
Slew rate control of discrete IGBT and CoolMOS reaches

targets far beyond the gate resistor regime
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Abstract

Vjg eqpvtqn qh rqygt ugokeqpfwevqtu ykvj tgurgev vq vwtp.qp ku wuwcnn{ c ocvvgt qh vjg icvg
tgukuvcpeg ugngevkqp/ Vjku rcrgt rtqrqugu c fkhhgtgpv yc{ qh icvg vwtp.qp d{ wvknk|kpi c ewttgpv
uqwteg- yjkej ejctigu vjg icvg uvtwevwtg qh OQU.eqpvtqnngf rqygt vtcpukuvqtu ykvj c eqpuvcpv
ewttgpv/ Vjku tguwnvu kp cp kortqxgf eqpvtqnncdknkv{ vqyctfu unqygt vwtp.qp kp vgtou qh fi0fv/
Fqwdng.rwnug ogcuwtgogpvu ujqy vjg dgjcxkqt fwtkpi vwtp.qp qh c ugngevgf tgxgtug
eqpfwevkpi KIDV cpf c EqqnOQU vtcpukuvqt ykvj hcuv dqf{ fkqfg/ Vjg tguwnvu ctg eqorctgf
vq c uvcpfctf icvg ftkxgt kpenwfkpi xctkqwu icvg tgukuvqtu/

1. Introduction
Jkij ungy tcvgu qh KIDV¶u eqnngevqt.gokvvgt xqnvcig fwtkpi RYO qrgtcvkqp kp oqvqt ftkxg
kpxgtvgtu ecwug fkurncegogpv ewttgpvu qxgt vjg rctcukvke ecrcekvcpeg qh vjg oqvqt vq
rtqvgevgf gctvj/ Vjgug ewttgpvu fqokpcpvn{ hnqy vjtqwij vjg dgctkpiu- yjkej ngcfu vq cp
ceegngtcvgf cikpi qh vjg dgctkpiu/ Vjku ku c ygnn mpqyp hcknwtg ogejcpkuo cpf gzrnckpgf kp
] 1 _/ Vjg cikpi vjgtghqtg ku c hwpevkqp qh vjg uykvejkpi htgswgpe{ qh vjg kpxgtvgt cu ygnn cu qh
vjg uykvejkpi urggf qh vjg kpxgtvgt¶u KIDV/ Vjg nguu uykvejkpi kpuvcpvu vjg nguu ewttgpv ku
dgkpi ogcuwtgf/ Vjg ucog ghhgev jcu vjg unqygt tcorkpi qh vjg eqnngevqt.gokvvgt xqnvcig qh
KIDV/ Vjg unqygt vjg vwtp.qp cpf vwtp.qhh- vjg nguu ewttgpv hnqyu vjtqwij vjg dgctkpiu/
Uykvejkpi unqyn{ ku cnyc{u eqttgncvgf ykvj kpetgcugf uykvejkpi nquugu/ Vjku ogcuwtg ku
vjgtghqtg pqv rtghgttgf kp eqodkpcvkqp ykvj jkij uykvejkpi htgswgpe{/

Vjg vctigv ku vq tgfweg vjg uykvejkpi htgswgpe{ cpf vq vwpg vjg uykvejkpi rtqeguugu vqyctfu
nqy uykejkpi urggf hqt cnn crrnkecvkqpu yjgtg jkij cxckncdknkv{ qt nkvvng ockpvgpcpeg ku c jkij
xcnwg/ Vjg fqokpcpv crrnkecvkqp hqt vjgug eqpukfgtcvkqpu ku tqqo ckt.eqpfkvkqpkpi/ Vjg
eqortguuqt qh vjgug u{uvgou kpeqtrqtcvgu vjg oqvqt gpecruwncvgf kpukfg vjg eqortguuqt
ecug/ Ockpvgpcpeg qh vjg oqvqt ku pqv rquukdng cv cnn/

Kv ku eqooqp ugpug vjcv c unqy uykvejkpi urggf d{ icvg tgukuvcpeg xctkcvkqp cnuq chhgevu vjg
vwtp.qp rtqrcicvkqp fgnc{ kp c pgicvkxg yc{/ C icvg tgukuvqt xcnwg qh ugxgtcn 211 " tguwnvu kp
vwtp.qp rtqrcicvkqp fgnc{u qh 211 pu qt gxgp oqtg ] 3 _/

