UNIVERSIDADE FEDERAL DO CEARA
CENTRO DE TECNOLOGIA
DEPARTAMENTO DE ENGENHARIA ELETRICA

RUBEN NUNES DA SILVA

REVISAO DOS DISPOSITIVOS IGBT’s COMERCIAIS UTILIZADOS EM
TRABALHOS ACADEMICOS E ANALISE DA VARIACAO DOS PRECOS DE
MOSFET’s NO CONTEXTO DE PANDEMIA DA COVID 19

FORTALEZA
2022



RUBEN NUNES DA SILVA

REVISAO DOS DISPOSITIVOS IGBT’s COMERCIAIS UTILIZADOS EM TRABALHOS
ACADEMICOS E ANALISE DA VARIACAO DOS PRECOS DE MOSFET’s NO
CONTEXTO DE PANDEMIA DA COVID 19

Trabalho de Conclusdo de Curso apresentado
ao Programa de Graduacdo em Engenharia
Elétrica da Universidade Federal do Cear4,
como requisito parcial a obtencdo do titulo de
Engenheiro Eletricista.

Orientador: Prof. Dr. Sergio Daher

FORTALEZA
2022



Dados Internacionais de Catalogacdo na Publicacio
Universidade Federal do Ceard
Sistema de Bibliotecas
Gerada automaticamente pelo médulo Catalog, mediante os dados fornecidos pelo(a) autor(a)

S583r Silva, Ridben Nunes da.
Revisdo dos dipositivos IGBT’s comerciais utilizados em trabalhos académicos e andlise da variagdo
dos precos de MOSFET’s no contexto de pandemia da COVID 19 / Raben Nunes da Silva. — 2022.
255 f. : il. color.

Trabalho de Conclusio de Curso (graduagdo) — Universidade Federal do Ceard, Centro de Tecnologia,
Curso de Engenharia Elétrica, Fortaleza, 2022.
Orientagdo: Prof. Dr. Sergio Daher.

1. IGBT. 2. Evolugdo tecnoldgica. 3. Variacdo de preco. 4. COVID-19. I. Titulo.
CDD 621.3




RUBEN NUNES DA SILVA

REVISAO DOS DISPOSITIVOS IGBT’s COMERCIAIS UTILIZADOS EM TRABALHOS
ACADEMICOS E ANALISE DA VARIACAO DOS PRECOS DE MOSFET’s NO
CONTEXTO DE PANDEMIA DA COVID 19

Trabalho de Conclusdo de Curso apresentado
ao Programa de Graduacio em Engenharia
Elétrica da Universidade Federal do Ceara,
como requisito parcial a obtencdo do titulo de
Engenheiro Eletricista.

Aprovadaem ___/___/

BANCA EXAMINADORA

Prof. Dr. Sergio Daher (Orientador)
Universidade Federal do Ceara (UFC)

Prof. Dr. René Pastor Torrico Bascopé
Universidade Federal do Ceard (UFC)

Eng. Samuel da Silveira
AMP Servigos e Solugdes Elétricas LTDA



Ao meu Deus e meu Senhor Jesus Cristo.



AGRADECIMENTOS

A Deus, por ter me proporcionado tudo o que tenho.

Aos meus pais, Assis e Aparecida, por sempre apoiarem e incentivarem meus estudos.

A minha irm3 Rubenia, pela forca e motivagdo que ela transmite.

Ao professor Dr. Sérgio Daher, pela orientagao e por toda a atencgao.

Aos membros da banca, Dr. René Pastor e Eng. Samuel da Silveira pelas consideragdes feitas.

Ao meu amigo Luiz Carlos, por todo apoio e companherismo durante a graduagao.

Ao meu amigo Diego Arimatéia, pela solicitude e gentileza.

Ao meu amigo Danton Franca, pelo suporte e motivacao.

Ao meu amigo Lucas Tavares, pelo apoio e suporte.

Ao meu amigo Mateus Lima, pelo incentivo e suporte.

Ao meu gestor Edenilson, pela gentileza e apoio.

Aos meus colegas de faculdade, entre eles: Rafael Silva, Davi Dias, Pedro Braga, Lindemberg
Samuel, Samuel da Silveira, Jandson, Anténio Fabio, Leandro Inaia, Mateus Siqueira, Matheus Sampaio,
Raimundo Criséstomo, Gabriel Pinto.

Aos meus colegas de trabalho, entre eles: Samuel da Silveira, Wanderson Alves, Bruna
Mesquita, Leandro Mesquita, Renato Fonteles, Jeferson Vasconcelos e José Neto.

Aos técnicos Jodo Gleidson da Rocha Mota e Jorge Anténio Morais Silveira.

A todos os meus professores.

A todos que me apoiaram.



“Gravity explains the motions of the planets, but it
cannot explain who sets the planets in motion.”

Isaac Newton



RESUMO
Este trabalho apresenta uma andlise da evolucdo de especificacdes de dispositivos IGBT’s
discretos utilizados em trabalhos académicos nacionais e internacionais ao longo das duas
ultimas décadas. Além disso, foi realizado o estudo da evolucao local dos precos de dispositivos
MOSFET ao longo dos dltimos quatro anos com o pano de fundo da pandemia da COVID-19
e levando em considerac¢do o histérico de cotagdo do d6lar em reais para o mesmo periodo. Para
o primeiro estudo, considerou-se trés fontes para compilagdo de artigos académicos: o
Repositério de Trabalhos Académicos da Universidade Federal de Santa Catarina (UFSC), a
Revista de Eletronica de Poténcia da Sociedade Brasileira de Eletronica de Poténcia
(SOBRAEP) e a Revista de Eletronica de Poténcia (Journal of Power Electronics) do Instituto
Coreano de Eletronica de Poténcia. Das referéncias de IGBT’s compiladas, coletou-se as
principais especificagdes de datasheet a fim de descrever os dispositivos e analisar os
pardmetros de tensdo coletor-emissor em condugdo (Vegon)) € de perda total por comutagdo
(Er). Ambas as especificacdoes sao menores em dispositivos mais eficientes. Os dispositivos
estudados apresentam tensdo de bloqueio (Vig(gg)) entre 400 V e 1200 V e corrente de coletor
(Ic)entre 6 A e 105 A a 25° C. As referéncias de IGBT’s totalizam 73. Observou-se, que houve
melhoramento da queda de tensdo, Vigony, para os dispositivos que apresentam tensoes,
Veesr) = 1,2 kV. Ja para dispositivos com tensdes de bloqueio menores, constatou-se que ndo
houve melhora do pardmetro Vggon). Na especificacdo de perda total de energia por
comutagio, Er, observou-se que para dispositivos de até 650 V de tensdo de bloqueio, houve
um descréscimo do parametro nos anos de 2008 e 2009 em relacdo a anos prévios, o que sugere
que houve melhoramento nesse periodo. Ja para transistores com tensdo de bloqueio maxima
de 1,2 kV, observou-se diminui¢do de valores ao longo das duas tdltimas décadas, indicando
que houve melhoramento do parametro. Na analise de precos dos MOSFET’s, constatou-se que
os precos dos semicondutores subiram mais que a cota¢do do délar para o mesmo periodo. Isso
evidencia que a principal causa foi a escassez de semicondutores causada pela pandemia da

COVID-19, apesar do preco do ddlar ainda ser um importante fator.

Palavras-Chave: IGBT. Evolugdo tecnoldgica. Variacdo de preco. COVID-19.



ABSTRACT

This work reports an evolution analysis of specifications of discrete IGBT devices used in
national and international academic works over the last two decades. In addition, it comprises
the study of the local development of prices for MOSFET devices over the last four years
against the backdrop of the COVID-19 pandemic and considering the historical exchange rate
of the dollar in reais over the same period. In the first study, three sources were considered to
compile the academic articles: the Repository of Academic Works from the Federal University
of Santa Catarina (UFSC), the Power Electronics Magazine from the Brazilian Society of Power
Electronics (SOBRAEP) and the Journal of Power Electronics from the Korean Institute of
Power Electronics. From the compiled IGBT references, the main datasheet specifications were
collected in order to characterize the devices and analyze the on-state collector- emitter voltage

parameters (Vcgon)) and total switching loss (E7). Both specs are lower on more efficient
devices. The studied devices have the blocking voltage (Vg (gr)) between 400 V and 1200 V,
and collector current (/) between 6 A and 105 A in 25 °C. The references of IGBT's add up to

73. It was noticed that there was improvement for the voltage drop specification, Vigon), for
devices that present voltages, Veggry = 1.2 kV. Whereas for devices with lower blocking
voltages, there was no improvement in the Vg (on) parameter. In the specification of total loss
of energy per switching, E;, it was observed that for devices with up to 650 V of blocking
voltage, there was a decrease in the specification in the years 2008 and 2009 compared to
previous years, which suggests that there was an improvement in this period. Where as for
transistors with a maximum blocking voltage of 1.2 kV, a decrease in values was observed over
the last two decades, indicating that there was improvement in the parameter. In the MOSFET
price analysis, it was noticed that the prices of semiconductors rose more than the dollar
exchange rate for the same period. This reveals that the main cause was the semiconductors
shortage caused by the COVID-19 pandemic, despite the dollar price still being an important

factor.

Keywords: IGBT. Technological evolution. Price variation. COVID-19.
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1 INTRODUCAO

A eletronica de poténcia se encontra em diversas aplicacdes cotidianas: ar-
condicionados, fogdes de inducdo, computadores pessoais, nobreaks (UPS), fontes e
carregadores de bateria, dentre outros.

Durante as trés ultimas décadas, a eletronica de poténcia tem contribuido para o
desenvolvimento e inova¢do de um grande nimero de aplicacdes e dreas de estudo, como,
robdtica, satélites, automagao industrial, internet das coisas, inddstria automotiva e aerondutica,
dentre outros (LANNUZZO, 2020).

Além desses usos, a eletronica de poténcia tem atuagdes em processos eletromecanicos,
controle de temperatura e luminosidade, aplicacdes médicas, comunicacdo, rede de
computadores, sistemas de geragdo, transmissao e distribuicdo de energia elétrica, transporte e
aplicagdes militares (MARI, 2020).

A pandemia da COVID-19, que teve inicio em 2020, dentre as muitas consequéncias,
trouxe um profundo impacto na cadeia de suprimentos mundial, especialmente, no setor de
semicondutores levando a uma escassez de chips eletronicos em escala global nos ultimos
quatro anos.

Segundo, o CEO da empresa de semicondutores GlobalFoundries, Tom Caulfield, a
escassez nao ¢ dos chips mais avangados, mas os chamados “legacy nodes” (nés de legado),
que sdo os chips de tecnologia mais antiga que atuam em funcdes como, gerenciamento de
energia, conexao de telas ou habilitacdo de conexdes sem fio. (CNBC, 2021).

Tal escassez foi consequéncia de um acumulo de fatores como, o aumento da demanda
por eletronicos como resultado das campanhas de ‘“homeoffice” durante os chamados
“lockdowns” na pandemia, a0 mesmo tempo que as empresas do setor de semicondutores
previram diminui¢do da demanda devido as restricdes econdmicas. Além disso, houve uma
escassez mundial de contéiners que afetou amplamente a cadeia de suprimentos em varios

setores, incluindo a industria de semicondutores. (PACHHANDARA, 2022)
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1.1 Objetivos

Este presente trabalho tem como primeira proposta a pesquisa bibliografica de IGBT’s
discretos de Si utilizados em trabalhos académicos brasileiros e internacionais, na area de
Eletronica de Poténcia, desenvolvidos ao longo dos tultimos 24 anos. Fazendo uma andlise
comparativa de evolu¢do de desempenho e efici€éncia no decorrer dos anos.

Os trabalhos foram compilados de trés fontes: o Repositério de Trabalhos Académicos
da Universidade Federal de Santa Catarina (UFSC), a Revista de Eletronica de Poténcia da
Sociedade Brasileira de Eletronica de Poténcia (SOBRAEP) e a Revista de Eletronica de
Poténcia (Journal of Power Electronics) do Instituto Coreano de Eletronica de Poténcia (The
Korean Institute of Power Electronics). A escolha das fontes foi feita levando em conta a
tradicdo da UFSC na area de Eletronica de Poténcia com o seu Instituto de Eletronica de
Poténcia (INEP), a Revista de Eletronica de Poténcia da SOBRAEP contém um acervo de
artigos publicados, na drea em estudo, que sio reconhecidos nacional e mundialmente e, além
disso, o Instituto Coreano de Eletronica de Poténcia promove diversificagcdo dos trabalhos
escolhidos, ja que eles publicam trabalhos académicos de diversas partes do mundo.

A segunda parte do trabalho visa avaliar o desenvolvimento de precos de dispositivos
semicondutores de poténcia ao longo dos ultimos quatro anos no mercado local, tendo em vista
o pano de fundo da escassez global de semicondutores na pandemia da COVID-19 e o aumento
do preco do ddlar no mercado brasileiro no mesmo periodo. Para isso, tomou-se catdlogos de
precos de componentes eletronicos, que datam desde o inicio de 2019 até o final de 2022,
fornecidos periodicamente por um distribuidor local: COMPIMEX. Devido a indisponibilidade

de IGBT’s nos catdlogos, considerou-se os dispositivos MOSFET para o estudo.
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2 TRANSISTOR BIPOLAR DE PORTA ISOLADA (IGBT)

As aplicacdes de eletronica de poténcia se dao nos mais variados ranges de poténcia e
de frequéncia (de mW a GW e 60Hz a 100MHz), desde aparelhos domésticos portéteis até
equipamentos eletronicos utilizados em grandes infraestruturas das redes de energia das
concessionarias (CHOW e GUO, 2019).

Os transistores de poténcia sdo construidos de modo que cada tipo abranja uma faixa de
frequéncia e de poténcia de operacdo, como pode-se verificar no grafico da Figura 1. Ainda
segundo o gréifico a seguir, verifica-se que os dispositivos MOSFET sdo a melhor escolha
quando a aplicagdo € de alta frequéncia e baixa poténcia. Em adi¢do, verifica-se que os IGBT’s
sdo aplicados quando a poténcia e a frequéncia de operacdo sdo intermedidrias. J4 para as

aplicagdes em alta poténcia, os dispositicos SCR e GTO se destacam.

Figura 1 - Poténcia versus frequéncia de chaveamento em transistores de poténcia.

100M
10M
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100K
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10K
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1K

100

MOSFET

10
10 100 IK 10K 100K IM
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Fonte: Chow, Guo (2019, p. 159).

Materiais semicondutores de banda larga (WGB — Wide Bandgap) como carbeto de
silicio (SiC) e nitreto de galio (GaN) tém sido cada vez mais empregados em chaves
semicondutoras de poténcia apesar de ainda possuirem alto custo comparado a dispositivos de
silicio. A Figura 1 mostra, indicado pelo tracejado vermelho, o potencial de expansao da

capacidade de poténcia e frequéncia com os dispositivos de banda larga.
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O transistor bipolar de porta isolada ou IGBT (Insulated Gate Bipolar Transistor) € um
dispositivo que combina as facilidades de acionamento do dispositivo MOSFET, devido a alta
impedancia de entrada, com as baixas perdas de conducdo de um transistor bipolar de jun¢do
(TBJ). A simbologia do IGBT estd apresentada na Figura 5. Ela é uma combinagdo da
simbologia dos dispositivos MOSFET e TBJ.

Os IGBT’s sdo atualmente empregados em diversas aplicacoes em eletronica de
poténcia com alguns dispositivos sendo capaz de bloquear tensdes de até 6500V, operar com
correntes na ordem de milhares de amperes e frequéncias de até 20 kHz. Sistemas de tracao

automotivos e ferrovidrios, conversores de energia e acionamento industrial sao exemplos de

aplicagdes dos IGBT’s (LANNUZZO, 2020).

Figura 2 - Simbologia do IGBT.

Emissor

Coletor

Fonte: FREITAS (2017).

2.1 Estrutura Basica

A estrutura bésica de um IGBT € apresentada na Figura 7. Os terminais de um IGBT
sdo chamados de gate, collector e emitter, ou, porta, coletor e emissor respectivamente. Os

terminais coletor e emissor sdo equivalentes ao drain e source dos dispositivos MOSFET.
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Figura 3 - Estrutura basica de um IGBT.
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Fonte: Pomilio (2014, p. 41).

A estrutura do dispositivo € bastante similar a de um MOSFET, porém, com a adicdo de
uma camada extra altamente dopada, p*, na regido do coletor que equivale ao dreno, drain, do
MOSFET.

Assim como os dispositivos MOSFET’s, os IGBT sdo chaves com porta isolada, onde
a porta € isolada por uma camada de diéxido de silicio (§i0,). Isso torna o acionamento do
IGBT bastante similar ao do MOSFET, sendo que ambos possuem alta impedancia de entrada
e sao controlados pela tensao Vy (tensdo porta-emissor) ou Vg, (tensdo porta-fonte).

Diferentemente do MOSFET, o dispositivo IGBT néo possui diodo intrinseco para fluxo
de corrente reversa. Sendo isso, portanto, em muitos casos, uma vantagem ja que se pode
utilizar um diodo externo ou ainda projetar um diodo interno ao encapsulamento, processo
conhecido como “co-pak”, que atende melhor as especificacdes requeridas pela aplicagdo.

A Figura 7 apresenta um circuito equivalente do IGBT, representado por um MOSFET
conectado a um Transistor Bipolar de Jun¢ao (TBJ) do tipo NPN e um do tipo PNP. Porém, o
TBJ do tipo NPN pode ser desprezado devido ao fato da resisténcia conectada em paralelo com
a sua base ser muito pequena. Isso implica em uma corrente muito baixa na base sendo

insuficiente para acionar o dispositivo.
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Figura 4 - Circuito equivalente de um IGBT.
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Fonte: Lannuzzo (2020, p. 115)

2.2 Principio de Funcionamento

O acionamento dos dispositivos IGBT’s € bastante similar ao dos MOSFET’s. Ele €
feito através da aplicac@o de uma tensao porta-emissor Vg > Vry, sendo Vi a tensdo de limiar
(threshold voltage) do dispositivo. Ao aplicar-se uma tensao suficientemente alta na entrada do
transistor bipolar de porta isolada, um canal n é gerado na camada p préxima ao terminal
emissor, permitindo a circulagdo de elétrons entre o emissor e o coletor.

Geralmente, os IGBT’s de silicio sdo acionados com 15 V para a entrada em conducio,
ja para o bloqueio, entre -15 V e -5 V em dispositivos com alta corrente de operagdo e 0 V em
dispositivos com baixa corrente de operacdo (SEMIKRON, 2021).

A adi¢do da camada p* na regido do coletor faz com que, quando em condugio,
portadores minoritdrios, lacunas, sejam injetados na camada n- aumentando assim a condugdo
do transistor e, portanto, diminuindo a resisténcia e tensdo no estado ligado. A diminui¢do da
resisténcia de condugdo permite que o IGBT seja capaz de conduzir correntes superiores ao
MOSFET. Esse processo € conhecido como efeito de modulacdo de condutividade
(conductivity modulation effect).

A Figura 5, a seguir, apresenta um grafico tensdo versus corrente no estado ligado, tanto
do IGBT quanto do MOSFET, para temperaturas de juncdo de 25°C e 125°C. Verifica-se,

segundo o grafico, que a resisténcia em condugdo do IGBT € consideravelmente menor que a
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resisténcia de um MOSFET equivalente devido ao efeito de modulacio de condutividade. Além
disso, constata-se que a resisténcia do dispositivo MOSFET ¢é bastante sensivel a variacdo da
temperatura, havendo uma elevacdo com o aumento da temperatura. Enquanto isso, a

resisténcia do IGBT permaneceu relativamente constante.

Figura 5 - Caracteristicas de operacdo em regime de condu¢do — IGBT versus MOSFET.
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Fonte: Toshiba (2022, p. 22).

J4a em relacdo ao chaveamento, os transistores IGBT’s possuem um maior tempo durante
a comutacdo em relacao aos dispositivos de efeito de campo devido a um fendmeno que ocorre
no bloqueio, chamado de corrente de cauda (tail current). Essa caracteristica ocorre devido a
inje¢do de portadores minoritdrios da camada p* para camada n. Tais portadores sdo
recombinados apds o bloqueio do dispositivo, 0 que gera uma corrente remanescente que
permanece mesmo apos a tensdo Vp atingir seu valor maximo em regime de bloqueio. O
fendmeno da corrente de cauda € um dos principais fatores relacionados a maiores perdas no

chaveamento e menor frequéncia de operagao em relacdo ao dispositivo MOSFET.
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2.3 Principais Tecnologias

As principais tecnologias que compdem a estrutura dos dispositivos IGBT’s sdo: o
IGBT PT (Punch Through), o IGBT NPT (Non Punch Through) e o IGBT ES (Field Stop). Eles
podem ainda ser divididos em duas categorias: dispositivos simétricos e assimétricos. o0 IGBT
NPT pertece a primeira categoria (simétricos), ja os IGBT’s PT e FS pertencem a segunda
categoria (assimétrico).

Neste trabalho as tecnologias dos IGBT’s compilados sdo apresentadas conforme
disponibilidade de tal informacao nos datasheets. A seguir é apresentado um resumo de cada
um desses tipos de estrutura.

A Figura 6, a seguir, apresenta as estruturas empregadas das trés tecnologias que sio

descritas nos préximos topicos.

Figura 6 - Estruturas de IGBT's. (a) PT. (b) NPT. (c) FS.

