAVWTEREZHETZIENTES, ETINIC->TTAY T LS N,
M3DBEREEBETZVr7O07O0tv Y BAIKERBI NS v/ O070¢
YHYNETINDNTA—F ZREILUIGRICETNEBRDES, IhdfThhd s, /XT—F
INA ZDFERICTIONCBEEEERDBAEICEDVWTF Y TREZHET D2 ENAREIC
PANE

If the measuring circuit fig. 3 is used to perform the method of the invention, a chip
temperature model needs to be established. The model describes the relationship
between the voltage, current and the temperature. The model can be a numerical model,
in which the relationship is determined by characterising the specific power device
type. This characterization can be to measure the current and the voltage for specific
temperatures; it will then be possible to establish parameters of the model, so that it is
possible to determine the temperature on the basis of a voltage and current
measurement. When the model and the parameters of the model are established, it can
be used to estimate the temperature. A microprocessor that is programmed according to
the model and is communicating with the measuring circuit of fig. 3 can be an
advantage, if the microprocessor established the parameters for the model when it was
initially installed. When this is done, it is possible to estimate the chip temperature on
the basis of a voltage and current measurement performed when the power device is in

operation.
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