C fkhhgtgpv ogvjqf vq vwtp.qp rqygt vtcpukuvqtu ku kpxguvkicvgf kp vjku rcrgt/ Vjg vwtp.qp ku
eqpvtqnngf d{ c eqpuvcpv ewttgpv kpuvgcf qh c eqpuvcpv xqnvcig cpf icvg tgukuvqt/ Vjku
vgejpkswg ycu hqtogtn{ kpvtqfwegf ykvj nctig rqygt oqfwngu- nkmg vjg 711C02311X jcnh
dtkfig oqfwng HH711T23OG5 htqo Kphkpgqp- ykvj gzegnngpv tguwnvu eqpegtpkpi eqpvtqnncdknkv{
qh fv0fv cv vwtp.qp )] 4 _- ] 5 _- ] 6 _*/ Vjg ogvjqf ku pqy crrnkgf vq nqy ewttgpv tcvkpi fkuetgvg
tgxgtug eqpfwevkpi KIDV KMF14P71T cpf EqqnOQU" KMF76P2M5EHF vtcpukuvqtu/ Vjg
vwtp.qp ogvjqf ku gzrnckpgf kp fgvckn cpf vjg tguwnvu ctg fkuewuugf cpf eqorctgf ykvj c
uvcpfctf icvg ftkxgt/
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2. Turn-on scheme with gate current control

Vjg pgy icvg ewttgpv eqpvtqn ku korngogpvgf kp Kphkpgqp¶u icvg ftkxgt KE 2GFU31K23UX/ Kv
fkxkfgu vjg vwtp.qp rtqeguu kpvq vjtgg ugevkqpu ceeqtfkpi vq kp Hkiwtg 2: c*/ Vjg hktuv ugevkqp t1
vq t2 ku vjg ejctikpi qh vjg icvg htqo 1 vq c fghkpgf xcnwg kp vjg tcpig nqygt vjcp vjg icvg.
gokvvgt vjtgujqnf xqnvcig qh vjg rqygt vtcpukuvqt- yjkej tguwnvu kp vig > vig)vj*/ Vjku ugevkqp ku
ecnngf vjg rtg.dqquv ugevkqp cpf ncuvu hqt c hkzgf fwtcvkqp qh tRTD ? 246pu/ Vjg rtgdqquv
ewttgpv ngxgn IRTD fwtkpi vjku rjcug ku cflwuvcdng hqt gcej kpfkxkfwcn KIDV v{rg/ Vjg ugeqpf
ugevkqp t2 vq t4 ku vjg icvg vwtp.qp ugevkqp/ Vjg kpuvcpvcpgqwu eqpuvcpv icvg ftkxg ewttgpv Iii

ecp dg cflwuvgf ykvjkp 22 fkhhgtgpv xcnwgu/ Vjg KIDV icvg xqnvcig rcuugu vjg Oknngt xqnvcig
ngxgn fwtkpi vjku vkog/ Vjg rtcevkecn crrnkecvkqp qh vjg fgxkeg rtqrqugu c uocnngt vwtp.qp icvg
ewttgpv Iii eqorctgf vq vjg rtgdqquv ewttgpv IRTD/ Kv ku rquukdng vq cejkgxg gxgp nctigt vwtp.qp
ewttgpvu Iii vjcp vjg rtgdqquv ewttgpv IRTD/ Vjku ku fkurnc{gf kp d* ykvjkp Figure 1 Hkpcnn{- vjg
icvg ku hwnn{ ejctigf wr vq vjg fguktgf icvg xqnvcig ngxgn kp ugevkqp 4 )t4 vq gpf*/

c*

d*

Hkiwtg 2< Vjg vjtgg rjcugu qh c vwtp.qp rtqeguu ykvj )c* vjgqtgvkecn ycxghqtou hqt icvg ewttgpv
)dnwg* cpf xqnvcig )itggp* cpf )d* ogcuwtgogpv gzcorng qh icvg ewttgpvu hqt urggf ngxgnu 2.22
] 5 _