Gate Emitter Gate Gate Emitter Gate Gate Emitter Gate
n-drifi
n-drift n-drift
..................... R
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p .
* Coll
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Collector
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.
Collector
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(IWAMURO, 2017).
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2.3.1 Punch Through — PT

Os dispositivos do tipo PT vém sendo empregados desde a insercio do IGBT no
mercado de chaves de poténcia. Como € ilustrado na Figura 6 (a), suas principais caracteristicas
sdo: estrutura assimétrica, presenca de uma camada p* bastante espessa na regido do coletor e
uma camada buffer ou stop field n* entre a camada p* e a camada n™ (drift region).

A camada n* tem a fungfo de absorver os portadores minoritdrios, que sdo injetados
pela camada p* durante a entrada em conducdo, quando o dispositivo entra em bloqueio. Isso
faz com que o bloqueio seja mais rapido do que se ndo houvesse a presenca da camada buffer.
Porém, pelo fato da camada buffer n ser altamente dopada, h4 um aumento na queda de tensdo
em condug¢do do dispositivo.

A presenca da camada buffer, também faz com que o dispositivo ndo suporte tensdes
Vg simétricas de mesma magnitude. Ou seja, em comparacao a tensdes positivas, o IGBT do
tipo PT ndo suporta elevadas tensdes negativas. Isso faz com que o uso de tais dispositivos seja,
em geral, a aplicacdes CC e/ou CA com baixas tensoes de bloqueio.

Outra caracteristica marcante da estrutura Punch Through é que os dispositivos
apresentam coeficiente de temperatura, para Vegon), negativo. Isso significa que para um
aumento de temperatura, permanecendo a corrente I, constante, ocorre a diminuicdo da tensdao
coletor-emissor em conducdo. Em geral, tal atributo € positivo, jd que implica em menores
perdas por condu¢do com o aumento da temperatura. Entretanto, isso faz com que dispositivos
com tecnologia PT sejam inadequados para paralelismo, pois geram uma ma distribui¢do de

corrente na operacio (BASCOPE, 1997).

2.3.2 Non Punch Through — NPT

Os dispositivos IGBT’s do tipo non punch through (NPT) ou assimétrico surgiram
posteriormente aos dispositivos do tipo PT como uma alternativa as limitagdes destes. Como é
apresentado na Figura 6 (b), suas principais caracteristicas sdo: estrutura simétrica, presenca de
uma camada n (drift region) bastante espessa e a auséncia da camada buffer n.

A auséncia da camada buffer faz com que algumas das limitagdes presentes na estrutura
PT sejam ausentes na NPT. A capacidade de operacdo tanto com elevadas tensdes positivas
quanto negativas e coeficiente de temperatura, para Vigon), positivo sdo exemplos de

melhorias da tecnologia NPT em relacao a PT.
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Além disso, devido a presenca de uma camada n (drift region) mais espessa, hd uma
maior capacidade de bloqueio de tensdo nos dispositivos NPT. Portanto, eles sdo mais

adequados para aplicacdes em poténcias mais elevadas.

2.3.3 Field Stop - FS

Os dispositivos do tipo field stop (FS) ou também conhecidos como soft punch through
(SPT) surgiram posteriormente aos tipos PT e NPT. Eles apresentam aspectos que sdo comuns
a ambas estruturas (PT e NPT). Como € ilustrado na Figura 6 (c), suas principais caracteristicas
sdo: estrutura assimétrica, camada n (drift region) mais espessa em relacio a camada p no
coletor e presenca de uma camada buffer n levemente dopada.

Ambos os dispositivos IGBT’s, tipo FS e PT, apresentam uma camada buffer em comum
como ja foi descrito. Porém, tal camada na estrutura FS é dopada optimizadamente de modo a
impedir a penetracdo do campo elétrico durante o estado de bloqueio enquanto ainda permite a
modulacdo de condutividade durante a conducdo. Portanto, o IGBT do tipo FS combina as
vantagens de baixas perdas de dispositivos PT e coeficiente de temperatura positivo e bloqueio

suave dos dispositivos NPT (LANNUZZO, 2020).

2.4 Analise de Perdas de Conducao e Comutacio — IGBT versus MOSFET

Nos tépicos anteriores foram discutidas algumas das principais caracteristicas dos
transistores de poténcia IGBT e MOSFET. Porém, as duas principais caracteristicas que fazem
distin¢do entre ambos os dispositivos sdo as perdas de conducio e comutacdo. Em geral, nos
MOSFET’s h4d maiores perdas de conducdo e comutacdo encontradas nos dispositivos
MOSFET’s e IGBT’s respectivamente.

As perdas de condugdo nos dispositivos de efeito de campo se destacam devido a
resisténcia de conducgdo ser relativamente alta, em contraste com as perdas nos dispositivos
IGBT’s que sdo amenizadas devido ao efeito de modulagcao de condutividade. Maiores perdas
de condugdo implicam em menor capacidade de conducdo de corrente, além de menor
capacidade de bloqueio de tensdo, ja que as camadas do MOSFET sdo menos espessas a fim de
reduzir a resisténcia de condugdo, porém, geram uma menor capacidade de bloqueio de tensdo.

Ja as perdas de comutacdo sdo notdrias nos transistores bipolares de porta isolada
(IGBT) devido ao fendmeno de corrente de cauda que se encontra presente no bloqueio do

dispositivo.
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A Figura 7 foi retirada de uma apresentracdo de slides da fabricante de dispositivos
semicondutores Advanced Power Technology (APT) e apresenta uma comparacdo entre as
perdas de condugdo e de comutag¢do de um dispositivo MOSFET (APT5014B2LL) e um IGBT
(APT30GT60BR) com especificagdes parecidas e sobre as mesmas condi¢des de teste. As
condig¢des de teste sao: tensdo de bloqueio de 400 V, corrente de operacdo de 30 A, temperatura

de jungdo de 125 °C, resisténcia conectada a porta de 10 {2 e tensdo na portade 15 V.

Figura 7 - Caracteristicas de conducdo e bloqueio — IGBT versus MOSFET.
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Fonte: Dodge (2004, p. 3).

Observa-se pela Figura 7 que no bloqueio o IGBT apresenta um tempo maior para que
a corrente do coletor chegue ao valor nulo em relagdo a corrente de dreno no MOSFET, o que
implica em uma perda no bloqueio (Eyrr), em pf, cerca de duas vezes superior ao dispositivo
de efeito de campo em questao.

J& as perdas de conducio verificadas no experimento foram de 65 W para o dispositivo
IGBT e de 250 W para o dispositivo MOSFET. Isso corresponde a um valor de perda quase

quatro vezes superior no MOSFET em relagdo ao IGBT.
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3 PRINCIPAIS DADOS DE DATASHEET DO IGBT

Este trabalho tem como um dos objetivos a andlise de pardmetros de datasheet de

referéncias de IGBT’s. Neste topico tais parametros sao definidos e detalhados.

3.1 Tensao Coletor-Emissor em Conducio (Vg on))

Este parametro € definido como o valor de queda de tensdo entre os terminais coletor e
emissor do dispositivo em estado ligado. Ele € o principal pardmetro para o cdlculo de perdas
de conducdo. Este parametro € dependente da temperatura e € feita a comparagdo para valor de
temperatura de juncao de 25 °C, pois € o valor de temperatura comum a todos os datasheets.
Os valores apresentados neste trabalho sdo valores tipicos apresentados pelos dispositivos e

estdo em Volts.
3.2 Corrente no Coletor (I.)

E defindo como a corrente de coletor méxima que o dispositivo suporta. Assim como o
parametro anterior, este € dependente da temperatura na juncdo e a comparacdo ¢é feita

considerando operacdo na temperatura de 25 °C. Os valores sdo apresentados em amperes.

3.3 Tensao Coletor-Emissor de Breakdown (V ¢g(gr))

Define-se como a tensdo de bloqueio mdxima entre os terminais emissor e coletor e nao
pode ser excedida para que ndo ocorra o efeito de ruptura do semicondutor (breakdown). Os

valores s@o apresentados em Vollts.

3.4 Perdas por entrada em conducio (Egy)

Correspondem a quantidade da energia total perdida durante a entrada em conducio do

dispositivo quando acionando uma carga indutiva. Tal energia corresponde ao periodo desde

quando a corrente, I, atinge 10% do seu valor final até quando a tensdo, Vg, atinge 10% do
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seu valor inicial, como € representado na Figura 8. Este parametro € apresentado neste trabalho

em microjoules.

3.5 Perdas por Bloqueio (Eyfr)

Andlogo as perdas na entrada em conduc¢do, as perdas no bloqueio correspondem a
quantidade de energia gasta durante a bloqueio do transistor quando uma carga indutiva é
alimentada através dele. Tal perda abrange desde o momento que a tensdo, Vg, cresce a 10%
do seu valor final até o instante que a corrente, I, decresce ao seu valor final, aproximadamente
0% do valor inicial, como é representado na Figura 8. Este parametro é apresentado neste

trabalho em microjoules.

3.6 Perda Total por Comutacao (E7)

Este parametro corresponde a soma das perdas por entrada em conducdo e bloqueio do
dispositivo. Para os dispositivos que apresentam diodo interno ao encapsulamento, esse
parametro considera a energia gasta na recuperagdo reversa do diodo. A recuperagdo reversa
estd presente no diodo quando ele sai do estado de condugdo direta para o estado de bloqueio,
periodo que o diodo passa a conduzir reversamente antes de desligar por completo, como &
ilustrado na Figura 9. Os valores para este pardmetro sdo apresentados neste trabalho em

microjoules.



26

Figura 8 - Formas de onda na entrada em condugdo e bloqueio do IGBT.
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Fonte: ST Microeletronics (2014, p. 26).

Figura 9 - Formas de onda na recuperacao reversa do diodo.
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4 REFERENCIAS DE DISPOSITVOS IGBT DISCRETOS DE TRABALHOS
ACADEMICOS

As referéncias compiladas de trabalhos académicos tanto nacionais quanto
internacionais totalizam 73 dispositivos e estdo apresentadas a seguir com informacdes bdsicas
de capacidade de corrente de coletor, I, e tensdo de bloqueio, Versr)- Além disso, é refenciado
o trabalho académico em que o dispositivo € utilizado. As primeiras folhas dos datasheets dos
semicondutores consultados encontram-se no anexo A.

Os dispositivos sdo divididos em quatro categorias de acordo com informacdes de
tensdo, Veggry, € corrente, I¢: 1° - Veggry < 650V € Ip < 404; 2° - Viggry < 650V e I >
404; 3*-900 < Vegry < 1000V e 4* - 1000 < Vig(pry < 1200V. Na primeira categoria, ha
24 dispositivos; na segunda, 22; na terceira, 5; € na quarta, 22.

Para as comparacdes que sdo feitas neste trabalho, a categoria de dispositivos com
tensdao de bloqueio entre 900 VV e 1000 V é descartada, tendo em vista o baixo nimero de

dispositivos presentes nela.

4.1 DiSpOSitiVOS IGBT’s: VCE(BR) < 650Ve IC <404

A seguir, estdo listados os 24 dispositivos IGBT’s utilizados nos trabalhos académicos

compilados, que tém as seguintes especificagdes: Veggry < 650V € I < 40A.

HGTP3N60C3D
e Fabricante: Intersil;
e Tensdo coletor-emissor (Breakdown): Vcg@ggry = 600V,
e Corrente coletor: I = 6A (25°C) e 3A (110°C);
e Encapsulamento: TO-220AB;
e Tecnologia: Nao disponivel;
e Presenca de diodo no encapsulamento: Sim,;

e Trabalho académico (mais antigo): (HEY, 1998).

HGTP7N60C3D

e Fabricante: Fairchild;
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Tensdo coletor-emissor (Breakdown): Vcg@gry = 600V,
Corrente coletor: I = 14A (25°C) e 7A (110°C);
Tecnologia: Nao disponivel;

Presenca de diodo no encapsulamento: Sim;
Encapsulamento: TO-220AB;

Trabalho académico (mais antigo): (HEY, 2000).

IRGBC40U

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vcg@ggry = 600V,
Corrente coletor: I = 40A (25°C) e 20A (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (BARBI, 2001)

IRG4PC40U

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vegigry = 600V
Corrente coletor: I = 404 (25°C) e 204 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (HANG-SEOK, 2001).

IRG4BC30UD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 23A (25°C) e 124 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenga de diodo no encapsulamento: Sim;



Trabalho académico (mais antigo): (HANG-SEOK, 2001).

IRG4PC40W

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 404 (25°C) e 204 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (MOISSEEV, 2002).

IRG4PC30W

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown):Veggry = 600V,
Corrente coletor: I = 23A (25°C) e 124 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (BRAGA, 2002).

IRG4BC30U

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 23A (25°C) e 124 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (NETO, 2005).

IRG4BC15UD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V

29
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Corrente coletor: I = 144 (25°C) e 7,84 (100°C);
Tecnologia: Nao disponivel;
Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (GONCALVES, 2006).

IRGB20B60PD1

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 404 (25°C) e 224 (100°C);
Tecnologia: NPT;

Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (MORALIS, 2008).

IRG4BCI10KD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 94 (25°C) e 54 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (PERACA, 2008).

IRG4BC20UD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 134 (25°C) e 6,54 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (OLIVEIRA, 2009).



IRGP20B60PD
e Fabricante: International Rectifier;
o Tensdo coletor-emissor (Breakdown): Viggry = 600V
e (Corrente coletor: I = 40A (25°C) e 224 (100°C);
e Tecnologia: NPT;
e Encapsulamento: TO-247AC;
e Presenca de diodo no encapsulamento: Sim;

e Trabalho académico (mais antigo): (WADA, 2009).

IRG4BC20SD
e Fabricante: International Rectifier;

o Tensdo coletor-emissor (Breakdown): Vg gy = 600V
e Corrente coletor: I = 194 (25°C) e 104 (100°C);

e Tecnologia: Nao disponivel;

e Encapsulamento: TO-220AB;

e Presenca de diodo no encapsulamento: Sim;

e Trabalho académico (mais antigo): (BASKARAN, 2010).

IGPI5N60T
e Fabricante: Infineon;
o Tensdo coletor-emissor (Breakdown): Viggry = 600V
e Corrente coletor: I = 304 (25°C) e 154 (100°C);
e Tecnologia: FS;
e Encapsulamento: TO-220AB;
e Presenca de diodo no encapsulamento: Nao;

e Trabalho académico (mais antigo): (RYU, 2011).

IRG4PC40UD
e Fabricante: International Rectifier;

o Tensdo coletor-emissor (Breakdown): Viggry = 600V

e Corrente coletor: I = 40A (25°C) e 204 (100°C);
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Tecnologia: Nao disponivel;
Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (BELTRAME, 2011).

FGH20N60SFD

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 404 (25°C) e 204 (100°C);
Tecnologia: SF;

Encapsulamento TO-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (SHIN, 2014).

HGTPION40C1D

Fabricante: Intersil;

Tensdo coletor-emissor (Breakdown): Veggry = 400V
Corrente coletor: I = 17,54 (25°C) e 10 (90°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (LAALI, 2014).

IRGB4064DPbF

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vegigry = 600V
Corrente coletor: I = 204 (25°C) e 10 (100°C);
Tecnologia: Nao disponivel,

Encapsulamento: TO-220AB;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (ARJONA, 2015).
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IRG4PC30UD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 23A (25°C) e 124 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (BARBI, 2015).

BUP400D

Fabricante: Siemens;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 22A (25°C) e 14 (90°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AB;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (ALI, 2015).

FGP20N60UFD

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 40A (25°C) e 204 (100°C);
Tecnologia: SF;

Encapsulamento: TO-220;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (MANOHARAN, 2016).

HGTG7N60A4D

Fabricante: Onsemi;

Tensdo coletor-emissor (Breakdown): Veggry = 600V

Corrente coletor: I = 34A (25°C) e 184 (100°C);

Tecnologia: Nao disponivel;
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e Encapsulamento: TO-247,
e Presenga de diodo no encapsulamento: Sim;

e Trabalho académico (mais antigo): (ALVES, 2017).

IKW20N60T
o Fabricante: Infineon;
o Tensdo coletor-emissor (Breakdown): Vigggy = 600V
e Corrente coletor: I = 404 (25°C) e 204 (100°C);
e Tecnologia: FS;
e Encapsulamento: TO-247,
e Presenca de diodo no encapsulamento: Sim;

e Trabalho académico (mais antigo): (ZHOU, 2019).

4.2 Dispositivos IGBT’s: Vgggy < 650V e I > 404

Neste item, estdo listados os dispositivos IGBT’s utilizados nos trabalhos académicos

compilados, que tém as seguintes especificagdes: Veggry < 650V € I > 40A.

IRG4PSC71U
e Fabricante: International Rectifier;
o Tensdo coletor-emissor (Breakdown): Viggry = 600V
e Corrente coletor: I, = 854 (25°C) e 604 (100°C);
e Tecnologia: Nao disponivel;
e Encapsulamento: SUPER-247,
e Presenca de diodo no encapsulamento: Nao;

e Trabalho académico (mais antigo): (SANTOS, 2001).

IRG4PC50UD
e Fabricante: International Rectifier;
o Tensdo coletor-emissor (Breakdown): Vigggy = 600V
e Corrente coletor: I, = 554 (25°C) e 27A (100°C);

e Tecnologia: Nao disponivel;



Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (MARAFAO, 2002).

IRG4PC50W

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 554 (25°C) e 27A (125°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (MARTINS, 2004).

IRG4PSC71UD

Fabricante: International Rectifier;

Tensao coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 854 (25°C) e 604 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: SUPER-247;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (GOMES, 2007).

IRG4PC50KD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I, = 52A (25°C) e 304 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (PIAZZA, 2008).

IRGP50B60PD1
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Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V

Corrente coletor: I = 754 (25°C) e 454 (100°C);
Tecnologia: NPT;
Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (VIDAL, 2008).

APT15GP60BDF1

Fabricante: Advanced Power Technology;

Tensao coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 564 (25°C) e 27A (110°C);
Tecnologia: PT;

Encapsulamento: TO-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (SALAM, 2009).

IRG4PC40FD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vegigry = 600V
Corrente coletor: I = 49A (25°C) e 27A (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (SALAM, 2009).

APT30GT60BRD

Fabricante: Advanced Power Technology;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 554 (25°C) e 304 (110°C);
Tecnologia: NPT;

Encapsulamento: TO-247AC;
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Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (GREFF, 2008).

IRGP30B60KD-E

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 604 (25°C) e 304 (100°C);
Tecnologia: NPT;

Encapsulamento: TO-247AD;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (BELTRAME, 2010).

IKW75N60T

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 804 (25°C) e 754 (100°C);
Tecnologia: FS

Encapsulamento: TO-220AC;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (ZHANG, 2010).

IGW30N60T

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Vegigry = 600V
Corrente coletor: I = 604 (25°C) e 304 (100°C);
Tecnologia: FS;

Encapsulamento: TO-220AC;

Presenga de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (RYU, 2011).

IRGPC40S

Fabricante: International Rectifier;
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Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 504 (25°C) e 314 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (COSTA, 2012).

STGW35HF60WD

Fabricante: ST;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 604 (25°C) e 354 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (KIM, 2012).

IRGP50B60PD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vegigry = 600V
Corrente coletor: I = 754 (25°C) e 424 (100°C);
Tecnologia: NPT;

Encapsulamento: TO-247AC;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (BORGES, 2012).

IKW30N60T

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 604 (25°C) e 304 (125°C);
Tecnologia: FS;

Encapsulamento: TO-220AC;

Presenga de diodo no encapsulamento: Sim;
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Trabalho académico (mais antigo): (DARMIAN, 2012).

SGHSON6OUFD

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 804 (25°C) e 404 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (CHEN, 2012).

IRGP50B60PDIPBF

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 75A (25°C) e 454 (100°C);
Tecnologia: NPT;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (COSTA, 2012).

IXGH72N60A3

Fabricante: 1IXYS;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
Corrente coletor: I = 75A (25°C) e 72A (110°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247,

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (LIU, 2017).

IRG4PC40K

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 600V
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o Corrente coletor: I = 42A (25°C) e 254 (100°C);
e Tecnologia: Nao disponivel;

e Encapsulamento: TO-247AC;

e Presenca de diodo no encapsulamento: Nao;

e Trabalho académico (mais antigo): (JUNIOR, 2018).

IRGPC40F
e Fabricante: International Rectifier;
o Tensdo coletor-emissor (Breakdown): Vg gy = 600V
e Corrente coletor: I = 49A (25°C) e 27A (100°C);
e Tecnologia: Nao disponivel;
e Encapsulamento: TO-247AC;
e Presenca de diodo no encapsulamento: Nao;

e Trabalho académico (mais antigo): (JUNIOR, 2018).

IKP40N65F 5
o Fabricante: Infineon;
o Tensdo coletor-emissor (Breakdown): V¢ggry = 650V;
e Corrente coletor: I, = 74A (25°C) e 464 (100°C);
e Tecnologia: Nao disponivel;
e Encapsulamento: PG-T0247-3;

e Presenca de diodo no encapsulamento: Sim;

e Trabalho académico (mais antigo): (MEZAROBA, 2020).
4.3 Dispositivos IGBT’s: 900 < Vg gy < 1000V
Neste item, estdo listados os dispositivos IGBT’s utilizados nos trabalhos académicos

compilados, que tém a seguinte especificagdo: 900 < Vg gy < 1000V.

CT90AM-18

e Fabricante: Mitsubishi Electric;
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Tensdo coletor-emissor (Breakdown): Veggry = 900V
Corrente coletor: I, = 604 (25°C);

Tecnologia: Nao disponivel;

Encapsulamento: TO-3PL;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (OGURA, 2002).

FGL60ON100BNTD

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 1000V
Corrente coletor: I = 604 (25°C) e 424 (100°C) ;
Tecnologia: NPT;

Encapsulamento: TO-264;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (NGHIA, 2009).

IRG4PF50WPBF

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vegigry = 900V
Corrente coletor: I = 514 (25°C) e 284 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (ANDERSEN, 2010).