Ngxgn 22

Ngxgn 2.21

vig

iii
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Vjg rtgdqquv rjcug ku pqv wugf hqt vjg ogcuwtgogpvu kp vjku rcrgt hqt ukornkekv{ tgcuqpu- cu
qpn{ vjg vwtp.qp gpgti{ Eqp- vjg fi0fv cpf fv0fv ctg qh kpvgtguv jgtg/ Qpn{ vjg vwtp.qp ewttgpv
ku crrnkgf- yjkej tguwnvu kp c nqpi vwtp.qp rtqrcicvkqp fgnc{ vkog- yjgp wukpi vjg ewttgpv
uqwteg ogvjqf hqt vwtp.qp/

Vjg KE eqpvtqnu vjg icvg ewttgpv d{ ogcpu qh enqugf nqqr ewttgpv uqwteg ektewkv- yjkej
eqpukuvu qh c r.ejcppgn OQUHGV DUF425URG cpf c ewttgpv ugpug tgukuvqt/

3. Turn-on evaluation of a reverse conducting IGBT

Kv ecp dg eqpenwfgf htqo Hkiwtg 3 vjcv vjg wugf ugvwr qh vjg ungy tcvg eqpvtqn vwtp.qp ku owej
nguu eqnngevqt ewttgpv fgrgpfgpv eqorctgf vq vjg uvcpfctf icvg ftkxg vwtp.qp/ Vjgtg ku gxgp
c mkpf qh c ucvwtcvkqp xkukdng chvgt tgcejkpi vjg pqokpcn ewttgpv ngxgn qh 4 C/ Vjg uvcpfctf
icvg ftkxg wukpi icvg tgukuvqtu ujqyu cp cnoquv nkpgct kpetgcug qh vjg eqnngevqt ewttgpv ungy
tcvg fiE0fv qxgt vjg tcpig qh icvg tgukuvqtu dgvyggp 46 " cpf 351 " cpf eqnngevqt ewttgpvu/
Vjg fiE0fv cv pqokpcn ewttgpv fkhhgtu d{ c hcevqt qh 3 qt gxgp jkijgt- yjgp eqorctkpi ngxgn 22
)UTE* ykvj Rg ? 351 "/ Vjg nqygt ewttgpv eqoowvcvkqp urggf cnuq jcu ugxgtcn rqukvkxg
ghhgevu kp vjg crrnkecvkqp- uwej cu nguu uwuegrvkdknkv{ vq pgicvkxg uvcvke xqnvcigu- yjkej oc{
qeewt cv vjg icvg ftkxgt KE cpf tgfwegf vgpfgpe{ vq igpgtcvg queknncvkqpu/

Hkiwtg 3< Ewttgpv ungy tcvg fiE0fv qh KMF14P71TH wukpi icvg ewttgpv eqpvtqn )�UTE�- nghv* cpf icvg
tgukuvqtu )tkijv*

Hkiwtg 4< Vwtp.qp gpgti{ Eqp qh KMF14P71TH wukpi icvg ewttgpv eqpvtqn )�UTE�- nghv* cpf icvg tgukuvqtu
)tkijv*
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Vjg hcuvguv vwtp.qp wukpi c icvg ewttgpv ku ngxgn 22/ Vjku ngxgn ocvejgu dguv vq vjg uvcpfctf
vwtp.qp wukpi Rg ? 351 " kp vgtou qh vwtp.qp gpgti{ ceeqtfkpi vq Hkiwtg 4/ Kp eqodkpcvkqp
ykvj Hkiwtg 3 kv ecp dg uggp vjcv nqy uykvejkpi urggf kp vgtou qh fiE0fv ku pqv ocpfcvqtkn{
tgncvgf vq c jkij vwtp.qp gpgti{ Eqp/ Ngxgn 22 ujqyu owej unqygt fiE0fv rgthqtocpeg/