IRG4PF50WD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Vegigry = 900V
Corrente coletor: I = 514 (25°C) e 284 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenga de diodo no encapsulamento: Sim;
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e Trabalho académico (mais antigo): (REINERT, 2011)

BUP304
e Fabricante: Siemens;
o Tensdo coletor-emissor (Breakdown): Vegggy = 1000V
e Corrente coletor: I = 354 (25°C) e 234 (90°C);
e Tecnologia: Nao disponivel;
e Encapsulamento: TO-218AB;
e Presenca de diodo no encapsulamento: Nao;

e Trabalho académico (mais antigo): (JEDIDI, 2017).

4.4 Dispositivos IGBT’s: V¢ggry = 1200V

Neste item, estdo listados os dispositivos IGBT’s, utilizados nos trabalhos académicos

compilados, que t€m a seguinte especificagdo: Veggry = 1200V.

IRG4PH50UD
e Fabricante: International Rectifier;
o Tensdo coletor-emissor (Breakdown): Veggry = 1200V
e Corrente coletor: I, = 45A (25°C) e 24A (100°C);
e Tecnologia: Nao disponivel;
e Encapsulamento: TO-247AC;
e Presenca de diodo no encapsulamento: Sim;

e Trabalho académico (mais antigo): (CANESIN, 2002).

IRGP20B120UD-E
e Fabricante: International Rectifier;
o Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
e Corrente coletor: I, = 40A (25°C) e 204 (100°C);
e Tecnologia: NPT,
e Encapsulamento: TO-247AD;

e Presenga de diodo no encapsulamento: Sim;



Trabalho académico (mais antigo): (BUTTENDORF, 2003).

Volume: Nao se aplica.

IRG4PH40K

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 304 (25°C) e 154 (125°C) ;
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Nio;

Trabalho académico (mais antigo): (SALAM, 2009).

BUP306D

Fabricante: Siemens;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 23A (25°C) e 154 (125°C) ;
Tecnologia: Nao disponivel;

Encapsulamento: TO-218AB;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (BABAEI, 2010).

IXRPI5SNI20

Fabricante: 1XYS;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 25A (25°C) e 154 (90°C);
Tecnologia: NPT;

Encapsulamento: TO-220AB;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (JABBARI, 2010).

IRG4PH50U

Fabricante: International Rectifier;
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Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
Corrente coletor: I = 454 (25°C) e 24A (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (SALAM, 2011).

IRG4PH40UD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 41A (25°C) e 214 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (AGARWAL, 2012).

IRG4PH20KD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 114 (25°C) e 54 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenga de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (ALMEIDA, 2013).

IRGP20BI120U-E

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown):Veggry = 1200V
Corrente coletor: I = 40A (25°C) e 204 (100°C);
Tecnologia: NPT;

Encapsulamento: TO-247AD;

Presenga de diodo no encapsulamento: Nao;
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Trabalho académico (mais antigo): (RATHAN, 2013).

IGW40T120

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
Corrente coletor: I = 754 (25°C) e 404 (125°C);
Tecnologia: FS;

Encapsulamento: TO-247AC,;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (ZHANG, 2014).

IKW40N120H3

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 804 (25°C) e 404 (100°C);
Tecnologia: FS;

Encapsulamento: TO-220AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (KRISHNAMOORTHY, 2014).

SKW25N120

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 504 (25°C) e 254 (100°C);
Tecnologia: NPT;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (WANG, 2015).

IRG7PH35UDIPbF

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
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Corrente coletor: I = 504 (25°C) e 254 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (JASSIM, 2015).

FGAI5N120AND

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
Corrente coletor: I = 24A (25°C) e 154 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (RAJ, 2016).

FGA25N120ANTD

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 504 (25°C) e 254 (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (CHENG, 2016).

BUP314

Fabricante: Siemens;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
Corrente coletor: I = 52A (25°C) e 334 (90°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-218AB;

Presenca de diodo no encapsulamento: Nao;

Trabalho académico (mais antigo): (MEJDAR, 2016).
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IKW40N120T2

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
Corrente coletor: I = 754 (25°C) e 404 (110°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-220AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (XU, 2016).

IKW40T120

Fabricante: Infineon;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,
Corrente coletor: I = 75A (25°C) e 404 (100°C);
Tecnologia: FS;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (WANG, 2016).

FGA20N120FTD

Fabricante: Fairchild;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 404 (25°C) e 204 (100°C);
Tecnologia: FS;

Encapsulamento: TO-3PN;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (GUAN, 2018).

FGH40T120SMD

Fabricante: Onsemi;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V,



Corrente coletor: I = 804 (25°C) e 404 (125°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO—-247-3LD;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (FAHMY, 2018).

IRG4PH50KDPbF

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 45A (25°C) e 24A (100°C);
Tecnologia: Nao disponivel;

Encapsulamento: TO-247AC;

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (FREDDY, 2019).

IRGPS60B120KD

Fabricante: International Rectifier;

Tensdo coletor-emissor (Breakdown): Veggry = 1200V
Corrente coletor: I = 45A (25°C) e 24A (100°C) ;
Tecnologia: NPT;

Encapsulamento: SUPER-247,

Presenca de diodo no encapsulamento: Sim;

Trabalho académico (mais antigo): (GUERRERO-GUERRERO, 2019).
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5 EVOLUCAO DO DESEMPENHO DE IGBT’s DISCRETOS

Analisou-se os dispositivos listados anteriormente, com base nos parametros coletados
de seus respectivos datasheets, a fim de verificar a evolu¢do dos dispositivos IGBT’s
comerciais, que operam com tensdes de até 1,2 kV, durante os tltimos vinte anos.

A seguir temos uma andlise comparativa de dois pardmetros dos dados coletados e
apresentacdo dos resultados observados de acordo com a divisdo por especificacdo feita no
capitulo 4.

As tabelas seguintes, deste capitulo, estdo ordenadas do trabalho mais antigo ao trabalho
mais novo, de modo a facilitar a visualizacdo do desenvolvimento dos parametros com o

decorrer dos anos.

5.1 Evoluc¢ao da Tensao Coletor-Emissor em Conducio (Vcgon))

O parametro de tensdo coletor-emissor apresenta dependéncia com a corrente nominal
do dispositivo, /.. Dispositivos que operam em corrente maiores apresentam, em geral, queda
de tensdo em condu¢do maior, apesar de existir outros fatores como temperatura de operacgao.
Portanto, considerou-se necessdrio dividir o parametro pela corrente nominal do dispositivo, a
fim de diminuir a influéncia da corrente no parametro, e depois multiplici-lo por 100 para
remover algumas casas decimais. A Equag@o 1 apresenta o célculo feito, onde K¢gon) € 0 novo

parametro resultante.

Kceony = 100 - Vegomy/Ic [1]

Os valores de Kcg(on) cdlculados estdo apresentados na quarta coluna das tabelas a
seguir. Na andlise dos dados, foram desconsiderados valores de K¢g(on) que estivessem muito

dispersos dos outros valores dos dispositivos da faixa de tempo em andlise.

5.1.1 Dispositivos IGBT’s: V cgigry < 650V e I¢ < 404

A tabela 1 apresenta os pardmetros de tensdo coletor-emissor no condugio, Veg(on), em
25 °C dos dispositivos IGBT’s listados no item 4.1 (Vg gry < 650V € I < 404), assim como

os respectivos valores K¢z oy calculados conforme a equagao 1.
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A tensdo coletor-emissor em conduc¢do € um parametro que estd diretamente associado
as perdas de conducdo do dispositivo, como ja discutido no item 3.1. Sendo assim, o dispositivo
mais eficiente, em geral, € o que possui menor tensdo de conducdo e que, por sua vez, implica
menor parametro Kcgon).

Observou-se que na quarta coluna alguns valores estdo dispersos dos demais e, portanto,
decidiu-se ndo considera-los para a anélise seguinte. Estes valores sdo 27,50V /A e 26,56 V /A,

que correspondem aos dipositivos HGTP3N60C3D e IRG4BC10KD, respectivamente.

Tabela 1 - Tens@o coletor-emissor em condugdo dos IGBT’s com Vig(gry < 650V e I <

40A.
IGBT - Ic Vceon (typ) Kce(on) Ano de
Referéncia (A) (25 °C) (V) (25°C) (V/A) (25°C) publicagdo
HGTP3N60C3D 6 1,65 27,50 1998
HGTP7N60C3D 14 1,6 11,43 2000
IRG4PC40U 40 1,72 4,30 2001
IRG4BC30UD 23 1,95 8,48 2001
IRGBC40U 40 2,2 5,50 2001
IRG4PC40W 40 2,05 5,13 2002
IRG4PC30W 23 2,1 9,13 2002
IRG4BC30U 23 1,95 8,48 2005
IRG4BC15UD 14 2,02 14,43 2006
IRGB20B60PD1 40 2,05 5,13 2008
IRG4BC10KD 9 2,39 26,56 2008
IRG4BC20UD 13 1,85 14,23 2009
IRGP20B60PD 40 2,5 6,25 2009
IRG4BC20SD 19 1,85 9,74 2010
IGP15N60T 30 1,5 5,00 2011
IRG4PC40UD 40 1,72 4,30 2011
FGH20N60SFD 40 2,2 5,50 2014
HGTP10N40C1D 17,5 2,5 14,29 2014
IRGB4064DPbF 20 1,6 8,00 2015
IRG4PC30UD 23 1,95 8,48 2015
BUP400D 22 2,1 9,55 2015
FGP2ON60UFD 40 1,8 4,50 2016
HGTG7N60A4D 34 1,9 5,59 2017
IKW20N60T 40 1,5 3,75 2019

Fonte: Préprio autor com base nos datasheets.
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Para a andlise a seguir, os dados da Tabela 1 sdo divididos em duas faixas: a primeira
de 1998 a 2008 e a segunda de 2009 a 2019. As faixas foram escohidas de modo a dividir os
dados em quantidades semelhantes por faixa.

Considere os dois menores valores de Kcg(on), que aparecem pelo menos uma vez, do
primeiro periodo (1998 a 2008) e os dois menores valores para o segundo periodo (2009 a
2019). No primeiro periodo, os dois menores valores de tensdo em condugdo sobre a corrente
foram 4,30V /A e 5,13V /A. J4 no segundo periodo, tem-se os valores de 3,75V /A e
4,50V /A.

Agora, segue a mesma andlise, porém, para os dois maiores valores de cada periodo. Na
primeira faixa de tempo, os dois maiores valores foram 14,43V /A e 11,43V /A. Em
contrapartida, os valores da segunda faixa foram 14,29V /A e 14,23V /A.

A média aritimética dos valores na primeira faixa foi 8,00 V/A e na segunda faixa,
7,63 V /A, diminuicao de 4,64 % em relacdo a primeira faixa.

Com base em tais dados, constata-se que nao houve diferencga significativa em relacao
aos valores presentes em ambas as faixas. Porém, percebe-se o aumento de dispositivos com
valores mais baixos de Kcgon)

Portanto, verifica-se pela Tabela 1 que os valores de K¢g(on) dos IGBT’s permaneceram
na mesma faixa entre 1998 e 2019. Sendo assim, constata-se que ndo houve aprimoramento
significativo em relacdo a tensdo coletor-emissor em conducdo nas ultimas duas décadas.
Porém, percebe-se no segundo periodo o aumento do uso de dispositivos mais eficientes
(valores K¢g(on) menores), o que pode indicar que tais dispositivos se tornaram mais acessiveis

com OS anos.

5.1.2 Dispositivos IGBT’s: V cggry < 650V e I¢ > 404

A Tabela 2 contém os valores de tensao emissor-coletor em conducao para as referéncias
de IGBT’s listadas no item 4.2 (Vggggry < 650V € I > 40A4), assim como os respectivos
valores K¢g(on) calculados conforme a equagéo 1.

O dispositivo IRG4PC40K € excluido da andlise, pois seu valor de Kcgon) foi
considerado disperso em relagdo aos valores mais proximos. O valor de K¢g(on), na quarta
coluna, para esse dispositivo € 5,00 V/A . Na mesma coluna, o valor mais préximo ao do

dispositivo é 4,17 V /A e o segundo mais préximo 3,97 V/A .
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Tabela 2 - Tens@o coletor-emissor em condug@o dos IGBT’s com Vg gy < 650V e I >

40A.
A Ic Vceon (t Ano de

IGBT - Referéncia (A) (25 °C) V) (zé%‘;) Kce(on) (V/A) publicacdo
IRG4PSC71V 85 1,67 1,96 2001
IRG4PC50UD 55 1,65 3,00 2002
IRG4PC50W 55 1,93 3,51 2004
IRG4PSC71UD 85 1,67 1,96 2007
IRG4PC50KD 52 1,84 3,54 2008
IRGP50B60PD1 75 2 2,67 2008
IRG4PC40FD 49 1,85 3,78 2009
APT30GT60BRD 55 2 3,64 2009
APT15GP60BDF1 56 2,2 3,93 2009
IRGP30B60KD-E 60 1,95 3,25 2010
IKW75N60T 80 1,5 1,88 2010
IGW30N60T 60 1,5 2,50 2011
IRGPC40S 50 1,6 3,20 2012
STGW35HF60WD 60 2,5 4,17 2012
IRGP50B60PD 75 2 2,67 2012
IKW30N60T 60 1,5 2,50 2014
SGH8ON60UFD 80 2,1 2,63 2016
IRGP50B60PD1PBF 75 2 2,67 2017
IXGH72N60A3 75 1,35 1,80 2017
IRG4PC40K 42 2,1 5,00 2018
IRGPC40F 49 1,7 3,47 2018
IKP4AONG65F5 74 1,6 2,16 2020

Fonte: Préprio autor com base nos datasheets.

Para a andlise a seguir, os dados da Tabela 2 sdo divididos em duas faixas: a primeira
de 2001 a2010 e a segunda 2011 a 2020. As faixas foram escolhidas de modo a dividir os dados
em quantidades semelhantes por faixa.

Da mesma forma que no caso anterior, para verificagdo da evolugdo do parametro nos
IGBT’s, toma-se os dois menores valores de Kcg(oy) entre os anos de 2001 a 2010 e entre 2011
e 2020. Para o primeiro periodo, os dois menores valores sao 1,88 V/Ae 1,96 V /A. Ja para a
segunda faixa, sdo 1,80V /A e 2,16 V /A.

Analogamente, considerou-se os dois maiores valores de K¢g(on) da primeira faixa,
assim como, também, os da segunda faixa. Os dois maiores valores no primeiro periodo sdao

3,93V /Ae 3,78 V/A. Em contraste, no segundo periodo foram 4,17 V/A e 3,47 V / A.
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Além disso, a média aritimética dos valores no primeiro periodo foi 3,01V /A e no
segundo, 2,78 V /A, diminui¢do de 7,78 % em relacdo a primeira faixa.

A partir de tais dados, percebe-se que nao houve uma clara tendéncia a melhora do
pardmetro de tensdo emissor-coletor em condugéo dos dispositivos do item 4.2 (Veggr) <
650V e I > 40A) durante o periodo avaliado, pois, apesar da diminuicdo da média dos valores

de Kcg(on) do segundo periodo, as faixas de valores permanecem aproximadamente constantes.

5.1.3 Dispositivos IGBT’s: V cgggy = 1200V

A Tabela 3 apresenta os valores de tensdo emissor-coletor em conduc¢do para as

referéncias de IGBT’s listadas no item 4.4 (Vegggy = 1200 V), assim como os respectivos
valores K¢g(on) calculados conforme a equagao 1.

Para a avaliacdo a seguir, sdo desconsiderados valores que sejam dispersos em relacao
aos demais. O dispositivo IRG4PH20KD apresenta valor igual a 28,82 V /A que é bastante

superior ao valor mais préximo, que é de 12,17 V /A. Portanto, é desconsiderado na anélise.

Tabela 3 - Tens@o coletor-emissor em condugdo dos IGBT’s com V¢g(gry = 1200V.

A Ic Vceon (t Kce(on Ano de

SLLG Cn (A)(25°C) (V) (z;)cl:?) (V/(A)) publicagdo
IRG4PH50UD 45 2,78 6,18 2002
IRGP20B120UD-E 40 3,05 7,63 2003
IRG4PH40K 30 3,29 10,97 2009
BUP306D 23 2,8 12,17 2010
IXRP15N120 25 2,5 10,00 2010
IRG4PH50U 45 3,2 7,11 2011
IRG4PH40UD 41 2,43 5,93 2012
IRG4PH20KD 11 3,17 28,82 2013
IRGP20B120U-E 40 3,05 7,63 2013
IGW40T120 75 1,8 2,40 2014
IKW40N120H3 80 2,05 2,56 2014
SKW25N120 46 3,1 6,74 2015
IRG7PH35UD1PbF 50 1,9 3,80 2015
FGA15N120AND 24 2,4 10,00 2016
FGA25N120ANTD 50 2 4,00 2016
BUP314 52 2,7 5,19 2016
IKW40N120T2 75 1,75 2,33 2016
IKW40T120 75 1,8 2,40 2016

FGA20N120FTD 40 1,6 4,00 2018
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FGH40T120SMD 80 1,8 2,25 2018
IRG4PH50KDPbF 45 2,77 6,16 2019
IRGPS60B120KD 105 2,33 2,22 2019

Fonte: Préprio autor com base nos datasheets.

Para a andlise da evolucdo do parametro nos IGBT’s, dividiu-se a tabela em dois
periodos. O primeiro periodo compreende os anos de 2002 a 2014 e o segundo entre 2015 e
2019. Para o primeiro periodo, os dois menores valores sao 2,40 V/Ae 2,56 V/A. Ja para a
segunda faixa, sdo 2,22V /A e 2,25V /A.

Do mesmo modo, considerou-se os dois maiores valores da primeira faixa, assim como,
também, os da segunda faixa. Os dois maiores valores no primeiro periodo sdo 12,17V /A e
10,97 V /A. Em contraste, no segundo periodo sdo 10,00V /A e 6,74V /A.

Em adi¢do, a média aritimética dos valores na primeira faixa foi 7,26 V /A, ja na
segunda, 4,46 V /A. Portanto, hd uma queda de cerca de 38,51 % em relacdo a primeira faixa.

A partir dessas andlises, percebe-se que houve uma clara tendéncia a melhora do
parametro, tendo em vista os menores valores apresentados no segundo periodo tanto no limiar
inferior quanto superior dos dados, e a média no segundo periodo ser consideravelmente menor.

Portanto, constata-se que houve uma clara evolu¢ido do parametro de tensdo emissor-

coletor em conduc¢do dos dispositivos do item 4.4 durantre o periodo em questao.

5.2 Perda Total por Comutacio (E7)

Para andlise do parametro, sdo considerados os valores tipicos (typical) de Er dividido
pela corrente I~ dos dispositivos na temperatura de 25 °C. A equacdo 2 apresenta o cdlculo

realizado, onde Kr € o novo pardmetro resultante.

Kr =Er/I¢ (2]

Os valores de K célculados estdo apresentados na quarta coluna das tabelas a seguir.

Como ja descrito em 3.6, E engloba as perdas pelo diodo interno ao encapsulamento
quando ele entra no modo de recuperacao reversa, também definido em 3.6. Portanto, para fins
de comparacdo, sdo considerados apenas os dispositivos que apresentam diodo interno. Nas

tabelas subsequentes, a segunda coluna informa se ha diodo interno ou néo.
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Na anélise dos dados, foram desconsiderados valores de K que estivessem muito
dispersos dos outros valores dos dispositivos da faixa de tempo em andlise e que apresentam

dados em temperatura diferente de 25°C.

5.2.1 Dispositivos IGBT’s: Vcgigry < 650V e I < 404

A tabela 4 a seguir apresenta os parametros de perda total por comutacdo, E7, dos
dispositivos IGBT’s listados no item 4.1 (V¢ggry < 650V ¢ I < 404), assim como 0s
respectivos valores Ky calculados conforme a equagdo 2.

O IGBT HGTP10N40C1D ndo contém informacdes de Er no datasheet e o dispositivo
IRGB4064DPDbF apresenta esse parametro apenas para a temperatura de 175 °C. Portanto, eles
ndo sdo considerados para andlise.

Os IGBT’s IRG4BC20SD e BUP400D apresentam valores de K1 bastante dispersos em
relacdo aos demais, 152,63 uJ/A e 77,27 uJ /A, respectivamente, como pode ser verificado na
Tabela 4. Portanto, ndo sio considerados na anédlise seguinte.

A Tabela 5 apresenta os valores que sdo considerados para a anélise do pardmetro nos

dispositivos com Veggry < 650V € I < 40A.

Tabela 4 - Perdas totais por comutagdo dos IGBT’s com Vg gry < 650V € I; < 40A.

IGBT - . Ic Et Ano de
Referéncia Diodo (A) (25 °C) (1) (typ) Kt (W/A) publica¢ao
HGTP3N60C3D Sim 6 330 55,00 1998
HGTP7N60C3D Sim 14 765 54,64 2000
IRG4PC40U Ndo 40 670 16,75 2001
IRG4BC30UD Sim 23 540 23,48 2001
IRGBC40U Ndo 40 750 18,75 2001
IRG4PC40W Nado 40 340 8,50 2002
IRG4PC30W Ndo 23 260 11,30 2002
IRG4BC30U Ndo 23 360 15,65 2005
IRG4BC15UD Sim 14 500 35,71 2006
IRGB20B60PD1 Sim 40 195 4,88 2008
IRG4BC10KD Sim 9 390 43,33 2008
IRG4BC20UD Sim 13 290 22,31 2009
IRGP20B60PD Sim 40 315 7,88 2009
IRG4BC20SD Sim 19 2900 152,63 2010
IGP15N60T Nao 30 570 19,00 2011
IRG4PC40UD Sim 40 1060 26,50 2011
FGH20N60SFD Sim 40 530 13,25 2014

HGTP10N40C1D Sim 17,5 - - 2014
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IRGB4064DPbF Sim 20 415 (175°C) 20,75 2015
IRG4PC30UD Sim 23 540 23,48 2015
BUP400D Sim 22 1700 77,27 2015
FGP20N60UFD Sim 40 640 16,00 2016
HGTG7N60A4D Sim 34 180 5,29 2017
IKW20N60T Sim 40 770 19,25 2019

Fonte: Préprio autor com base nos datasheets.