Hkiwtg 5 ujqyu vjg gxcnwcvkqp tguwnvu qh vjg ykvj tgurgev vq vjg eqnngevqt.gokvvgt xqnvcig ungy
tcvg/ Vjg fvEG0fv ungy tcvg cv ngxgn 22 qh vjg icvg ewttgpv eqpvtqn ogvjqf ku c nkvvng jkijgt vjcp
vjg eqorctcdng ewtxg qh vjg uvcpfctf icvg ftkxg wukpi/ C ugvwr qh c UTE icvg ftkxgt wukpi
ngxgn ; dtkpiu tguwnvu yjkej ocvej dgvvgt vq vjg ewtxg qh Rg ? 351 " yjgp crrn{kpi c
uvcpfctf icvg ftkxgt/ Vjg nkvvng kpetgcug qh vjg vwtp.qp gpgti{ qh ngxgn 22 eqorctgf vq ngxgn ;
ceeqtfkpi vq Hkiwtg 4 ku ceegrvcdng/

Vjg vwtp.qp ycxghqtou qh vjg KMF14P71TH ctg ikxgp kp Hkiwtg 6 hqt 21& qh vjg pqokpcn
ewttgpv- yjkej ku 1/4 C cpf c FE dwu xqnvcig qh 411 X/ Vjg tguwnvu qh vjg UTE ogvjqf ctg
ujqyp kp vjg nghv eqnwop cpf vjg tguwnvu qh vjg uvcpfctf ogvjqf wukpi Rg ? 351 "/ qp vjg
tkijv eqnwop/ Vjg eqnngevqt ewttgpv ujqyu eqpukfgtcdn{ nguu queknncvkqpu cpf c nqygt tgxgtug
tgeqxgt{ ewttgpv Itt/ Vjku kortqxgu vjg GOK dgjcxkqt qh vjg crrnkecvkqp- yjkng vjg vwtp.qp
gpgti{ Eqp tgockpu vjg ucog cu ikxgp kp Hkiwtg 4/

Hkiwtg 5< Eqnngevqt.gokvvgt xqnvcig ungy tcvg fvEG0fv qh KMF14P71TH wukpi icvg ewttgpv eqpvtqn )�UTE�
nghv* cpf icvg tgukuvqtu )tkijv*

UTE )ngxgn22* Uvcpfctf )Rg ? 351 "*

icvg xqnvcig )itggp* 6X0fkx 211pu0fkx
eqnngevqt.gokvvgt xqnvcig )dncem* 211X0fkx
eqnngevqt ewttgpv )tgf* 2C0fkx

icvg xqnvcig )itggp* 3X0fkx 211pu0fkx
eqnngevqt.gokvvgt xqnvcig )dncem* 61X0fkx
eqnngevqt ewttgpv )tgf* 1/3C0fkx

Hkiwtg 6< Vwtp.qp cv 21& cpf 211& qh pqokpcn ewttgpv ykvj vjg UTE ogvjqf )nghv* cpf uvcpfctf )tkijv*
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Hkiwtg 6 fgrkevu vjg vwtp.qp ycxghqtou qh vjg KMF14P71TH hqt 211& qh vjg pqokpcn ewttgpv-
yjkej ku 4 C cv c FE dwu xqnvcig qh 411 X/ Vjg tguwnvu qh vjg UTE ogvjqf ctg nghv cpf vjg
tguwnvu qh vjg uvcpfctf ogvjqf ctg qp vjg tkijv/ Vjg eqnngevqt ewttgpv ujqyu cickp
eqpukfgtcdn{ nguu queknncvkqpu/ Vjg tgfwevkqp qh vjg tgxgtug tgeqxgt{ ewttgpv ku owej uvtqpigt
cv pqokpcn ewttgpv vjcp cv 21& qh pqokpcn ewttgpv/ Vjg UTE icvg ewttgpv ogvjqf tguwnvu kp c
tgxgtug tgeqxgt{ ewttgpv qh Itt ? 5/6 C- yjkng vjg uvcpfctf ogvjqf tguwnvu kp Itt ? 6/; C- yjkej
ku 35& jkijgt/