Em 3.6, apresentou-se o parametro E7 como sendo a perda total de energia da chave de
poténcia durante comutacao e, por consequéncia, a soma das perdas por entrada em condugdo,
Eon, € as perdas bloqueio, Eygg. Portanto, quanto menor for esse parametro, mais eficiente serad
a conversao, principalmente, para dispositivos que operam em frequéncias mais elevadas. Tal
fato, se aplica também a K7, pois ele € diretamente proporcional a Er.

Considere os dois menores valores de K7, na Tabela 5, que aparecem pelo menos uma
vez, no periodo entre 1998 e 2009 e os dois menores valores entre 2010 e 2019. No primeiro
periodo, os dois menores valores foram 4,88 /A e 7,88 uJ /A. Ja no segundo periodo, tem-se
os valores de 5,29 uJ/A e 13,25 uj/A.

Agora, segue a mesma andlise, porém, para os dois maiores valores de Ky para cada
periodo. Na primeira faixa de tempo, os dois maiores valores foram 55,00 pJ /A e 54,64 uJ/A.
Em contrapartida, os valores da segunda faixa foram 26,50 uJ/A e 23,48 uj/A.

A média aritimética dos valores de K; na primeira faixa foi aproximadamente
30,90 uJ/A e na segunda faixa, 17,30 /A, diminuicdo de 44,04 % em relacdo a primeira
faixa.

Com esse dados, € possivel constatar que os dispositivos mais eficientes se tornaram
mais comumente utilizados com o decorrer dos anos, ja que a média da segunda faixa é menor.
Na primeira faixa, porém, percebe-se que em 2008 e 2009 dois transistores (IRGB20B60PD1
e IRGP20B60PD) se destacam por baixo valor do parametro em andlise. Porém, ndo se consta
o0 mesmo decréscimo nos valores nos anos seguintes. Isso indica que houve um aprimoramento

das perdas de comutacdo nos dispositivos da década de 2000.

Tabela 5 - Perdas totais por comutagéo dos IGBT’s analisados com Veggry < 650V e I <

40A.
IGBT - . Ic Et Ano de
Referéncia Diodo (A) (25 °C) (W) (typ) ) publica¢ao
HGTP3N60C3D Sim 6 330 55,00 1998

HGTP7N60C3D Sim 14 765 54,64 2000
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IRG4BC30UD Sim 23 540 23,48 2001
IRG4BC15UD Sim 14 500 35,71 2006
IRGB20B60PD1 Sim 40 195 4,88 2008
IRG4BC10KD Sim 9 390 43,33 2008
IRG4BC20UD Sim 13 290 22,31 2009
IRGP20B60PD Sim 40 315 7,88 2009
IRG4PC40UD Sim 40 1060 26,50 2011
FGH20N60SFD Sim 40 530 13,25 2014
IRG4PC30UD Sim 23 540 23,48 2015
FGP20N60UFD Sim 40 640 16,00 2016
HGTG7N60A4D Sim 34 180 5,29 2017
IKW20N60T Sim 40 770 19,25 2019

Fonte: Préprio autor com base nos datasheets.

5.2.2 Dispositivos IGBT’s: V cgigry < 650V e I¢ > 404

A Tabela 6 apresenta os valores de perdas totais por comutagdo para as referéncias de
IGBT’s listadas no item 4.2 (Vg gry < 650V € I > 40A), assim como os respectivos valores
K calculados conforme a equacio 2.

Tabela 6 - Perdas totais por comutagdo dos IGBT’s com Vg ggy < 650V e I > 40A.

IGBT - . Ic Et Ano de
Referéncia Rloce (A) (25 °C) (1) (typ) Kt (w)/A) publicagao
IRG4PSC71U Nao 85 2410 28,35 2001
IRG4PC50UD Sim 55 1580 28,73 2002
IRG4PC50W N3o 55 400 7,27 2004
IRG4PSC71UD Sim 85 5530 65,06 2007
IRG4PC50KD Sim 52 2450 47,12 2008
IRGP50B60PD1 Sim 75 630 8,40 2008
IRG4PC40FD Sim 49 2960 60,41 2009
APT30GT60BRD Sim 55 1700 (150°C) = 30,91(150°C) 2009
APT15GP60BDF1 Sim 56 251 4,48 2009
IRGP30B60KD-E Sim 60 1175 19,58 2010
IKW75N60T Sim 80 4500 56,25 2010
IGW30N60T Néo 60 1460 24,33 2011
IRGPC40S Nao 50 13000 260,00 2012
STGW35HF60WD Sim 60 475 7,92 2012
IRGP50B60PD Sim 75 940 12,53 2012
IKW30N60T Sim 60 1460 24,33 2014
SGH8ON60UFD Sim 80 1160 14,50 2016
IRGP50B60PD1PBF Sim 75 630 8,40 2017

IXGH72N60A3 Nao 75 4880 65,07 2017
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IRG4PC40K Nao 42 950 22,62 2018
IRGPC40F Nao 49 3650 74,49 2018
IKP4ONG65F5 Sim 74 460 6,22 2020

Fonte: Préprio autor com base nos datasheets.

Para a andlise a seguir, os dados da Tabela 7 sdo divididos em duas faixas: a primeira
de 2002 a 2009 e a segunda 2010 a 2020. As faixas foram escolhidas de modo a dividir os dados
em quantidades semelhantes por faixa.

Da mesma forma que no caso anterior, para verificacao da evolu¢ao do parametro nos
IGBT’s, toma-se os dois menores valores de Ky para o primeiro periodo e para o segundo
periodo. Para a primeira faixa, os dois menores valores sdo 4,88 u//A e 8,40 uJ/A. Ja para a
segunda faixa, sdo 6,22 uj/A e 7,92 uJ/A.

Analogamente, considerou-se os dois maiores valores de Ky da primeira faixa, assim
como, também, os da segunda faixa. Os dois maiores valores no primeiro periodo sdo
65,06 uJ/A e 60,41 pj/A. Em contraste, no segundo periodo foram 56,25 pj/A e 24,33 pJ /A.

Além disso, a média aritimética dos valores de K no primeiro periodo foi 35,70 uJ /A
e no segundo, 18,72 uJ /A, diminuicio de 47,6 % em relacdo a primeira faixa.

A partir de tais dados, percebe-se que assim como no caso anterior, houve uma clara
melhora nas perdas de comutagdo nos anos de 2008 e 2009 (IRGP50B60PDI e
APT15GP60BDF1) em comparagdo a anos prévios. Isso indica, assim como na andlise anterior,
que nos anos 2000 ocorreu uma diminuicdo das perdas por comutacdo de dispositivos de
IGBT’s da categoria em estudo. A diminuicdo da média foi bastante significativa, o que indica

0 aumento do uso de transistores mais eficientes ao longo dos anos.

Tabela 7 - Perdas totais por comutagéo dos IGBT’s analisados com V¢gggy < 650V e I >

40A.
IGBT - . Ic Et Ano de
Referéncia Diodo (A) (25 °C) (1) (typ) OMLEY publica¢ao

IRG4PC50UD Sim 55 1580 28,73 2002
IRG4PSC71UD Sim 85 5530 65,06 2007
IRG4PC50KD Sim 52 2450 47,12 2008
IRGP50B60PD1 Sim 75 630 8,40 2008
IRG4PC40FD Sim 49 2960 60,41 2009
APT15GP60BDF1 Sim 56 251 4,48 2009
IRGP30B60KD-E Sim 60 1175 19,58 2010
IKW75N60T Sim 80 4500 56,25 2010

STGW35HF60WD Sim 60 475 7,92 2012
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IRGP50B60PD Sim 75 940 12,53 2012
IKW30N60T Sim 60 1460 24,33 2014
SGH80N60UFD Sim 80 1160 14,50 2016
IRGP50B60PD1PBF Sim 75 630 8,40 2017
IKP4ONG65F5 Sim 74 460 6,22 2020

Fonte: Préprio autor com base nos datasheets.

5.2.3 Dispositivos IGBT’s: V cgggy = 1200V

A Tabela 8 apresenta os valores de perda total por comutacdo para as referéncias de
IGBT’s listadas no item 4.4. Para as comparacdes, sdo considerados os valores de perda total
tipicos (typical) dos dispositivos, na temperatura de 25°C, sobre a corrente. Tais dados estdao
dispostos na quarta coluna.

Os transistores que foram excluidos somente por apresentarem valores dispersos sao:
FGA15N120AND, IRG4PH50KDPbF e FGA25N120ANTD. Os dados de K para esses
dispositivos foram 161,25 uJ /A, 127,33 uJ/A e 101,20 puj /A, respectivamente.

Tabela 8 - Perdas totais por comutagdo IGBT’s com Vg gy = 1200V

IGBT - . Ic Et Ano de
Referéncia Diodo (A) (25 °C) (1) (typ) Kt (W/A) publica¢do
IRG4PH50UD Sim 45 3600 80,00 2002
IRGP20B120UD-E Sim 40 1275 31,88 2003
IRG4PH40K Nao 30 1260 42,00 2009
BUP306D Sim 23 - - 2010
IXRP15N120 Sim 25 3100 (125°C) 124,00 (125°C) 2010
IRG4PH50U Nao 45 1940 43,11 2011
IRG4PH40UD Sim 41 3730 90,98 2012
IRG4PH20KD Sim 11 920 83,64 2013
IRGP20B120U-E Nao 40 1960 49,00 2013
IGW40T120 Nao 75 6500 86,67 2014
IKW40N120H3 Sim 80 4400 55,00 2014
SKW25N120 Sim 46 3700 80,43 2015
IRG7PH35UD1PbF Nao 50 - - 2015
FGA15N120AND Sim 24 3870 161,25 2016
FGA25N120ANTD Sim 50 5060 101,20 2016
BUP314 Nao 52 8250 (125°C) = 158,65 (125°C) 2016
IKW40N120T2 Sim 75 5250 70,00 2016
IKW40T120 Sim 75 6500 86,67 2016
FGA20N120FTD Sim 40 1130 28,25 2018

FGH40T120SMD Sim 80 3800 47,50 2018
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IRG4PH50KDPbF Sim 45 5730 127,33 2019
IRGPS60B120KD Sim 105 7997 76,16 2019

Fonte: Préprio autor com base nos datasheets.

A Tabela 9 apresenta os dispositivos da Tabela 8 que foram efetivamente utilizados na
andlise feita.

Para a andlise a seguir, os dados da Tabela 9 sdo divididos em duas faixas: a primeira
de 2002 a 2015 e a segunda 2016 a 2019. As faixas foram escolhidas de modo a dividir os dados
em quantidades semelhantes por faixa.

Da mesma forma que no caso anterior, para verificagdo da evolugdo do parametro nos
IGBT’s, toma-se os dois menores valores de Ky para o primeiro periodo e para o segundo
periodo. Para o primeiro periodo, os dois menores valores sdo 31,88 uJ/A e 55,00 uJ/A. J&
para a segunda faixa, sdo 28,25 uJ/A e 47,50 uJ /A.

Analogamente, considerou-se os dois maiores valores de Kr da primeira faixa e,
também, os da segunda faixa. Os dois maiores valores no primeiro periodo sao 90,98 uj/A e
83,64 uJ/A. Em contraste, no segundo periodo foram 86,67 u//Ae 76,16 uj/A.

Além disso, a média aritimética dos valores de K7 no primeiro periodo foi 70,32 uJ /A
e no segundo, 61,72 uJ /A, diminuicdo de 12,2 % em relag¢do a primeira faixa.

A partir de tais dados, percebe-se que houve uma clara melhora nos parametros, apesar

de ndo ter sido tao grande a evolugdo dos limites de cada faixa.

Tabela 9 - Perdas totais por comutagdo dos IGBT’s analisados com Vg gy = 1200V

IGBT - . Ic Et Ano de
Referéncia Rloce (A) (25 °C) (1) (typ) Et/lc (W/A) publicagao
IRG4PH50UD Sim 45 3600 80,00 2002
IRGP20B120UD-E Sim 40 1275 31,88 2003
IRG4PH40UD Sim 41 3730 90,98 2012
IRG4PH20KD Sim 11 920 83,64 2013
IKW40N120H3 Sim 80 4400 55,00 2014
SKW25N120 Sim 46 3700 80,43 2015
IKW40N120T2 Sim 75 5250 70,00 2016
IKW40T120 Sim 75 6500 86,67 2016
FGA20N120FTD Sim 40 1130 28,25 2018
FGH40T120SMD Sim 80 3800 47,50 2018
IRGPS60B120KD Sim 105 7997 76,16 2019

Fonte: Préprio autor com base nos datasheets.
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6 EVOLUCAO DE PRECOS DE MOSFET’s NO MERCADO LOCAL - 2019 A 2022

O estudo a seguir leva em considera¢do o desenvolvimento dos pregcos de MOSFET’s
no mercado local ao longo dos dltimos quatro anos, tomando tabelas de preco para a andlise. A
andlise consistird em comparar o crescimento dos precos dos semicondutores ao crescimento
da cotacdo do ddlar no mesmo periodo avaliado. A tabela de precos foi retirada de uma
distribuidora de componentes eletronicos chamada COMPIMEX, sediada em Fortaleza, CE.

Foram considerados sete dispositivos MOSFET para o estudo. A Tabela 10 apresenta

tais dispositivos e seus principais parametros.

Tabela 10 - MOSFET’s para anélise de precos.

Referéncias

oSFET Fabricante  VDSS(V)  ID(A)(100°C)  ID(A)(25°C)  RDSon (OHM)

IRFsqoN  "ternational 100 23 25 0,040
Rectifier

IRFeaoN  '"ternational 200 13 18 0,15
Rectifier

IRF840 LI EIEIEL 500 5,1 8.0 0,85
Rectifier

IRF1404  mternational 40 75 75 0,004
Rectifier

IRFPagoN  "ternational 500 13 20 0,24
Rectifier

IRFB4227  'Mternational 200 46 65 0,024
Rectifier

IRFzagn  '"ternational 55 45 64 0,014
Rectifier

Fonte: Préprio autor com base nos datasheets.

As Tabelas 11 e 12 mostram o desenvolvimento de pregos unitdrios dos transistores
MOSFET ao longo do periodo entre 2019 e 2022. Na Tabela 12, os dados que estam marcados
com asterisco foram estimados, devido a ausencia do dado nas tabelas de precos no periodo. Os
valores foram estimados linearmente com base nos dados mais préximos e no periodo de tempo

decorrido, segundo a equagao 3.

T
Vestimapo = Va + (Vg — Vy) '% (3]

Onde,

Vestimapo — Valor a ser estimado;
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V4 — Valor do periodo A, imediatamente anterior ao periodo do valor estimado;
Vg - Valor do periodo B, imediatamente posterior ao periodo do valor estimado;
Tg4 — Periodo entre valor anterior e valor estimado;

T,p — Periodo entre valor anterior e valor posterior.

Tabela 11 - Precos unitarios dos MOSFET’s em 2019 e 2020.

. Preco Preco Preco Preco Preco

Referéncias
MOSEET Unitario Unitario Unitario Unitario Unitario
(mai/19) (ago/19) (nov/19) (fev/20) (set/20)
IRF540N RS 2,00 RS 2,80 RS 2,35 RS 2,35 RS 3,60
IRF640N RS 2,30 RS 2,75 RS 2,75 RS 2,75 RS 3,75
IRF840 RS 3,35 RS 3,35 RS 3,70 RS 3,65 RS 4,50
IRF1404 RS 5,75 RS 5,75 RS 5,50 RS 5,50 RS 6,95
IRFP460N RS 11,60 RS 15,60 RS 15,60 RS 15,60 RS 16,95
IRFB4227 RS 11,80 RS 13,60 RS 13,60 RS 10,45 RS 12,80
IRFZ48N RS 2,80 RS 2,80 RS 2,80 RS 2,80 RS 3,90
Pre“;;':ltam R$ 39,60 RS 46,65 RS 46,30 R$ 43,10 R$ 52,45

Fonte: Préprio autor com base nas tabelas de pregos.

Tabela 12 - Pregos unitarios dos MOSFET’s em 2021 e 2022.

N Preco Preco Preco Preco Preco

Referéncias
MOSEET Unitario Unitario Unitario Unitario Unitario
(mar/21) (ago/21) (nov/21) (mai/22) (nov/22)
IRF540N RS 3,70 RS 4,40 RS 4,40 RS 3,65 RS 3,30
IRF640N RS 3,50 RS 3,50 RS 4,28 * RS 5,25 RS 5,25
IRF840 RS 4,50 RS 4,50 RS 4,15 RS 4,15 RS 6,40
IRF1404 RS 8,20 RS 8,20 RS 8,20 RS$ 9,50 RS 8,35
IRFP460N RS 16,95 RS 16,95 RS 20,15 * RS 24,15 RS 24,15
IRFB4227 RS 13,35 RS 13,35 RS 13,35 RS 18,75 * RS 24,15
IRFZ48N RS 3,60 RS 3,60 RS 4,65 RS 4,85 RS 3,50
Preg?;:'ltam RS 53,80 RS 54,50 RS 59,18 RS 70,30 RS 75,10

(*) - Valor estimado

Fonte: Préprio autor com base nas tabelas de pregos.

Pelas Tabelas 11 e 12, verifica-se que houve um aumento no final do ano de 2019 em
relacdo ao inicio, saindo de R$ 39,60, em maio de 2019, para R$ 46,65, em agosto de 2019, e
permaneceu-se aproximadamente constante até fevereiro de 2020. Esse aumento foi de cerca

de 17,8 %. Entre fevereiro de 2020 e setembro de 2020, houve um aumento de R$ 43,10 para
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R$ 52,45, cerca de 21,7 %. Entre setembro de 2020 e novembro de 2021, houve um aumento
de 12,8 %. Entre novembro de 2021 e maio de 2022, houve uma elevacdo de precos de
R$ 59,18 para R$ 70,30, que corresponde a 18,8 % de diferenca. De maio de 2022 a novembro
de 2022 houve uma varia¢do percentual positiva de 6,82 %. Desde o primeiro periodo houve
aumento médio de 89, 6 % nos precos.

O Griéfico 1 ilustra o desenvolvimento dos precos dos MOSFET’s ao longo dos tltimos

anos e dd uma nog¢do das propor¢des dos aumentos.

Grifico 1 - Desenvolvimento dos precos de MOSFET’s entre 2019 e 2022.
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Fonte: Préprio autor com base nas tabelas de pregos.

A Tabela 13 apresenta o valor da soma dos precos unitarios dos dispositivos MOSFET’s
para cada periodo registrado, além apresentar a variacao percentual total ao final entre maio de

2019 e novembro de 2022.



Tabela 13 - Pregos unitérios totais dos MOSFET’s entre 2019 e 2022.

Periodo

mai/19
ago/19
nov/19
fev/20
set/20
mar/21
ago/21
nov/21
mai/22
nov/22

Variagao Percentual
Total

Preco
Unitario
Total (RS)

39,60
46,65
46,30
43,10
52,45
53,80
54,50
59,18
70,30
75,10

Variagcao em
relagdo ao
periodo anterior
(%)
17,80
-0,75
-6,91
21,69
2,57
1,30
8,58
18,79
6,83

89,65

Fonte: Préprio autor com base nas tabelas de pregos.
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A Tabela 14, apresenta a cotagdo do ddlar em reais desde maio de 2019 até novembro

de 2022, assim como a variagdo percentual de cada periodo em relagdo ao periodo anterior € no

final da tabela a variacdo percentual total da cotacdo do ddlar entre maio de 2019 e novembro

de 2022.

Tabela 14 - Cotagdo dolar em reais de 2019 a 2022.

Més/Ano Cotacdo délar (RS)

mai/19
ago/19
nov/19
fev/20
set/20
mar/21
ago/21
nov/21
mai/22
nov/22

Variagao Percentual Total

RS 3,78
RS 3,83
RS 3,98
RS 4,25
RS 5,36
RS 5,58
RS 5,14
RS 5,67
RS 5,03
RS 5,15

Variacao em
relagdo ao periodo
anterior (%)

1,32
3,92
6,78
26,12
4,10
-7,89
10,31
-11,29
2,39
36,24

Fonte: Préprio autor com base em dados do IPEA.
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Verifica-se, pela Tabela 14 que a maior variacdo do preco do délar foi de 26,12 %. Em
contraste, na Tabela 13, para o mesmo periodo, o preco unitdrio total variou cerca de 21,7 %,
que também foi a maior variagdo entre periodos consecutivos. Constata-se que ambas variagdes
se deram em magnitudes semelhantes.

No mesmo periodo da segunda maior variagdo positiva do délar, 10,3 %, que ocorreu
entre agosto de 2021 e novembro de 2021, observou-se que o aumento dos precos unitarios
totais foi de 8,6 %.

Porém, em variacdes negativas, os dois parametros se comportam de maneira diferente.
Entre novembro de 2021 e maio de 2022, o ddlar caiu cerca de 11,3 %. Entretanto, os precos
unitdrios totais subiram 18,8 % para o mesmo periodo.

Além disso, o aumento do preco do ddlar para todo o periodo foi de 36,2 %, ja para os
preco unitdrios totais foi de 89,6 %.

Tais fatos indicam dependéncia entre os fatores, porém, também demonstram que
houveram outros fortes fatores que influenciaram o aumento dos precos dos semicondutores.
Fatores esses como a escassez global de semicondutores, que j4 foi discutida anteriormente
neste trabalho.

O Griéfico 2 ilustra a evolugdo da cotacdao do ddlar em reais entre 2019 e 2022, dando

uma nocao das propor¢des das variacoes.



RS 6,00
RS 5,50
RS 5,00
RS 4,50
RS 4,00
RS 3,50
RS 3,00
RS 2,50
RS 2,00
RS 1,50
RS 1,00
RS 0,50
RS 0,00

<&

Grifico 2 - Desenvolvimento da cotagdo do ddlar entre 2019 e 2022.
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7 CONCLUSAO

A andlise da evolucao de especificagdes de dispositivos IGBT’s discretos de trabalhos
académicos ao longo das duas ultimas décadas obteve resultados interessantes e satisfatorios.
Os pardmetros analisados foram a tensdo emissor-coletor em condugéo, Vegon) € as perdas
totais por comutacao dos transistores, Er.

Em ambos os parametros, devido a influéncia da corrente I dos transistores,
considerou-se necessdrio dividi-los pela corrente de coletor nominal a fim de diminuir a
influencia da variag¢@o de corrente entre os dispositivos, resultando nos pardmetros Kcgon) €
Kr.

Para dispositivos com tensdo Vcggry < 650V e corrente I < 40 A, o pardmetro
(VcEe(ony)»> ndo apresentou aprimoramento significativo ao longo dos anos, apesar da redugao da
média do valores em 4,64 %. Tal conclusdo ocorre devido ao fato que a faixa de valores de
K¢E(on) permanece praticamente inalterada ao longo das duas décadas.

Ainda para os mesmos niveis de tensdo e corrente, mas, em relacdo ao parametro (E7),
a andlise dos dados revelou que houve um aprimoramento do parametro na década de 2000,
pois percebe-se uma diminui¢do significativa dos valores de K nos anos de 2008 e 2009.
Entretanto, ndo observou-se melhora consideravel na década de 2010.

Para dispositivos com tensdo Vggggry < 650V e corrente Ic > 40 A, o pardmetro
(Vceony)» néo teve melhora significativa, assim como na categoria anterior. Apesar da

diminui¢do da média em cerca de 7,8 %, as faixas permaneceram praticamente inalteradas.

Considerando ainda as mesmas faixas de tensdo e corrente, o parametro E7 apresentou
resultados semelhantes ao ocorrido para os dispositivos do caso anterior. Observou-se uma
diminui¢do significativa de Ky nos anos de 2008 e 2009. O que indica que houve uma evolugao
na década de 2000. Nao se constatou evolugdo significativa da especificagdo durante a década
de 2010.

Dispositivos que operam em até 1,2 kV de tensdo de bloqueio apresentaram notorio
aprimoramento da tensdo em condugdo entre a década de 2000 e 2010. As faixas de valores de
Kceony, apresentaram diminuic@o e a média teve um decréscimo consideravel de 38,5 %.

J4 em relacdo as perdas de comutagdo, houve também um aprimoramento da
especificacdo, ja que as faixas de valores de K e a média cairam do primeiro para o segundo

periodo de tempo.
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Os IGBT’s compilados de 1,2 kV de tensdao foram em sua maioria de trabalhos
académicos da década de 2010, o que limitou a andlise. Ainda assim, os resultados sdao
considerados satisfatorios.

Em todas as andlises, houve reducdo da média dos valores do segundo periodo em
relacdo ao primeiro. Nos casos em que as faixas de valores permaneceram constantes, tal
reduc¢do indica o aumento do uso de transistores mais eficientes e, consequentemente, que tais
dispositivos se tornaram mais acessiveis no decorrer dos anos.

Os resultados apresentados mostra que dispositivos IGBT’s com tensdes de bloqueio
maiores (1,2 kV) apresentaram maior evolu¢gdo dos parametros analisados em comparagdo a
dispositivos com tensdes menores. Tal conclusdo € similar a feita por Takata (1996), onde,
constatou-se que os dispositivos IGBT’s da época haviam quase alcancado um estado de
maturidade em baixas tensoes.

Em relacdo a anélise dos precos de MOSFETsS, observou-se que a evolugio dos precos
se deu de forma similar ao preco do dolar para variagdes positivas deste. Entretanto, em
variagdes negativas da cotacdo do ddlar, os precos dos dispositivos continuaram a crescer de
forma considerdvel. O aumento dos precos dos MOSFET’s para o periodo analisado foi de
89,6 %. Em contraste, o aumento da cotacao do ddlar para o mesmo periodo foi de 36,2 %.

Tal andlise indica que héd relacio entre o preco do ddlar e dos dispositivos
semicondutores, apesar de que ndo € o fator mais determinante. Como discutido anteriormente,
o principal fator no aumento dos precos de semicondutores foi a escassez global de chips

eletronicos decorrentes dos efeitos da pandemia da COVID-19.

7.1 Trabalhos Futuros

Para trabalhos futuros, sugere-se a andlise mais aprofundada do fato de ndo se haver
tantos transistores IGBT’s de tensdo de 1,2 kV em trabalhos académicos antes da década de
2010, investigando o desenvolvimento das aplicacdes de tensao dos dispositivos IGBT’s nas
ultimas duas décadas e descrevendo as novas tecnologias por tras delas.

Recomenda-se, ainda, a andlise mais aprofundada do desenvolvimento dos precos de
dispositivos semicondutores de poténcia, como IGBT’s, MOSFET’s e tiristores, comparando
informacdes de precos de multiplos distribuidores locais e/ou nacionais para investigacao mais

ampla.
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Qe Gate - Collector Charge {turn-on) — | 53 | B0 Vise =18V
taiorn Tum-On Delay Time — | 28 |—
tr Rize Time — | 268 |— s Ti=25°C
taim Turn-Off Delay Time — | 110 (170 lg=28A, Voo =720V
e Fall Time — | 150 [ 220 Wee =15V, Rg =500
Ean Turn-On Switching Loss — 019 | — Energy losses include "tail"
Eoff Turn-Off Switching Loss — | 108 m.J | See Fig. 10, 11,13, 14
Ets Total Switching Loss — | 12517
taon Tum-On Delay Time — | 28 |— T,=1580°C,
t Rize Time — | 26 |— s lg = 28A, Voo = 720V
tipm Turn-Off Delay Time — | 280 | — YWee =15V, Rg =500
s Fall Time — | 20 |— Energy losses include “tail"
Ets Total Switching Loss — 345 | — | mJ | See Fig. 13, 14
Le Internal Emitter Inductance — | 13 |— | nH | Measured Smm from package
Cies Input Capacitance — |3300 | — Wige =0
Coes Output Capacitance — | 200 |— | pF | Yoo =30W See Fig. 7
Cres Reverse Transfer Capacitance — | 45 |— f=10MHz
Notes:
O Repetitive rating; Vgg = 20, pulse width limited by

max. junction temperature. ( See fig. 13b )

@

VCC = 80%(VCES)' VGE = 20‘\", L= 1OUH, RG = SO.Q.,

(See fig 13a)

Repetitive rating; pulse width limited by maximum

junction temperature.

-

@ Pulse width = 80ps; duty factor < 0.1%.

& Pulse width 5.0us, single shot.

www.irf.com
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IRG4PF50WD

International

TIGR Rectifier
INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DIODE

Features ¢

» Optimized for use in Welding and Switch-Mode

Power Supply applications

Industry benchmark switching losses improve

efficiency of all power supply topologies

50% reduction of Eoff parameter

» Low IGBT conduction losses

Latest technology IGBT design offers tighter

parameter distribution coupled with

exceptional reliability

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in
bridge configurations

« Industry standard TO-247AC package

Benefits
* Lower switching losses allow more cost-effective

operation and hence efficient replacement of larger-die
MOSFETSs up to 100kHz
« HEXFRED™ diodes optimized for performance with IGBTSs.

Vces = 900V

G VCE(on) typ. = 2.25V

E @VgE = 15V, Ig = 28A
n-channel

Minimized recovery characteristics reduce noise, EMI and T0-247AC
switching losses
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Breakdown Voltage 900 Vv
lc @ T¢c =25°C Continuous Collector Current 51
lc @ Tc =100°C | Continuous Collector Current 28 A
lom Pulsed Collector Current @ 204
ILm Clamped Inductive Load Current @ 204
IF@ Tc =100°C Diode Continuous Forward Current 16
Irm Diode Maximum Forward Current 204
VGE Gate-to-Emitter Voltage +20 \
Pp @ T¢ =25°C Maximum Power Dissipation 200 W
Pp @ Tc = 100°C | Maximum Power Dissipation 78
Ty Operating Junction and -55 to + 150
Tstg Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min Typ. Max. Units
ReJc Junction-to-Case - IGBT — — 0.64
ReJc Junction-to-Case - Diode —_ —_ 0.83 °C/W
Recs Case-to-Sink, flat, greased surface —_— 0.24 —_—
Reua Junction-to-Ambient, typical socket mount _ —_ 40
Wit Weight — 6 (0.21) — g (02)

www.irf.com




IRG4PF50WD

International

TSR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® | 900 | — — \% Vge = 0V, Ic = 250pA
AV@rices/AT, | Temperature Coeff. of Breakdown Voltage | — ]0.295| — | V/°C | Vge = 0V, Ic = 3.5mA
VcE(on) Collector-to-Emitter Saturation Voltage — |225]| 2.7 Ic = 28A Vge = 15V
— 274 — \ Ic = 60A See Fig. 2,5
— 212 — Ic =28A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 Vce = VaE, Ic = 250pA
AVGe@h)/ATy | Temperature Coeff. of Threshold Voltage — | -18 | — |mV/°C| Vce = Vag, Ic = 250pA
Ofe Forward Transconductance @ 26 | 39 — S Vce =50V, Ic = 28A
Ices Zero Gate Voltage Collector Current — | — [ 500 | pA | Vge =0V, Vce = 900V
— — | 2.0 Vge =0V, Vce =10V, Ty = 25°C
— | — | 65 | mA | Vge=0V, Vce =900V, Ty =150°C
VEm Diode Forward Voltage Drop — | 25 | 385 \ Ic =16A See Fig. 13
— | 21| 30 Ic =16A, Ty = 150°C
IcES Gate-to-Emitter Leakage Current — — [+£100| nA | Vg =+20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ.| Max. | Units Conditions
Qq Total Gate Charge (turn-on) — [ 160 | 240 Ic =28A
Qge Gate - Emitter Charge (turn-on) — | 19 | 29 nC | Vcc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — | 53 | 80 Vge = 15V
td(on) Turn-On Delay Time — | 7 — Ty=25°C
tr Rise Time — | 50 — ns | Ig=28A, Vgc = 720V
ta(oft) Turn-Off Delay Time — | 150 | 220 Vge = 15V, Rg = 5.0Q
t Fall Time — | 110 | 170 Energy losses include "tail" and
Eon Turn-On Switching Loss — |2.63| — diode reverse recovery.
Eoft Turn-Off Switching Loss — | 1.34| — mJ | See Fig. 9, 10, 18
Eis Total Switching Loss — |3.97| 53
td(on) Turn-On Delay Time — | 69 | — Ty=150°C, See Fig. 11,18
tr Rise Time — | 52 — ns | Igc=28A, Vgc =720V
td(off) Turn-Off Delay Time — | 270 | — Vge = 15V, Rg = 5.0Q
t Fall Time — [ 190 | — Energy losses include "tail" and
Eis Total Switching Loss — | 6.0 | — mdJ | diode reverse recovery.
Le Internal Emitter Inductance — | 13 | — nH | Measured 5mm from package
Cies Input Capacitance — 13300 — Vge = 0V
Coes Output Capacitance — | 200 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 45 | — f =1.0MHz
tr Diode Reverse Recovery Time — | 90 | 135 ns | Ty=25°C See Fig.
— | 164 | 245 Ty=125°C 14 Ir=16A
I Diode Peak Reverse Recovery Current | — | 5.8 | 10 A | Ty=25°C See Fig.
— | 83| 15 Ty=125°C 15 VR = 200V
Qi Diode Reverse Recovery Charge — | 260 | 675 | nC | Ty=25°C See Fig.
— | 680 | 1838 Ty=125°C 16 |di/dt = 200A/us
di(rec)m/dt Diode Peak Rate of Fall of Recovery — [ 120 | — | Alus | Ty=25°C See Fig.
During tp — | 76 | — Ty=125°C 17
2 www.irf.com




International PD - 916578

IR Rectifier IRG4PC50W

INSULATED GATE BIPOLAR TRANSISTOR

Features c

¢ Designed expressly for Switch-Mode Power Vv _ Vv
Supply and PFC (power factor correction) ces =600
applications

e Industry-benchmark switching losses improve o VCE(on) max. = 2.30V

efficiency of all power supply topologies
* 50% reduction of Eoff parameter

Vge = 15V, Ic = 27A
e Low IGBT conduction losses E @Vee =15V, lc
» Latest-generation IGBT design and construction offers n-channel
tighter parameters distribution, exceptional reliability
Benefits

* Lower switching losses allow more cost-effective
operation than power MOSFETSs up to 150 kHz
("hard switched" mode)

* Of particular benefit to single-ended converters and
boost PFC topologies 150W and higher

* Low conduction losses and minimal minority-carrier
recombination make these an excellent option for
resonant mode switching as well (up to >300 kHz)

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Breakdown Voltage 600 \Y
Ic @ Tc =25°C Continuous Collector Current 55

Ic @ Tc =100°C | Continuous Collector Current 27 A
lcm Pulsed Collector Current ® 220

ILm Clamped Inductive Load Current @ 220

VGE Gate-to-Emitter Voltage +20 \'%
EaRv Reverse Voltage Avalanche Energy ® 170 mJ
Pp @ Tgc =25°C Maximum Power Dissipation 200 W
Pp @ Tc =100°C| Maximum Power Dissipation 78

Ty Operating Junction and -565 to + 150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units

Resc Junction-to-Case _— 0.64

Recs Case-to-Sink, Flat, Greased Surface 0.24 _— °C/W
Roua Junction-to-Ambient, typical socket mount —_— 40

Wt Weight 6 (0.21) —_— g (0z)
www.irf.com 1
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International

IRG4PC50W TR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage 600 | — — \' Vge =0V, Ic = 250pA
V(BR)CES Emitter-to-Collector Breakdown Voltage @ | 18 — — \' Vge=0V, Ic=1.0A
AV@rices/ATy | Temperature Coeff. of Breakdown Voltage | — |0.41 | — | V/°C| Vgg =0V, Ic =5.0mA
— 193] 23 Ic=27A Vge = 15V
Vceon) Collector-to-Emitter Saturation Voltage — |225 | — v Ic =55A See Fig.2, 5
— 171 | — Ic =27A,T,=150°C
VGE(th) Gate Threshold Voltage 30 | — | 6.0 Vce = VGE, Ic = 250pA
AVGe(thy/ATy | Temperature Coeff. of Threshold Voltage — |11 | — |mV/°C Vce=Veag Ic=1.0mA
Ofe Forward Transconductance ® 27 4 — S Vce= 100V, Ic =27A
IcEs Zero Gate Voltage Collector Current — | — |20 pA Vae = 0V, Vee = 600V
— — 2.0 Vge =0V, Ve =10V, Ty =25°C
— — | 5000 Ve =0V, Vce = 600V, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |x100 | nA | Vge=+20V

Switching Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. [Max. | Units Conditions

Qg Total Gate Charge (turn-on) — | 180 | 270 Ic =27A

Qge Gate - Emitter Charge (turn-on) — | 24 | 36 nC | Vcc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — | 63 | 95 Vge = 15V

td(on) Turn-On Delay Time — | 46 | —

tr Rise Time — | 33 | — ns Ty=25°C

ta(off) Turn-Off Delay Time — | 120 | 180 Ic = 27A, Ve = 480V

tf Fall Time — 57 86 Vge = 15V, Rg = 5.0Q

Eon Turn-On Switching Loss — 10.08 | — Energy losses include "tail"
Eoff Turn-Off Switching Loss — 1032 | — mJ | See Fig. 9, 10, 14

Ets Total Switching Loss — 10.40 | 0.5

td(on) Turn-On Delay Time — | 31 | — Ty =150°C,

tr Rise Time — | 43 — ns Ic = 27A, Ve = 480V

ta(off) Turn-Off Delay Time — | 210 | — Vge = 15V, Rg = 5.0Q

1 Fall Time — | 62 | — Energy losses include "tail"
Eits Total Switching Loss — 114 | — mJ | See Fig. 10,11, 14

Le Internal Emitter Inductance — | 18 | — nH | Measured 5mm from package
Cies Input Capacitance — [3700 | — Vge = 0V

Coes Output Capacitance — | 260 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 68 | — f =1.0MHz
Notes:

® Repetitive rating; Vge = 20V, pulse width limited by

max. junction temperature. ( See fig. 13b)

@

(See fig. 13a)

Repetitive rating; pulse width limited by maximum

junction temperature.

2

VCC = BOO/O(VCEs), VGE = 20V, L= 1OUH, RG = 509,

@ Pulse width < 80ps; duty factor < 0.1%.

® Pulse width 5.0us, single shot.

www.irf.com



International
IR Rectitier

PD91471B

IRG4PC50UD

INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DIODE

Features

« UltraFast: Optimized for high operating
frequencies 8-40 kHz in hard switching, >200
kHz in resonant mode

» Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency than

Generation 3

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in
bridge configurations

* Industry standard TO-247AC package

Benefits

» Generation 4 IGBT's offer highest efficiencies

available

+ IGBT's optimized for specific application conditions
+ HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require

less/no snubbing

* Designed to be a "drop-in" replacement for equivalent

UltraFast CoPack IGBT

E
n-channel

Vces = 600V

@Vge=15V,Ic =27A

industry-standard Generation 3 IR IGBT's TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 \%
Ilc @ Tg = 25°C Continuous Collector Current 55

Ilc @ Tg = 100°C | Continuous Collector Current 27

lcm Pulsed Collector Current ® 220 A
ILm Clamped Inductive Load Current @ 220

Ir@ Tg = 100°C Diode Continuous Forward Current 25

IFm Diode Maximum Forward Current 220

Vae Gate-to-Emitter Voltage +20 V
Pp @ T¢ = 25°C Maximum Power Dissipation 200 W
Pp @ T¢ = 100°C | Maximum Power Dissipation 78

Ty Operating Junction and -55 to +150

TstG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units

ReJc Junction-to-Case -IGBT | = | e 0.64

Reuc Junction-to-Case - Diodke @ | - | e 0.83 °C/W
Recs Case-to-Sink, flat, greased surfface @~ | = - 024 | @ -

ReJa Junction-to-Ambient, typical socket mount | - | = - 40

Wt Weight | e 6021) | = ---- g (02)
www.irf.com 1
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International

IRG4PC50UD IGR Rectifier
Electrical Characteristics @ T = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage®| 600 | ---- | --- \% Vge = 0V, Ic = 250pA
AV(gRr)ces/AT) Temperature Coeff. of Breakdown Voltage | ---- [0.60 [ --—- [ V/°C | Vge =0V, Ic = 1.0mA
VGE(on) Collector-to-Emitter Saturation Voltage | ---- [1.65 ] 2.0 Ic = 27A Vge = 15V
- 120 | - \ Ic = 55A See Fig. 2,5
- 116 | - lc = 27A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30 | - | 6.0 Vce = Vg, Ic = 250pA
AVGE(th/ATy| Temperature Coeff. of Threshold Voltage| ---- [ -13 | --—- [mV/°C| VcE = VaE, Ic = 250pA
Ofe Forward Transconductance @ 16 | 24 | ---- S Vce = 100V, Ig = 27A
Ices Zero Gate Voltage Collector Current - | - 250 [ A | Vge =0V, Vcg = 600V
--- | ---- [6500 Vge = 0V, Vge = 600V, Ty = 150°C
VeEm Diode Forward Voltage Drop - |13 | 1.7 \" Ic = 25A See Fig. 13
- 112 |15 Ic = 25A, Ty = 150°C
Iges Gate-to-Emitter Leakage Current - | == [£100| nA | Vge = +20V
Switching Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
Qq Total Gate Charge (turn-on) --- 1180 | 270 Ic =27A
Qge Gate - Emitter Charge (turn-on) - | 25 | 38 nC | Vcc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) - | 61 90 Vge = 15V
td(on) Turn-On Delay Time - | 46 | ---- Ty=25°C
tr Rise Time - | 25 | ---- ns | Igc=27A, Vcc = 480V
t4(off) Turn-Off Delay Time ---- 1140 | 230 Vge = 15V, Rg = 5.0Q
t Fall Time - | 74 | 110 Energy losses include "tail" and
Eon Turn-On Switching Loss -—-- [0.99 | ---- diode reverse recovery.
Eost Turn-Off Switching Loss - 10.59 | ---- mJ | See Fig. 9, 10, 11, 18
Eis Total Switching Loss - 1158 1.9
td(on) Turn-On Delay Time - | 44 | ---- Ty=150°C, SeeFig.9, 10,11,18
tr Rise Time - | 27 | - ns | Igc=27A, Vcc = 480V
t4(off) Turn-Off Delay Time -~ |1 240 | ---- Vge = 15V, Rg = 5.0Q
1 Fall Time - | 130 | --—-- Energy losses include "tail" and
Eis Total Switching Loss - 1 2.3 | - mJ | diode reverse recovery.
Le Internal Emitter Inductance - [ 13 | - nH | Measured 5mm from package
Cies Input Capacitance ---- (4000 | ---- Vge = 0V
Coes Output Capacitance - 1250 | - pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance - | 52 | - f =1.0MHz
ter Diode Reverse Recovery Time - |50 | 75 ns | Ty=25°C See Fig.
--- [ 105 | 160 Ty=125°C 14 I = 25A
ler Diode Peak Reverse Recovery Current | ---- | 4.5 [ 10 A [ Ty=25°C See Fig.
--18.0 | 15 Ty=125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge - | 112|375 | nC | Ty=25°C See Fig.
-- | 420 |1200 Ty=125°C 16 di/dt 200A/us
direcym/dt Diode Peak Rate of Fall of Recovery - 1250 | --- | Alus | Ty=25°C
During tp --- [ 160 | --- Ty=125°C
2 www.irf.com