4. Turn-on evaluation of CoolMOS" CFD IKD65R1K4CFD
-41" 58?1<=53.=10" 0;.58" />;;18=" ;.831" 5<" 2;97" '&)" A" IF" A" )" ," 29;" =45<" =;.8<5<=9;&"-41" =>;8%98"
gpgti{ Eqp kp vjg nghv eqnwop kp Hkiwtg 8 tgcejgu ukoknct xcnwgu yjgp eqorctkpi vjg tguwnvu
qh UTE ngxgn 21 ykvj c uvcpfctf icvg ftkxg yjkej crrnkgu cp Rg ? 351 " )tkijv fkcitco*/ Vjku
ku kpfkecvgf d{ vjg jqtk|qpvcn- fcujgf nkpg kp Hkiwtg 8- yjkej kpfkecvgu Eqp ? 1/2 oL/

Vjg eqttgncvgf ftckp.uqwteg xqnvcig ungy tcvg fvF0fv ku cnoquv eqpuvcpv kp vjg tcpig qh 26 �
31 mX0·u/ Kv yqwnf dg xgt{ ukorng ykvj vjg UTE ogvjqf vq cejkgxg gxgp nqygt fvF0fv tcvgu cu
kv ku ujqyp kp Hkiwtg 9- uwej cu UTE ngxgnu 2 � ;/

icvg xqnvcig )itggp* 6X0fkx 211pu0fkx
eqnngevqt xqnvcig )dncem* 211X0fkx
eqnngevqt ewttgpv )tgf* 2C0fkx

icvg xqnvcig )itggp* 3X0fkx- 211pu0fkx
eqnngevqt xqnvcig )dncem* 61X0fkx-
eqnngevqt ewttgpv )tgf* 2C0fkx

Hkiwtg 7< Vwtp.qp cv 21& cpf 211& qh pqokpcn ewttgpv ykvj vjg UTE ogvjqf )nghv* cpf uvcpfctf )tkijv*

Hkiwtg 8< Ewttgpv ungy tcvg fiF0fv- vwtp.qp gpgti{ Eqp cpf eqnngevqt.gokvvgt xqnvcig ungy tcvg fvF0fv qh
vjg KMF76T2M5EHF wukpi vjg icvg ewttgpv eqpvtqn )�UTE�- nghv* cpf icvg tgukuvqtu )�Uvcpfctf�- tkijv*
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Vjg fvF0fv tcvgu fgetgcug eqpvkpwqwun{ fqyp vq 6 mX0·u ykvj nqygt icvg ewttgpv ngxgnu/ Vjku
yqwnf dg eqorctcdng vq wukpi icvg tgukuvcpeg kp vjg m" tgikog/

Vjg fkcitcou qh vjg ftckp ewttgpv ungy tcvgu fiF0fv cu c hwpevkqp qh vjg ftckp ewttgpv iF ctg
ikxgp kp Hkiwtg ;/ Ukoknct vq vjg TEF.KIDV- vjg ftckp ewttgpv ungy tcvg qh vjg EqqnOQU EHF
vtcpukuvqt ku nqygt d{ c hcevqt qh 3 yjgp wukpi vjg UTE icvg ewttgpv eqpvtqn kpuvgcf eqorctgf
vq vjg uvcpfctf icvg ftkxgt ewtxg tgncvgf vq Rg ? 351 "/ Vjg UTE icvg ewttgpv ogvjqf rqugu
cp gzegnngpv yc{ vq eqpvtqn vjg fiF0fv-hqt OQUHGVu yjkng vjg vwtp.qp gpgti{ Eqp tgockpu
ucog cu ykvj vjg uvcpfctf icvg tgukuvcpeg eqpvtqn/

Ukoknct cu hqt KIDVu- vjg EqqnOQU vtcpukuvqt KMF76T2M5EHF igpgtcvgu owej nqygt
tgxgtug tgeqxgt{ ewttgpvu yjgp wukpi vjg UTE ogvjqf cu kv ku fgrkevgf kp Hkiwtg 21 cpf
Hkiwtg 22/ Vjg UTE ogvjqf qpn{ igpgtcvgu uocnn queknncvkqpu chvgt vjg eqoowvcvkqp htqo vjg
dqf{ fkqfg/ Vjg UTE icvg ewttgpv eqpvtqn ogvjqf tguwnvu kp nguu pqkug cpf vjgtghqtg
kortqxgf GOK/ Vjgug cfxcpvcigu ctg cejkgxgf mggrkpi vjg ucog qt gxgp nqygt vwtp.qp
gpgti{ Eon.

Vjg tgxgtug tgeqxgt{ rgcm ku tgfwegf cu ygnn kp ecug qh vjg UTE icvg ewttgpv eqpvtqn
Gurgekcnn{ cv nqy ftckp ewttgpv xcnwgu- uwej cu ikxgp kp Hkiwtg 21- vjg tgxgtug tgeqxgt{
ewttgpv ku crrtqzkocvgn{ Itt ? 2/9 C/ Vjku ku 46& nqygt eqorctgf vq vjg tgncvgf ecug- yjgp
wukpi c uvcpfctf icvg ftkxgt ykvj Rg" +" (*'"B&"-41" ;1?1;<1" ;1/9?1;@" />;;18=" ?.6>1" 29;" =41"
uvcpfctf icvg ftkxg ku Itt ? 3/9 C/

Hkiwtg 9< Ewttgpv ungy tcvg fiF0fv- vwtp.qp gpgti{ Eqp cpf eqnngevqt.gokvvgt xqnvcig ungy tcvg fvF0fv qh
vjg KMF76T2M5EHF wukpi vjg icvg ewttgpv eqpvtqn )�UTE�- nghv* cpf icvg tgukuvqtu )�Uvcpfctf�- tkijv*

Hkiwtg ;< Ewttgpv ungy tcvg fiF0fv qh vjg KMF76T2M5EHF wukpi vjg icvg ewttgpv eqpvtqn )�UTE�- nghv* cpf
icvg tgukuvqtu )�Uvcpfctf�- tkijv*
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5. Conclusion

Vjg UTE icvg ewttgpv eqpvtqn ogvjqf ku cp ghhgevkxg yc{ vq kortqxg vjg vwtp.qp dgjcxkqt qh
dqvj fkuetgvg KIDVu cpf rqygt OQUHGVu/ Gurgekcnn{ vjg ewttgpv ungy tcvgu ecp dg tgfwegf
ftcocvkecnn{- yjkng mggrkpi vjg vwtp.qp gpgti{ eqpuvcpv hqt eqorctcdng ecugu/ Hwtvjgtoqtg-
vjg UTE icvg ewttgpv eqpvtqn ogvjqf tguwnvu kp uoqqvjgt ycxghqtou ykvj tgurgev vq icvg
xqnvcig- ftckp ewttgpv 0 eqnngevqt ewttgpv cpf ftckp xqnvcig 0 eqnngevqt.gokvvgt xqnvcig/ Vjku
tguwnvu kp cp qxgtcnn kortqxgf GOK dgjcxkqt/ Vjg UTE icvg ewttgpv eqpvtqn ogvjqf ku
uwrgtkqt vq cp{ mkpf qh icvg tgukuvcpeg eqpvtqn hqt tgcejkpi nqy ngxgnu qh ewttgpv ungy tcvgu qt
xqnvcig ungy tcvgu/

icvg xqnvcig )itggp* 6X0fkx 211pu0fkx
eqnngevqt xqnvcig )dncem* 211X0fkx
eqnngevqt ewttgpv )tgf* 1/6C0fkx

icvg xqnvcig )itggp* 3X0fkx 211pu0fkx
eqnngevqt xqnvcig )dncem* 61X0fkx
eqnngevqt ewttgpv )tgf* 1/6C0fkx

Hkiwtg 21< Vwtp.qp cv ftckp ewttgpv IF ? 1/4 C ykvj UTE ogvjqf )ngxgn 21- nghv* cpf Uvcpfctf ) Rg ?
(*'"B$";534=#"

icvg xqnvcig )itggp* 6X0fkx 211pu0fkx
eqnngevqt xqnvcig )dncem* 211X0fkx
eqnngevqt ewttgpv )tgf* 2C0fkx

icvg xqnvcig )itggp* 3X0fkx- 211pu0fkx
eqnngevqt xqnvcig )dncem* 61X0fkx-
eqnngevqt ewttgpv )tgf* 2C0fkx

Hkiwtg 22< Vwtp.qp cv ftckp ewttgpv IF ? 4 C ykvj UTE ogvjqf )ngxgn 21- nghv* cpf Uvcpfctf ) Rg ? 351 B$"
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