International

IR Rectifier

WARP2 SERIES IGBT WITH
ULTRAFAST SOFT RECOVERY DIODE

Applications

e Telecom and Server SMPS

PFC and ZVS SMPS Circuits
Uninterruptable Power Supplies
Consumer Electronics Power Supplies

Features

NPT Technology, Positive Temperature Coefficient
Lower Vce(SAT)

Lower Parasitic Capacitances

Minimal Tail Current

HEXFRED Ultra Fast Soft-Recovery Co-Pack Diode
Tighter Distribution of Parameters

Higher Reliability

SMPS IGBT

PD - 94626

IRGP20B60PD

E
n-channel

VCES = 600V

VCE(on) typ. = 2.05V
@ Vge = 15V I = 13.0A

Equivalent MOSFET

Parameters o
RCE(on) typ. = 158mQ

Ip (FET equivalent) = 20A

Benefits E
o Parallel Operation for Higher Current Applications GC
¢ Lower Conduction Losses and Switching Losses
¢ Higher Switching Frequency up to 150kHz TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

Vees Collector-to-Emitter Voltage 600 \'
Ic @ Tc =25°C Continuous Collector Current 40
Ic @ Tc =100°C Continuous Collector Current 22
lom Pulse Collector Current (Ref. Fig. C.T.4) 80
lim Clamped Inductive Load Current @ 80 A
Ir @ Tc =25°C Diode Continous Forward Current 31
Ir @ Tc =100°C Diode Continous Forward Current 12
IFRM Maximum Repetitive Forward Current ® 42
Ve Gate-to-Emitter Voltage +20 V
Pp @ Tc =25°C Maximum Power Dissipation 220 w
Pp @ T =100°C Maximum Power Dissipation 86
T, Operating Junction and -55to +150
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Mounting Torque, 6-32 or M3 Screw 10 Ibf-in (1.1 N-m)
Thermal Resistance

Parameter Min Typ. Max. Units

Resc (IGBT) Thermal Resistance Junction-to-Case-(each IGBT) _— —_— 0.58 °C/W
Rgesc (Diode) Thermal Resistance Junction-to-Case-(each Diode) _— —_— 2.5
Recs Thermal Resistance, Case-to-Sink (flat, greased surface) o 0.24 o
Reua Thermal Resistance, Junction-to-Ambient (typical socket mount) — — 40

Weight — 6 (0.21) — g (0z)
1 www.irf.com
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IRGP20B60PD

International

Electrical Characteristics @ T, = 25°C (unless otherwise specified) TSR Rectifier
Parameter Min. [ Typ. [ Max. |Units Conditions Ref.Fig
V(BR)CES Collector-to-Emitter Breakdown Voltage 600 — — V  |Vge=0V, Ic = 500pA
AVgrices/AT; | Temperature Coeff. of Breakdown Voltage — 0.32 — | VI°C |Vge =0V, Ic = 1mA (25°C-125°C)
Ra Internal Gate Resistance — 43 — Q |1MHz, Open Collector
— 2.05 | 2.35 lc =13A, Vge = 15V 4,56,89
Vee(n) Collector-to-Emitter Saturation Voltage — 250 | 2.80 V |lc=20A, Vge = 15V
— 2.65 | 3.00 lc=13A, Vge = 15V, T, = 125°C
— 3.30 | 3.70 lc =20A, Vge =15V, T, = 125°C
VaEn) Gate Threshold Voltage 3.0 4.0 5.0 V | Ic =250pA 7,89
AV /AT Threshold Voltage temp. coefficient — -11 — |mV/°ClVce = Vg, Ic = 1.0mA
gfe Forward Transconductance — 19 — S |Vce =50V, Ic = 40A, PW = 80ps
lces Collector-to-Emitter Leakage Current — 1.0 250 WA |Vge =0V, Ve = 600V
— 0.1 — mA |Vge =0V, Vce = 600V, T, = 125°C
Vem Diode Forward Voltage Drop — 14 1.7 V |lg=12A, Vge = 0V 10
— 1.3 1.6 lF=12A, Vge =0V, T;=125°C
lges Gate-to-Emitter Leakage Current — — +100| nA |Vge =20V, Ve =0V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
Qg Total Gate Charge (turn-on) — 68 102 lc=13A 17
Qqc Gate-to-Collector Charge (turn-on) — 24 36 nC [V¢c =400V CT1
Qqe Gate-to-Emitter Charge (turn-on) — 10 15 Vge = 15V
Eon Turn-On Switching Loss — 95 140 lc = 13A, Ve = 390V CT3
Eot Turn-Off Switching Loss — 100 145 pud  |Vee = +15V, Rg = 10Q, L = 200pH
Eotal Total Switching Loss — 195 285 T,=25°C®
td(on) Turn-On delay time — 20 26 lc =13A, Ve = 390V CT3
t Rise time — 5.0 7.0 ns |Vge =+15V, Rg = 10Q, L = 200pH
ta(or Turn-Off delay time — 115 | 135 T,=25°C®
t Fall time — 6.0 8.0
Eon Turn-On Switching Loss — 165 215 lc =13A, Vg = 390V CT3
Eait Turn-Off Switching Loss — | 150 | 195 | pJ |Vee=+15V, Rg=10Q, L = 200pH 11,13
Eiotal Total Switching Loss — 315 410 T,=125°C ® WF1,WF2
ta(on) Turn-On delay time — 19 25 Ic=13A, Ve = 390V CT3
t, Rise time — 6.0 8.0 ns |Vge =+15V, Rg =10Q, L = 200pH 12,14
ta(of) Turn-Off delay time — 125 140 T,=125°C ® WF1,WF2
t Fall time — 13 17
Cies Input Capacitance — 1570 — Vge =0V 16
Coes Output Capacitance — 130 — Vee =30V
Cres Reverse Transfer Capacitance — 20 — pF |f=1Mhz
Coes eff. Effective Output Capacitance (Time Related) ® — 94 — Vg = 0V, Ve = OV to 480V 15
Coes eff. (ER) |Effective Output Capacitance (Energy Related) ® — 76 —
T,=150°C, Ic = 80A 3
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Ve =480V, Vp =600V CT2
Rg =22Q, Vge = +15V to OV
ter Diode Reverse Recovery Time — 42 60 ns [T,=25°C Ir=12A, Vg =200V, 19
— 80 120 T,=125°C  di/dt = 200A/us
Qy Diode Reverse Recovery Charge — 80 180 nC [T,=25°C lr=12A, Vg =200V, 21
— 220 | 600 T,=125°C  di/dt = 200A/us
" Peak Reverse Recovery Current — 3.5 6.0 A |T,=25°C Ir=12A, Vg =200V, 19,20,21,22
— 5.6 10 T,=125°C  di/dt = 200A/us CTs
Notes:

@ Rce(on) typ. = equivalent on-resistance = Vcg(on) typ- / Ic, where Veg(on) typ. = 2.05V and Ic = 13A. Ip (FET Equivalent) is the equivalent MOSFET Ip rating @ 25°C for
applications up to 150kHz. These are provided for comparison purposes (only) with equivalent MOSFET solutions.

@ VCC = 80% (VCES)a VGE = 15V, L= 28UH, RG =22Q.

® Pulse width limited by max. junction temperature.

@ Energy losses include "tail" and diode reverse recovery. Data generated with use of Diode 8ETH06.

® C,es eff. is a fixed capacitance that gives the same charging time as C,es While V¢ is rising from 0 to 80% VEs.
Coes eff.(ER) is a fixed capacitance that stores the same energy as Cyes While Vg is rising from 0 to 80% VcEs.

2
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Rectifier

PD - 9.683A

IRGBC40U

INSULATED GATE BIPOLAR TRANSISTOR

Features

+ Switching-loss rating includes all "tail" losses
+ Optimized for high operating frequency (over 5kHz)
See Fig. 1 for Current vs. Frequency curve

Description

Insulated Gate Bipolar Transistors (IGBTs) from International Rectifier have
higher usable current densities than comparable bipolar transistors, while at
the same time having simpler gate-drive requirements of the familiar power
MOSFET. They provide substantial benefits to a host of high-voltage, high-

UltraFast IGBT

E
n-channel

Vces = 600V
VeE(sat) < 3.0V

@Vge =15V, Ic = 20A

current applications.

TO-220AB
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 \
lc@ Tc=25°C Continuous Collector Current 40
lc@ Tc =100°C Continuous Collector Current 20 A
lem Pulsed Collector Current @ 160
ILm Clamped Inductive Load Current @ 160
VGEe Gate-to-Emitter Voltage +20 \
Earv Reverse Voltage Avalanche Energy & 15 mJ
Pb@ Tc =25°C Maximum Power Dissipation 160 W
Ppb @ Tc =100°C | Maximum Power Dissipation 65
Ty Operating Junction and -55 to +150
Tste Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)

Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)

Thermal Resistance

C-663

Parameter Min Typ. Max. Units
Reuc Junction-to-Case — — 0.77
Recs Case-to-Sink, flat, greased surface — 0.50 — °C/W
Reua Junction-to-Ambient, typical socket mount — — 80
Wit Weight — 2.0 (0.07) — g (0z)
Revision 0



IRGBC40U ISR
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. [ Typ. [Max. [Units Conditions

V(BR)CES Collector-to-Emitter Breakdown Voltage 600 | — — \ Vge = 0V, Ic = 250pA

V(BRECS Emitter-to-Collector Breakdown Voltage ® [ 20 — — \ Vee =0V, Ic = 1.0A

AV@erices/AT, | Temp. Coeff. of Breakdown Voltage — (063 | — |V/°C | Vge =0V, Ic=1.0mA

VCcE(on) Collector-to-Emitter Saturation Voltage — 22 ] 30 Ic = 20A Ve =15V
— |27 | — Vv Ic = 40A See Fig. 2, 5
— |23 | — Ic = 20A, Ty = 150°C

VGE(th) Gate Threshold Voltage 3.0 — | 55 VcE = VeE, Ic = 250pA

AVGEth/ATy | Temperature Coeff. of Threshold Voltage | — | -13 | — [mV/°C| VcE = Vg, Ic = 250pA

Jfe Forward Transconductance ® 11 18 — S Vce =100V, I¢c = 20A

Ices Zero Gate Voltage Collector Current — — | 250 | pA Ve =0V, Vcg = 600V
— — |1000 Vge =0V, Vce = 600V, Ty =150°C

lces Gate-to-Emitter Leakage Current — — |£100( nA | Vge = £20V

Switching Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. [ Typ. [Max.| Units Conditions
Qg Total Gate Charge (tum-on) — | 51 67 Ic = 20A
Qge Gate - Emitter Charge (turn-on) — [89 | 11 nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — 20 33 Ve = 15V
td(on) Turn-On Delay Time — 25 — Ty=25°C
tr Rise Time — 21 — ns Ic = 20A, Ve = 480V
t(off) Turn-Off Delay Time — | 96 | 190 Vge = 15V, Rg = 10Q
tf Fall Time — | 43 | 120 Energy losses include "tail"
Eon Turn-On Switching Loss — 1034 | —
Eoff Turn-Off Switching Loss — 1041 | — mJ | See Fig. 9, 10, 11, 14
Eis Total Switching Loss — |0.75] 16
td(on) Turn-On Delay Time — 25 — Ty =150°C,
tr Rise Time — 23 — ns Ic = 20A, Ve = 480V
ta(otf) Turn-Off Delay Time — | 174 | — Vge = 15V, Rg = 10Q
tf Fall Time — | 140 | — Energy losses include "tail"
Eis Total Switching Loss — 14 | — mJ | See Fig. 10, 14
Le Internal Emitter Inductance — |75 | — nH | Measured 5mm from package
Cies Input Capacitance — [1500 | — Vee = 0V
Coes Output Capacitance — [ 190 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — 17 — f =1.0MHz
Notes:

@ Repetitive rating; V ge=20V, pulse width
limited by max. junction temperature.

( See fig. 13b )

@ VCC=80%(VCES)1 VGE=20V! L=10HH,

Rg=10Q, ( See fig. 13a)

C-664

® Repetitive rating; pulse width limited
by maximum junction temperature.

® Pulse width 5.0ps,
single shot.

@ Pulse width < 80us; duty factor < 0.1%.




International
IR Rectifier

PD - 97113

IRGB4064DPbF

INSULATED GATE BIPOLAR TRANSISTOR WITH c
ULTRAFAST SOFT RECOVERY DIODE Vces = 600V
Features .
e Low VcE (on) Trench IGBT Technology lc = 10A, Tc = 100°C
¢ Low Switching Losses G
e Maximum Junction temperature 175 °C tsc > 5us, Timax = 175°C
e 5us SCSOA
e Square RBSOA E VcE(on) typ. = 1.6V
e 100% of The Parts Tested for Iy n-channel
e Positive V¢ (on) Temperature Coefficient.
o Ultra Fast Soft Recovery Co-pak Diode
¢ Tighter Distribution of Parameters G o
e lead-Free Package i
Benefits
¢ High Efficiency in a Wide Range of Applications *-H-H““ . £
¢ Suitable for a Wide Range of Switching Frequencies due N
to Low Ve (on) and Low Switching Losses b c
e Rugged Transient Performance for Increased Reliability
: Ez)(\(lsvellzlmt Current Sharing in Parallel Operation TO-220AB
G C E
Gate Collector Emitter
Absolute Maximum Ratings
Parameter Max. Units
Vees Collector-to-Emitter Breakdown Voltage 600 \
Ic@ Tg=25°C Continuous Collector Current 20
Ic@ Tc=100°C Continuous Collector Current 10
lcm Pulsed Collector Current 40
ILm Clamped Inductive Load Current ® 40 A
IF@T=25°C Diode Continuous Forward Current 20
IF@T:=100°C Diode Continuous Forward Current 10
lem Diode Maximum Forward Current @ 40
Ve Continuous Gate-to-Emitter Voltage +20 \
Transient Gate-to-Emitter Voltage +30
Py, @ T =25° Maximum Power Dissipation 101 w
Pp @ T =100° Maximum Power Dissipation 50
T, Operating Junction and 55 10 + 175 °C
Tsta Storage Temperature Range
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw 10 Ibfin (1.1 N-m) [
Thermal Resistance
Parameter Min Typ. Max. Units
RoJc Junction-to-Case - IGBT ® —_— —_— 1.49
Rasc Junction-to-Case - Diode ® _— —_ 3.66 .
Rocs Case-to-Sink, flat, greased surface —_— 0.50 —_— cw
Reua Junction-to-Ambient, typical socket mount ® — — 62
Wit Weight 1.44 g
1 www.irf.com
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IRGB4064DPbF

International

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
V(BR)cES Collector-to-Emitter Breakdown Voltage 600 — — V |Vge=0V, I =100pA @ CT6
AVgrces/AT,  |Temperature Coeff. of Breakdown Voltage — | 047 | — | V/°C |Vge =0V, I = 500pA (-55°C-175°C)
— 1.6 | 1.91 Ic =10A, Vge = 15V, T, =25°C
VeE(on) Collector-to-Emitter Saturation Voltage — 1.9 — V |lc=10A, Vge = 15V, T, = 150°C 5,6,7,9,
— 2.0 — Ic=10A, Vge = 15V, T, = 175°C 10,11
VaEdn) Gate Threshold Voltage 4.0 — 6.5 V' |Vce = Vg lc = 275pA 9.10,11,12
AVggan/ATJ Threshold Voltage temp. coefficient — -11 — |mV/°C|Vce = Vg, Ic = 1.0mA (25°C - 175°C)
gfe Forward Transconductance — 6.9 — S |Vce =50V, Ic = 10A, PW = 80ps
lces Collector-to-Emitter Leakage Current — — 25 A |Vge =0V, Ve = 600V
— 328 — Vge =0V, Ve =600V, T, = 175°C 8
Vem Diode Forward Voltage Drop — 2.5 3.1 V |lg=10A
— 1.7 — Ir=10A, T, =175°C
lges Gate-to-Emitter Leakage Current — — | £100] nA |Vge = £20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
Q, Total Gate Charge (turn-on) — 21 32 Ic =10A 24
Qqe Gate-to-Emitter Charge (turn-on) — 5.3 8.0 nC [Vgg =15V CTH1
Qqe Gate-to-Collector Charge (turn-on) — 8.9 13 Ve = 400V
Eon Turn-On Switching Loss — 29 71 Ic =10A, Vgc =400V, Vge = 15V
Eoft Turn-Off Switching Loss — 200 | 308 u |Rg=22Q,L=1.0mH, T;=25°C CT4
Eiotal Total Switching Loss — 229 | 339 Energy losses include tail & diode reverse recovery
taon) Turn-On delay time — 27 37 Ic =10A, Vgc = 400V, Vge = 15V
t, Rise time — 15 23 ns |Rg=22Q,L=1.0mH, T,=25°C CT4
ta(ofn) Turn-Off delay time — 79 90
t Fall time — 21 30
Eon Turn-On Switching Loss — 99 — lc = 10A, Ve =400V, Vge = 15V 13,15
Eoif Turn-Off Switching Loss — 316 — pd [Rg=22Q, L=1.0mH, T; =175°C @ CT4
Eiotal Total Switching Loss — 415 — Energy losses include tail & diode reverse recovery WF1,WF2
td(on) Turn-On delay time — 27 — Ic = 10A, Ve =400V, Vge = 15V 14,16
t, Rise time — 16 — ns |Rg=22Q,L=1.0mH, T,=175°C CT4
ta(ofn) Turn-Off delay time — 98 — WF1,WF2
t Fall time — 33 —
Cies Input Capacitance — 594 — pF |Vge =0V 22
Coes Output Capacitance — 49 — Ve = 30V
Cres Reverse Transfer Capacitance — 17 — f=1.0Mhz
T,=175°C, I = 40A 4
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Ve = 480V, Vp =600V CT2
Rg = 22Q, Vge = +15V to OV
SCSOA Short Circuit Safe Operating Area 5 — — ps [Vec = 400V, Vp =600V 22,CT3
Rg = 22Q, Vge = +15V to OV WF4
Erec Reverse Recovery Energy of the Diode — 191 — pd [T, =175°C 17,18,19
te Diode Reverse Recovery Time — 62 — ns |Vgc =400V, I =10A 20,21
Iy Peak Reverse Recovery Current — 16 — A |Vge =15V, Rg = 22Q, L=1.0mH WF3
Notes:
@OV¢c = 80% (Vees), Ve = 15V, L =28 uH, Rg = 22 Q.
@ Pulse width limited by max. junction temperature.
®Ryis measured at T, approximately 90°C
@Refer to AN-1086 for guidelines for measuring V(BR)cEs safely
2 www.irf.com



PD - 94613A

Intfernational
TR Reclitier swesicer  IRGB20BB0OPD1

WARP2 SERIES IGBT WITH
ULTRAFAST SOFT RECOVERY DIODE

_— C Vegs = 600V
Applications Vce(on) typ- = 2.05V
e Telecom and Server SMPS @ Vge = 15V Ig = 13.0A
e PFC and ZzVS SMPS Circuits
¢ Uninterruptable Power Supplies .
e Consumer Electronics Power Supplies G Equivalent MOSFET
Parameters o
Features e Rce(on) typ. = 158mQ
e NPT Technology, Positive Temperature Coefficient Ilp (FET equivalent) = 20A
o Lower Vce(SAT) n-channel
e Lower Parasitic Capacitances
¢ Minimal Tail Current
o HEXFRED Ultra Fast Soft-Recovery Co-Pack Diode
e Tighter Distribution of Parameters -
e Higher Reliability
Benefits N H: \E
o Parallel Operation for Higher Current Applications . GC
¢ Lower Conduction Losses and Switching Losses
¢ Higher Switching Frequency up to 150kHz TO-220AB
Absolute Maximum Ratings
Parameter Max. Units
Vces Collector-to-Emitter Voltage 600 \'
lc @ Tg =25°C Continuous Collector Current 40
Ic @ Tc =100°C Continuous Collector Current 22
lom Pulse Collector Current (Ref. Fig. C.T.4) 80
Iim Clamped Inductive Load Current @ 80 A
Ir @ Tc =25°C Diode Continous Forward Current 10
Ir @ Tc = 100°C Diode Continous Forward Current 4
lram Maximum Repetitive Forward Current ® 16
Ve Gate-to-Emitter Voltage +20 Vv
Pp @ T =25°C Maximum Power Dissipation 215 w
Pp @ Tc =100°C Maximum Power Dissipation 86
T, Operating Junction and -55to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw 10 Ibf-in (1.1 N-m)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rosc (IGBT) Thermal Resistance Junction-to-Case-(each IGBT) _— —_— 0.58 °C/W
Rosc (Diode) Thermal Resistance Junction-to-Case-(each Diode) _— —_— 5.0
Rocs Thermal Resistance, Case-to-Sink (flat, greased surface) — 0.50 —
Roua Thermal Resistance, Junction-to-Ambient (typical socket mount) — —_— 80
Weight — 2(0.07) — g (0z)
1 www.irf.com
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IRGB20B60PD1 International

Electrical Characteristics @ T, = 25°C (unless otherwise specified) ISR Rectifier
Parameter Min. [ Typ. [ Max. |Units Conditions Ret.Fig
VBR)cES Collector-to-Emitter Breakdown Voltage 600 — — V  |Vge=0V, Ic = 500pA
AVgrices/AT; | Temperature Coeff. of Breakdown Voltage — 0.32 — | V/°C |Vge =0V, Ic = 1mA (25°C-125°C)
Ra Internal Gate Resistance — 4.3 — Q |1MHz, Open Collector
— 2.05 | 2.35 lc=13A, Vge = 15V 4,5,6,8,9
VcE(on) Collector-to-Emitter Saturation Voltage — 250 | 2.80 V |lc=20A, Vge = 15V
— 2.65 | 3.00 lc=13A, Vge = 15V, T, = 125°C
— 3.30 | 3.70 lc =20A, Vge =15V, T; = 125°C
V() Gate Threshold Voltage 3.0 4.0 5.0 V | lc =250pA 7,89
AVgg(ny/ATI Threshold Voltage temp. coefficient — -11 — |mV/°C{Vce = Vagg, Ic = 1.0mA
gfe Forward Transconductance — 19 — S |Vce =50V, Ic = 40A, PW = 80ps
lces Collector-to-Emitter Leakage Current — 1.0 250 A |Vge = 0V, Vce = 600V
— 0.1 — mA |Vge =0V, Vee =600V, T, = 125°C
Vem Diode Forward Voltage Drop — 15 1.8 V [lr=4.0A, Vge = 0V 10
— 1.4 1.7 le=4.0A, Vge =0V, T, =125°C
laes Gate-to-Emitter Leakage Current — — +100| nA |Vge =+20V, Vge =0V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. [Units Conditions Ref.Fig
Qg Total Gate Charge (turn-on) — 68 102 lc=13A 17
Qqc Gate-to-Collector Charge (turn-on) — 24 36 nC |Vec =400V CT1
Qge Gate-to-Emitter Charge (turn-on) — 10 15 Vee = 15V
Eon Turn-On Switching Loss — 95 140 lc = 13A, Vg = 390V CT3
Eott Turn-Off Switching Loss — 100 145 pd  [Vee = +15V, Rg = 102, L = 200pH
Evotal Total Switching Loss — 195 | 285 T,=25°C @
ta(on) Turn-On delay time — 20 26 Ic=13A, Ve = 390V CT3
te Rise time — 5.0 7.0 ns |Vge =+15V, Rg = 10Q, L = 200pH
ta(off) Turn-Off delay time — 115 | 135 T,=25°C®
t Fall time — 6.0 8.0
Eon Turn-On Switching Loss — 165 215 lc = 13A, Vgc = 390V CT3
Eot Turn-Off Switching Loss — 150 195 ud  |Vee =+15V, Rg = 10Q, L = 200pH 11,13
Etotal Total Switching Loss — 315 410 T,=125°C ® WF1,WF2
td(on) Turn-On delay time — 19 25 Ic =13A, Ve = 390V CT3
tr Rise time — 6.0 8.0 ns |Vge =+15V, Rg = 10Q, L = 200uH 12,14
ta(off) Turn-Off delay time — 125 140 T,=125°C ® WF1,WF2
t Fall time — 13 17
Cies Input Capacitance — 1560 — Vge =0V 16
Coes Output Capacitance — 95 — Vee = 30V
Cres Reverse Transfer Capacitance — 20 — pF |f=1Mhz
Coes eff. Effective Output Capacitance (Time Related) ® — 83 — Ve = OV, Ve = OV to 480V 15
Coes eff. (ER) |Effective Output Capacitance (Energy Related) ® — 61 _
T,=150°C, Ic = 80A 3
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Vcc = 480V, Vp =600V CT2
Rg = 22Q, Vge = +15V to OV
e Diode Reverse Recovery Time — 28 42 ns [T,=25°C Ir=4.0A, Vg =200V, 19
— 38 57 Ty=125°C  di/dt = 200A/ps
Q Diode Reverse Recovery Charge — 40 60 nC |T;=25°C Ig=4.0A, Vg =200V, 21
— 70 105 T,=125°C  di/dt = 200A/us
" Peak Reverse Recovery Current — 2.9 5.2 A |T,;=25°C IF=4.0A, Vg =200V, 19,20,21,22
— 37 6.7 T,=125°C  di/dt = 200A/us CT5

Notes:

@ RcE(on) typ. = equivalent on-resistance = Vcg(on) typ. / Ic, where Veg(on) typ. = 2.05V and Ig = 13A. Ip (FET Equivalent) is the equivalent MOSFET Ip rating @ 25°C for
applications up to 150kHz. These are provided for comparison purposes (only) with equivalent MOSFET solutions.

@ Vee =80% (Vees), Vae = 15V, L = 28pH, Rg = 22Q.

® Pulse width limited by max. junction temperature.

@ Energy losses include "tail" and diode reverse recovery. Data generated with use of Diode 8ETHO6.

® Coes eff. is a fixed capacitance that gives the same charging time as Coes While Vg is rising from 0 to 80% V¢gs.
Coes eff.(ER) is a fixed capacitance that stores the same energy as Cyes While Vg is rising from 0 to 80% VgEgs.

2 www.irf.com



International
IR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH ULTRA-LOW VF DIODE

FORINDUCTIONHEATING AND SOFT SWITCHING APPLICATIONS

PD -97455

IRG7PH35UD1PbF
IRG7PH35UD1-EP

Features
* Low V¢E (on) trench IGBT Technology C
* Low Switching Losses Vces = 1200V
e Square RBSOA
* Ultra-Low Vg Diode | nominaL = 20A
* 1300Vpk Repetitive Transient Capacity s
o,
. 100./<.> of the Parts Tested for I y® B TJ(max) = 150°C
* Positive V¢ (on) Temperature Co-Efficient e
* TightParameter Distribution _
e LeadFree Package n-channel Veeon) typ. = 1.9V
Benefits
* Device optimized for induction heating and soft switching
applications
* High Efficiency due to Low V¢g(on), low switching losses
and Ultra-low V¢
* Ruggedtransient performance forincreased reliability
» Excellent current sharing in parallel operation
* Low EMI TO-247AC TO-247AD
IRG7PH35UD1PbF IRG7PH35UD1-EP
G C E
Gate Collector Emitter
Absolute Maximum Ratings
Parameter Max. Units
Vces Collector-to-Emitter Voltage 1200 \'
Ic @ Tg=25°C Continuous Collector Current 50
Ic @ Tc =100°C Continuous Collector Current 25
| NOMINAL Nominal Current 20
lem Pulse Collector Current, Vge=15V @ 60 A
Iim Clamped Inductive Load Current, Vge=20V © 80
Ir @ Tc =25°C Diode Continous Forward Current 50
Ir @ Tc =100°C Diode Continous Forward Current 25
lem Diode Maximum Forward Current @ 80
Vae Continuous Gate-to-Emitter Voltage +30 \'
Pp @ Tc=25°C Maximum Power Dissipation 179 W
Pp @ Tc = 100°C Maximum Power Dissipation 71
T, Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw 10 Ibf-in (1.1 N-m)
Thermal Resistance
Parameter Min. Typ. Max. Units
Resc (IGBT) Thermal Resistance Junction-to-Case-(each IGBT) ® —_ — 0.70
Reyc (Diode) Thermal Resistance Junction-to-Case-(each Diode) ® —_ —_— 1.35 °C/W
Recs Thermal Resistance, Case-to-Sink (flat, greased surface) —_— 0.24 _—
Resa Thermal Resistance, Junction-to-Ambient (typical socket mount) —_— 40 —_—
1 www.irf.com
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IRG7PH35UD1PbF/IRG7PH35UD1-EP

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

International
TSR Rectifier

Parameter Min. | Typ. | Max. | Units Conditions
V(BRiCES Collector-to-Emitter Breakdown Voltage 1200 — — V  |Vge=0V, Ic=100pA ®
V (gRyTransient Repetitive Transient Collector-to-Emitter Voltage — — 1300 V.  |Vee=0V, T,=75°C, PW< 10us @
AV (grices/AT, Temperature Coeff. of Breakdown Voltage — 1.2 — V/°C |Vge =0V, Ic = 1TmA (25°C-150°C)
VeE(on) Collector-to-Emitter Saturation Voltage — 1.9 22 V  |lc=20A, Vge = 15V, T, =25°C
— 2.3 — Ic =20A, Vge = 15V, T, = 150°C
Ve Gate Threshold Voltage 3.0 — 6.0 V  |Vce = Vag, Ic = 600pA
gfe Forward Transconductance — 22 — S |Vce=50V, Ic =20A, PW = 30us
lces Collector-to-Emitter Leakage Current — 1.0 100 MA  |Vee =0V, Vee = 1200V
— 120 — Vge = 0V, Ve = 1200V, T, = 150°C
Vem Diode Forward Voltage Drop — 1.15 1.26 V  |lg=20A
— 1.08 — le =20A, T, =150°C
laes Gate-to-Emitter Leakage Current — — +100 nA |Vge = =30V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. [ Units Conditions
Qq Total Gate Charge (turn-on) — 85 130 Ic =20A
Qqe Gate-to-Emitter Charge (turn-on) — 15 20 nC |Vge=15V
Qqc Gate-to-Collector Charge (turn-on) — 35 50 Ve = 600V
Ic = 20A, Vo = 600V, Vge = 15V
Eoft Turn-Off Switching Loss — 620 850 uJ  [Rg =109, L =200pH,Ls = 150nH, T, = 25°C
Energy losses include tail
ta(off) Turn-Off delay time — 160 180 ns |lc=20A, Vcc =600V, Vge = 15V
t Fall time — 80 105 Rg = 10Q, L = 200pH,Ls = 150nH, T, = 25°C
lc = 20A, Ve = 600V, Vge=15V
Eoit Turn-Off Switching Loss — 1120 — uJ |Rg=10Q, L =200pH,Ls = 150nH, T, = 150°C
Energy losses include tail
ta(off) Turn-Off delay time — 190 — ns |lc=20A, Vcc =600V, Vge = 15V
t Fall time — 210 — Rg = 10Q, L = 200pH,Ls = 150nH, T, = 150°C
Cies Input Capacitance — 1940 — pF |Vee=0V
Coes Output Capacitance — 120 — Vee = 30V
Cres Reverse Transfer Capacitance — 40 — f=1.0Mhz
T,=150°C, Ic = 80A
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Vee =960V, Vp =1200V
Rg = 10Q, Vge = +20V to OV
Notes:

® Ve =80% (Vees), Vge = 20V, Rg = 10Q.
@ Pulse width limited by max. junction temperature.

® Refer to AN-1086 for guidelines for measuring V

(BR)CES

safely.

@ Rating for Hard Switching conditions. Rating is higher in Soft Switching conditions.
® Ry is measured at T; approximately 90°C.

www.irf.com




International
TGR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

IRG4PSC71UD

UltraFast CoPack IGBT

PD - 91682A

Features

» Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency
(minimum switching and conduction losses) than
prior generations

+ IGBT co-packaged with HEXFRED ultrafast, ultrasoft
recovery anti-parallel diodes for use in bridge
configurations

* Industry-benchmark Super-247 package with
higher power handling capability compared to

T
Vces = 600V
e @Vge =15V, Ic =60A
n-channel

same footprint TO-247
» Creepage distance increased to 5.35mm

Benefits
» Generation 4 IGBT's offer highest efficiencies
available
» Maximum power density, twice the power
handling of TO-247, less space than TO-264
» IGBTSs optimized for specific application conditions
+ HEXFRED diodes optimized for performance with IGBTs

- Cost and space saving in designs that require SUPER - 247
multiple, paralleled IGBTs
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \
lc @ Tg = 25°C Continuous Collector Current 850G
Ic @ Tc = 100°C | Continuous Collector Current 60
lcm Pulsed Collector Current ® 200 A
ILm Clamped Inductive Load Current @ 200
IF@ Tg = 100°C Diode Continuous Forward Current 60
IFm Diode Maximum Forward Current 350
VGe Gate-to-Emitter Voltage + 20 \
Pp @ Tg = 25°C Maximum Power Dissipation 350 W
Pp @ Tc = 100°C | Maximum Power Dissipation 140
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance\ Mechanical
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case - IGBT —_ —_ 0.36
ReJc Junction-to-Case - Diode — —_— 0.69 °C/W
Recs Case-to-Sink, flat, greased surface —_ 0.24 —_
ReJa Junction-to-Ambient, typical socket mount — — 38
Recommended Clip Force 20.0(2.0) — — N (kgf)
Weight — 6 (0.21) — g (0z)
www.irf.com 1
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IRG4PSC71UD

International

ISR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® | 600 | — | — \' Vge = 0V, Ig = 250pA
AV(gr)ces/AT) Temperature Coeff. of Breakdown Voltage | — [0.39 | — | V/°C | Vgg = 0V, Ic = 10mA
VGE(on) Collector-to-Emitter Saturation Voltage | — |1.67 | 2.0 Ic = 60A Vge = 15V
— |1.95 | — Ic = 100A See Fig. 2,5
— 71— | V [Ic=60A T,=150°C
VGE(th) Gate Threshold Voltage 30 |— | 6.0 Vce = VaE, Ic = 250pA
AVGE@hy/ATy| Temperature Coeff. of Threshold Voltage| — | -13 | — |mV/°C| Vce = Vg, Ic = 1.5mA
Ofe Forward Transconductance @ 47 | 70 | — S Vce =50V, Ig = 60A
Ices Zero Gate Voltage Collector Current — | — | 500 | pA | Vge =0V, Vcg = 600V
— | — | 13 | mA | Vge =0V, Vg =600V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 14 |17 v Ic = 60A See Fig. 13
— | 1.3 | — Ic =60A, Ty =150°C
lIges Gate-to-Emitter Leakage Current — | — |#100| nA | Vge = £20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
Qq Total Gate Charge (turn-on) — | 340 | 520 Ic = 60A
Qge Gate - Emitter Charge (turn-on) — | 44 | 66 nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — | 160 | 240 Vge = 15V
td(on) Turn-On Delay Time — | 90 | — Ty =25°C
t Rise Time — | 94 | — ns | lgc =60A, Vgc = 480V
td(offy Turn-Off Delay Time — | 245 | 368 Vge = 15V, Rg = 5.0Q
t Fall Time — | 110 | 167 Energy losses include "tail" and
Eon Turn-On Switching Loss — |3.26 | — diode reverse recovery.
Eoft Turn-Off Switching Loss — |2.27 mdJ | See Fig. 9, 10, 11,18
Eis Total Switching Loss — |553| 7.2
td(on) Turn-On Delay Time — 91 | — Ty=150°C, See Fig. 9, 10, 11, 18
tr Rise Time — | 88 |— | ns | Ic=60A, Vcc =480V
td(off) Turn-Off Delay Time — | 3583 | — Vge = 15V, Rg = 5.0Q
t Fall Time — | 150 | — Energy losses include "tail" and
Eis Total Switching Loss — | 71 | — | mJ | diode reverse recovery.
Le Internal Emitter Inductance — | 13 | — | nH | Measured 5mm from package
Cies Input Capacitance — |7500 | — Vge = 0V
Coes Output Capacitance — | 720 | — | pF | Vo =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 93 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 82 | 120 ns Ty=25°C See Fig.
— | 140 | 210 Ty=125°C 14 IF = 60A
ler Diode Peak Reverse Recovery Current | — | 8.2 | 12 A Ty=25°C See Fig.
— | 13 | 20 Ty=125°C 15 Vg = 200V
Qrr Diode Reverse Recovery Charge —— | 364 | 546 Ty=25°C See Fig.
— |1084 |1625 nC Ty=125°C 16 di/dt = 200A/us
di(rec)m/dt Diode Peak Rate of Fall of Recovery — | 328 | — Alus Ty=25°C See Fig.
During tp — | 266 | — Ty=125°C 17
2 www.irf.com



International
IR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR

Features

+ UltraFast switching speed optimized for operating
frequencies 8 to 40kHz in hard switching, 200kHz
in resonant mode soft switching

« Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency
(minimum switching and conduction losses) than
prior generations

* Industry-benchmark Super-247 package with
higher power handling capability compared to
same footprint TO-247

» Creepage distance increased to 5.35mm

Benefits

» Generation 4 IGBT's offer highest efficiencies
available

+ Maximum power density, twice the power
handling of the TO-247, less space than TO-264

+ IGBTSs optimized for specific application conditions

» Cost and space saving in designs that require

PD - 91681A

IRG4PSC71U

UltraFast Speed IGBT

C
Vces = 600V
VCE(on) typ. = 1.67V
E @Vge = 15V, Ig = 60A
n-channel

multiple, paralleled IGBTs SUPER - 247
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Breakdown Voltage 600 V
Ilc @ Tg = 25°C Continuous Collector Current 85®
Ic @ Tg = 100°C | Continuous Collector Current 60 A
lom Pulsed Collector Current ® 200
ILm Clamped Inductive Load Current @ 200
Ve Gate-to-Emitter Voltage +20 V
Earv Reverse Voltage Avalanche Energy ® 180 mJ
Pp @ T¢ = 25°C Maximum Power Dissipation 350 W
Pp @ Tg = 100°C| Maximum Power Dissipation 140
Ty Operating Junction and -55 to + 150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm from case )
Thermal Resistance\ Mechanical
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case — — 0.36
Rocs Case-to-Sink, flat, greased surface — 0.24 — °C/W
ReJa Junction-to-Ambient, typical socket mount —_— —_— 38
Recommended Clip Force 20.0(2.0) — — N (kgf)
Weight — 6 (0.21) — g (02)
www.irf.com 1
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IRG4PSC71U Infernational

ISR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. |Typ. |Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage 600 | — | — \' Vae =0V, I = 250pA
V(BRECS Emitter-to-Collector Breakdown Voltage ® | 18 | — | — V Vge =0V, Ic =1.0A
AVsrices/AT,y | Temperature Coeff. of Breakdown Voltage | — | 0.45 | — | V/°C| Vge =0V, Ic =5.0mA
— (167 | 2.0 Ic =60A Vge =15V
VcE©N) Collector-to-Emitter Saturation Voltage — |195 | — v Ic = 100A See Fig.2, 5
— 171 | — Ilc =60A, T, =150°C
VGE(th) Gate Threshold Voltage 30 |[— | 6.0 Vce = VGE, Ic = 250pA
AVGE(h)/ATy | Temperature Coeff. of Threshold Voltage |— | -10 | — |mV/°C| Vce = Vagg, Ic=1.0mA
Ofe Forward Transconductance ® 47 | 70 | — S Vce =50V, Ic = 60A
lces Zero Gate Voltage Collector Current — |— | 500 HA Vae =0V, Vce = 600V
— | — 20 Vae =0V, Vce = 10V, Ty = 25°C
— |— | 5.0 | mA | Vge=0V, Vce=600V, Ty=150°C
lces Gate-to-Emitter Leakage Current — | — |#100 | nA | Vge=120V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max.| Units Conditions
Qq Total Gate Charge (turn-on) —— | 340 |520 Ic = 60A
Qqe Gate - Emitter Charge (turn-on) — | 44 | 66 nC | Vce = 400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — | 160 |240 Vge = 15V
td(on) Turn-On Delay Time — | 34 |—
tr Rise Time — | 50 |— ns Ty =25°C
t4(off) Turn-Off Delay Time — | 56 | 84 Ic = 60A, Vgc = 480V
1 Fall Time — | 86 [130 Vge = 15V, Rg = 5.0Q
Eon Turn-On Switching Loss — | 042 | — Energy losses include "tail"
Eoff Turn-Off Switching Loss — 199 |— | mJ | SeeFig. 10, 11,13, 14
Eis Total Switching Loss — |2.41 | 3.2
td(on) Turn-On Delay Time — 1 30 |— Ty = 150°C,
ty Rise Time — | 49 |— ns Ic = 60A, Vg = 480V
td(off) Turn-Off Delay Time — | 129 | — Vge = 15V, Rg = 5.0Q
t Fall Time — | 175 | — Energy losses include "tail"
Eis Total Switching Loss — | 45 |— | mJ | SeeFig. 13, 14
Le Internal Emitter Inductance — | 183 |— | nH | Measured 5mm from package
Cies Input Capacitance — | 7500 | — Vge =0V
Coes Output Capacitance — | 720 |— | pF | Vec =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 98 |— f =1.0MHz
Notes:

® Repetitive rating; Vg = 20V, pulse width limited by

) . o
max. junction temperature. ( See fig. 13b) @ Pulse width < 80ys; duty factor < 0.1%.

@ Veg=80%(Vees), Vae = 20V, L = 10uH, Rg = 5.0, ® Pulse width 5.0ps, single shot.
(See fig. 13a) ® Current limited by the package, (Die current = 100A)
® Repetitive rating; pulse width limited by maximum
junction temperature. _
www.irf.com
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Internationall
TSR Rectifier IRG4PH50UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT
ULTRAFAST SOFT RECOVERY DIODE
Features C

e UltraFast: Optimized for high operating Vces = 1200V
frequencies up to 40 kHz in hard switching,
>200 kHz in resonant mode

* New IGBT design provides tighter

parameter distribution and higher efficiency than @
previous generations e @Vge=15V,Ic=24A
* IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in n-channel
bridge configurations
¢ Industry standard TO-247AC package
Benefits
* Higher switching frequency capability than
competitive IGBTs
* Highest efficiency available
* HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing
TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Breakdown Voltage 1200 \Y
Ic @ Tc =25°C Continuous Collector Current 45
Ic @ Tc =100°C | Continuous Collector Current 24 A
lcm Pulsed Collector Current ® 180
ILm Clamped Inductive Load Current @ 180
Ir @ Tg =100°C Diode Continuous Forward Current 16
IFm Diode Maximum Forward Current 180
VGE Gate-to-Emitter Voltage +20 \'%
Pp @ Tc =25°C Maximum Power Dissipation 200 W
Pp @ Tc = 100°C | Maximum Power Dissipation 78
Ty Operating Junction and -65 to + 150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case - IGBT —_— —_— 0.64
ReJc Junction-to-Case - Diode — — 0.83 °C/W
Recs Case-to-Sink, flat, greased surface —_— 0.24 —_—
Roua Junction-to-Ambient, typical socket mount —_— —_— 40
Wt Weight — 6 (0.21) — g (0z)
www.irf.com 1
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International

IRG4PH50UD IGR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® |1200| — — \'% Vge = 0V, Ic = 250pA
AV@rces/ATy | Temperature Coeff. of Breakdown Voltage | — [1.20| — | V/°C | Vge =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | — |2.56 | 3.5 Ic = 20A Vge = 15V
— |2.78 | 3.7 Ic = 24A
— 320 — \'% lc = 45A See Fig. 2,5
— |254| — Ic = 24A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 Vce = VGE, Ic = 250pA
AVGEe(thy/ATy | Temperature Coeff. of Threshold Voltage — | -18 | — |mV/°C| Vce = Vg, Ic = 250pA
Ofe Forward Transconductance @ 23 | 35 — S Vce = 100V, Ig = 24A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vge = 1200V
— | — [6500 Ve = 0V, Vge = 1200V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 25| 35 \'% Ic = 16A See Fig. 13
— | 2.1 ] 3.0 Ic = 16A, Ty = 150°C
lgEs Gate-to-Emitter Leakage Current — | — |+100| nA | Vgg =20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Qq Total Gate Charge (turn-on) — | 160 | 250 Ic = 24A
Qge Gate - Emitter Charge (turn-on) — | 27 | 40 nC | Vcc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — | 53| 80 Vge = 15V
td(on) Turn-On Delay Time — | 47 | — Ty=25°C
tr Rise Time — 24 — ns | lgc=24A, Vcc = 800V
td(off) Turn-Off Delay Time — | 110 | 170 Vge = 15V, Rg = 5.0Q
tf Fall Time — | 180 | 260 Energy losses include "tail" and
Eon Turn-On Switching Loss — (210 — diode reverse recovery.
Eoff Turn-Off Switching Loss — [150| — mJ | See Fig. 9, 10, 18
Eis Total Switching Loss — |3.60| 4.6
td(on) Turn-On Delay Time — | 46 | — Ty=150°C, See Fig. 11,18
t Rise Time — 27 — ns | lgc=24A, Voc = 800V
td(off) Turn-Off Delay Time — | 240 | — Vge = 15V, Rg = 5.0Q
tf Fall Time — | 330 | — Energy losses include "tail" and
Eis Total Switching Loss — |6.38| — mJ | diode reverse recovery.
Lg Internal Emitter Inductance — 13 — nH | Measured 5mm from package
Cies Input Capacitance — |3600| — Vge =0V
Coes Output Capacitance — | 160 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 31 — f =1.0MHz
ter Diode Reverse Recovery Time — | 90 | 135 | ns | Ty=25°C See Fig.
— | 164 | 245 Ty=125°C 14 IF=16A
ler Diode Peak Reverse Recovery Current | — | 5.8 | 10 A | Ty=25°C See Fig.
— | 83| 15 Ty=125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge — | 260| 675 | nC | Ty=25°C See Fig.
— | 680 (1838 Ty=125°C 16 di/dt = 200A/us
di(rec)m/dt Diode Peak Rate of Fall of Recovery — | 120| — | Alus| Ty=25°C See Fig.
During tp — 76 — Ty=125°C 17
2 www.irf.com



Internationdl PD - 915748

ISR Rectitier IRG4PH50U

INSULATED GATE BIPOLARTRANSISTOR Ultra Fast Speed IGBT
Features C
« UltraFast: Optimized for high operating
frequencies up to 40 kHz in hard switching, Vces = 1200V
>200 kHz in resonant mode
* New IGBT design provides tighter G VCE(on) typ. = 2.78V

parameter distribution and higher efficiency than
previous generations
« Optimized for power conversion; SMPS, UPS E @Vge =15V, Ig = 24A
and welding n-channel
* Industry standard TO-247AC package

Benefits

« Higher switching frequency capability than
competitive IGBTs

+ Highest efficiency available

* Much lower conduction losses than MOSFETs

« More efficient than short circuit rated IGBTs

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Breakdown Voltage 1200 Vv
Ilc @ Tg = 25°C Continuous Collector Current 45
Ic @ Tg = 100°C | Continuous Collector Current 24 A
lcm Pulsed Collector Current ® 180
ILm Clamped Inductive Load Current @ 180
Vae Gate-to-Emitter Voltage +20 V
EaRv Reverse Voltage Avalanche Energy ® 170 mJ
Pp @ Tg =25°C Maximum Power Dissipation 200 W
Pp @ Tgc = 100°C| Maximum Power Dissipation 78
Ty Operating Junction and -55 to + 150
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1N+m)
Thermal Resistance
Parameter Typ. Max. Units
ReJc Junction-to-Case —_— 0.64
Recs Case-to-Sink, Flat, Greased Surface 0.24 —_— °C/W
ReJa Junction-to-Ambient, typical socket mount — 40
Wt Weight 6 (0.21) — g (0z)
www.irf.com 1
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IRG4PH50U TSR Rectifier
Electrical Characteristics @ T = 25°C (unless otherwise specified)
Parameter Min. | Typ. |[Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage 1200 | — — \% Vge =0V, I = 250pA
V(BRECS Emitter-to-Collector Breakdown Voltage @ | 18 — — \% Vge =0V, Ic=1.0A
AV@rces/ATy | Temperature Coeff. of Breakdown Voltage | — [1.20 | — | V/°C | Vge =0V, Ic = 1.0mA
— |256 | 35 Ic = 20A
VceoN) Collector-to-Emitter Saturation Voltage : 2;3 3_7 \Y :z : i;ﬁ \éiEe=Fi1gs.\2/, 5
— |oBa| — Ic = 24A , Ty = 150°C
VGE(th) Gate Threshold Voltage 30 | — | 6.0 VcE = VG, Ic = 250pA
AVGg(thyATy | Temperature Coeff. of Threshold Voltage — | 18 | — |mV/°C| VcE = VGE, lc = 250pA
Ofe Forward Transconductance ® 23 35 | — S Vce= 100V, Ic = 24A
— — | 250 Vage = 0V, Vge = 1200V
lces Zero Gate Voltage Collector Current — | — 120 WA | Vge =0V, Vcg =24V, T, =25°C
— | — [5000 Vge = 0V, Vce = 1200V, T, = 150°C
lges Gate-to-Emitter Leakage Current — | — [#100 | nA | Vge =120V

Switching Characteristics @ T,; = 25°C (unless otherwise specified)

Parameter Min. | Typ.| Max.| Units Conditions
Qq Total Gate Charge (turn-on) — | 160| 250 Ic = 24A
| Qqe Gate - Emitter Charge (turn-on) — | 27 | 40 nC | Vcc =400V See Fig. 8

Qqc Gate - Collector Charge (turn-on) — | 53| 83 Vge = 15V
td(on) Turn-On Delay Time — | 35| —
tr Rise Time — 15| — ns Ty=25°C
td(off) Turn-Off Delay Time — | 200| 350 Ic = 24A, Vcc = 960V
t Fall Time — | 290| 500 Vge = 15V, Rg=5.0Q
Eon Turn-On Switching Loss — 053] — Energy losses include "tail"
Eoft Turn-Off Switching Loss — | 141 — mJ | See Fig. 9, 10, 14
Eis Total Switching Loss — | 1.94] 2.6
td(on) Turn-On Delay Time — | 31 — Ty=150°C
tr Rise Time — | 18 | — ns Ic = 24A, Vcc = 960V
t4(off) Turn-Off Delay Time — | 320 — Vge = 15V, Rg=5.0Q
tt Fall Time — | 280 — Energy losses include "tail"
Eis Total Switching Loss — | 540 — | myg | SeeFig. 11,14
Eon Turn-On Switching Loss — | 035 — Ty =25°C, Vge = 15V, Rg=5.0Q
Eoft Turn-Off Switching Loss — | 1.43| — mJ Ic = 20A, Ve = 960V

- — | 1.78]| 2.9 Energy losses include "tail"
Brs Total Switching Loss — | 456| — See Ig?;; 9,10,11,14, Ty=150°C
Le Internal Emitter Inductance — | 18| — nH | Measured 5mm from package
Cies Input Capacitance — | 3600] — Vge = 0V
Coes Output Capacitance — [ 160 — pF | Vgc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 31 — f =1.0MHz

Notes:

® Repetitive rating; Vge = 20V, pulse width limited by

max. junction temperature. ( See fig. 13b )
@ Ve =80%(Vces), Vae = 20V, L = 10pH, Rg = 5.0Q,
(See fig. 13a)

2

® Repetitive rating; pulse width limited by maximum
junction temperature.

@ Pulse width < 80us; duty factor < 0.1%.

® Pulse width 5.0yus, single shot.

www.irf.com
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TGR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

PD- 95189

IRG4PH50KDPDbF

Short Circuit Rated
UltraFast IGBT

Features

e High short circuit rating optimized for motor control,
tsc =10ps, Vcc=720V, T,=125°C,
Vge = 15V

* Combines low conduction losses with high
switching speed G

* Tighter parameter distribution and higher efficiency
than previous generations

* IGBT co-packaged with HEXFRED™ ultrafast,

E
n-channel

Vces = 1200V
VCE(on) typ. = 277V

@Vge =15V, Ig = 24A

ultrasoft recovery antiparallel diodes
e Lead-Free

Benefits

* Latest generation 4 IGBT's offer highest power density
motor controls possible

e HEXFRED™ diodes optimized for performance with IGBTSs.

Minimized recovery characteristics reduce noise, EMI and
switching losses
* This part replaces the IRGPH50KD2 and IRGPH50MD2
products

« For hints see design tip 97003 TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 1200 \Y
Ic @ Tc =25°C Continuous Collector Current 45

Ic @ Tc =100°C | Continuous Collector Current 24

lcm Pulsed Collector Current ® 90 A
ILm Clamped Inductive Load Current @ 90

Ir @ Tc =100°C Diode Continuous Forward Current 16

lem Diode Maximum Forward Current 90

tsc Short Circuit Withstand Time 10 us
VGE Gate-to-Emitter Voltage + 20 \'
Pp @ Tgc =25°C Maximum Power Dissipation 200 W
Pp @ Tgc =100°C | Maximum Power Dissipation 78

Ty Operating Junction and -55 to +150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units

ReJc Junction-to-Case - IGBT — — 0.64

ReJc Junction-to-Case - Diode o o 0.83 °C/W
Rocs Case-to-Sink, flat, greased surface —_— 0.24 _—

Roua Junction-to-Ambient, typical socket mount —_— —_— 40

Wt Weight — 6 (0.21) — g (0z)
www.irf.com 1
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IRG4PH50KDPbF TSR Rectifier

Electrical Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® | 1200| — — \' Vge = 0V, Ic = 250pA
AV@rices/AT, | Temperature Coeff. of Breakdown Voltage | — | 0.91| — | V/°C | Vge =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | — | 2.77| 3.5 Ic = 24A Vge = 15V
— | 328 — \' lc = 45A See Fig. 2,5
— 254 — Ic = 24A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 Vce = VGE, Ic = 250pA
AVGe(thy/ATy | Temperature Coeff. of Threshold Voltage — | -10 | — |mV/°C| VcE = VgE, Ic = 250pA
Ofe Forward Transconductance ® 183 | 19 | — S Vce = 100V, Ic = 24A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vge = 1200V
— | — | 6500 Ve = 0V, Vge = 1200V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 25| 3.5 \Y Ic = 16A See Fig. 13
— | 2.1 | 3.0 Ic = 16A, Ty = 150°C
lgEs Gate-to-Emitter Leakage Current — | — |£100| nA | Vgg =20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max.| Units Conditions
Qq Total Gate Charge (turn-on) — [ 180 | 270 Ic = 24A
Qge Gate - Emitter Charge (turn-on) — | 25 | 38 nC | Vgc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — | 70 | 110 Vge = 15V
td(on) Turn-On Delay Time — 87 | —
tr Rise Time — | 100 | — ns T, =25°C
ta(off) Turn-Off Delay Time — | 140 | 300 Ic = 24A, Ve = 800V
t Fall Time — | 200 | 300 Vge = 15V, Rg = 5.0Q
Eon Turn-On Switching Loss — |3.83| — Energy losses include "tail"
Eoft Turn-Off Switching Loss — |[1.90| — mJ | and diode reverse recovery
Ets Total Switching Loss — |5.73| 7.9 See Fig. 9,10,18
tsc Short Circuit Withstand Time 10 | — | — pus | Voo =720V, Ty=125°C
Vge = 15V, Rg = 5.0Q
td(on) Turn-On Delay Time — | 67 | — Ty =150°C, See Fig. 10,11,18
t Rise Time — 72 — ns Ic = 24A, Ve = 800V
taofr) Turn-Off Delay Time — [ 310 | — Vge = 15V, Rg = 5.0Q,
1 Fall Time — 390 | — Energy losses include "tail"
Ets Total Switching Loss — |8.36| — mJ | and diode reverse recovery
Le Internal Emitter Inductance — 13 | — nH | Measured 5mm from package
Cies Input Capacitance — [2800| — Vge = 0V
Coes Output Capacitance — (140 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | B3 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 90 | 135 | ns | Ty=25°C See Fig.
— | 164 | 245 Ty=125°C 14 If = 16A
ler Diode Peak Reverse Recovery Current | — | 5.8 | 10 A | Ty=25°C See Fig.
— | 83| 15 Ty=125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge — |260 | 675| nC | Ty=25°C See Fig.
— | 680 [ 1838 Ty=125°C 16 di/dt = 200A/us
di(rec)yw/dt Diode Peak Rate of Fall of Recovery — 120 | — | A/us| Ty=25°C See Fig.
During tp — 76 — Ty =125°C 17

2 www.irf.com
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Internationall
ISR Rectifier IRG4PH40UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT

ULTRAFAST SOFT RECOVERY DIODE
Features C

e UltraFast: Optimized for high operating Vces = 1200V
frequencies up to 40 kHz in hard switching,
>200 kHz in resonant mode

* New IGBT design provides tighter
parameter distribution and higher efficiency than
previous generations

* IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in n-channel
bridge configurations

¢ Industry standard TO-247AC package

- @Vge =15V, Ic =21A

Benefits
* Higher switching frequency capability than
competitive IGBTs
* Highest efficiency available
* HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Breakdown Voltage 1200 \Y
lc @ Tc =25°C Continuous Collector Current 4

Ic @ Tc =100°C | Continuous Collector Current 21

lem Pulsed Collector Current ® 82

ILm Clamped Inductive Load Current @ 82 A
Ir @ Tc =100°C | Diode Continuous Forward Current 8.0

IFm Diode Maximum Forward Current 130

VGE Gate-to-Emitter Voltage +20 \'%
Pp @ Tgc =25°C Maximum Power Dissipation 160 W
Pp @ Tgc =100°C | Maximum Power Dissipation 65

Ty Operating Junction and -565 to + 150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm) from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

ReJc Junction-to-Case - IGBT —_— —_— 0.77

RoJc Junction-to-Case - Diode — — 1.7 °C/W
Recs Case-to-Sink, flat, greased surface _— 0.24 _—

Roua Junction-to-Ambient, typical socket mount —_— —_— 40

Wt Weight — 6 (0.21) — g (0z)
www.irf.com 1

7/7/2000



International

IRG4PH40UD TR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max.| Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® |1200| — — \'% Vge = 0V, Ic = 250pA
AV@rices/AT, | Temperature Coeff. of Breakdown Voltage | — | 0.43| — | V/°C | Vge =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | — |2.43| 3.1 Ic=21A Vge = 15V
— |297| — \'% Ilc =41A See Fig. 2,5
— | 247 | — lc =21A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 Vce = Vg, Ic = 250pA
AVGe(thy/ATy | Temperature Coeff. of Threshold Voltage — | -11 | — |mV/°C| Vce = VgE, Ic = 250pA
Ofe Forward Transconductance @ 16 | 24 | — S Vce =100V, Ic = 21A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge=0V, Vce =600V
— — [ 5000 Vge = 0V, Vce = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 26 | 3.3 \ Ic =8.0A See Fig. 13
— |24 31 Ic = 8.0A, Ty = 125°C
lgEs Gate-to-Emitter Leakage Current — | — |[+£100| nA | Vg =+20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
Qg Total Gate Charge (turn-on) — | 86 | 130 Ic=21A
Qge Gate - Emitter Charge (turn-on) — | 13| 20 nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — | 29 | 44 Vge = 15V
td(on) Turn-On Delay Time — | 46 | — T, =25°C
t Rise Time — 35 — ns | lc=21A, Vcc = 800V
ta(off) Turn-Off Delay Time — | 97 | 150 Vae = 15V, Rg = 10Q
tf Fall Time — | 240 | 360 Energy losses include "tail" and
Eon Turn-On Switching Loss — |1.80| — diode reverse recovery.
Eoft Turn-Off Switching Loss — |1.93| — mJ | See Fig. 9, 10, 18
Ets Total Switching Loss — |3.73| 4.6
td(on) Turn-On Delay Time — 42 — Ty=150°C, See Fig. 11,18
1 Rise Time — 32 — ns | lc=21A, Vcc = 800V
ta(off) Turn-Off Delay Time — (240 | — Vge = 15V, Rg = 10Q
tf Fall Time — | 510 | — Energy losses include "tail" and
Eits Total Switching Loss — |7.04| — mJ | diode reverse recovery.
Lg Internal Emitter Inductance — 183 | — nH | Measured 5mm from package
Cies Input Capacitance — [1800| — Vge =0V
Coes Output Capacitance — [ 120 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 18 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 63| 95 ns | Ty=25°C See Fig.
— | 106 | 160 Ty=125°C 14 I =8.0A
ler Diode Peak Reverse Recovery Current | — | 4.5 | 8.0 A | T;=25°C See Fig.
— | 6.2 1 Ty=125°C 15 Vg =200V
Qi Diode Reverse Recovery Charge — [ 140|380 | nC | Ty=25°C See Fig.
— | 335 880 Ty=125°C 16 di/dt = 200A/us
di(rec)w/dt Diode Peak Rate of Fall of Recovery — | 133| — | Alus| Ty=25°C See Fig.
During tp — 85 — T, =125°C 17
2 www.irf.com



International
ISR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR

PD - 91578B

IRG4PH40K

Short Circuit Rated
UltraFast IGBT

Features

e High short circuit rating optimized for motor control,
tsc =10ps, Vec=720V, T;=125°C,
Vge = 15V

» Combines low conduction losses with high
switching speed

* Latest generation design provides tighter parameter
distribution and higher efficiency than previous

generations

T
Vces = 1200V
VCE(on) typ. = 2.74V
E @Vge =15V, Ic = 15A
n-channel

Benefits

* As a Freewheeling Diode we recommend our
HEXFRED™ ultrafast, ultrasoft recovery diodes for
minimum EMI / Noise and switching losses in the
Diode and IGBT

* Latest generation 4 IGBT's offer highest power
density motor controls possible

* This part replaces the IRGPH40K and IRGPH40M
devices

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 1200 \Y
Ic @ Tc =25°C Continuous Collector Current 30

Ic @ Tc =100°C | Continuous Collector Current 15 A
lom Pulsed Collector Current ® 60

ILm Clamped Inductive Load Current @ 60

tsc Short Circuit Withstand Time 10 us
VGE Gate-to-Emitter Voltage +20 \'
Earv Reverse Voltage Avalanche Energy @ 180 mJ
Pp @ T¢ =25°C Maximum Power Dissipation 160 W
Pp @ T¢c =100°C | Maximum Power Dissipation 65

Ty Operating Junction and -55 to +150

TsTa Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units

ReJyc Junction-to-Case e 0.77

Recs Case-to-Sink, Flat, Greased Surface 0.24 _— °C/W
Roua Junction-to-Ambient, typical socket mount —_— 40

Wt Weight 6 (0.21) —_— g (0z)
www.irf.com 1

2/7/2000



International

IRG4PH40K TR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage 1200 | — — \'% Vge =0V, Ic = 250pA
V(BR)ECS Emitter-to-Collector Breakdown Voltage @ | 18 — — \'% Vge=0V, Ic=1.0A
AV@rices/AT, | Temperature Coeff. of Breakdown Voltage | — [0.37 | — | V/°C | Vge =0V, Ic = 1.0mA
— |254 | — Ic = 10A
Vceon) Collector-to-Emitter Saturation Voltage — [274 )34 Vv lc =154 Vee = 1_5V
— 329 | — Ic =30A See Fig.2, 5
— |253 | — lc=15A, Ty =150°C
VGE(th) Gate Threshold Voltage 30 | — | 6.0 Vce = VaE, Ic = 250pA
AVGe(thy/ATy | Temperature Coeff. of Threshold Voltage — | -33 | — |mV/°C| VcE = VaE, Ic = 250pA
Ofe Forward Transconductance ® 8.0 | 12 — S Vce= 100V, Ic = 15A
— — | 250 Vge =0V, Vge = 1200V
lces Zero Gate Voltage Collector Current — | — | 20 WA | Ve =0V, Vce =10V, T; =25°C
— — | 3000 Vge =0V, Ve = 1200V, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |x100 | nA | Vge =+20V

Switching Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. [Max.| Units Conditions
Qg Total Gate Charge (turn-on) — | 94 [140 Ic = 15A
Qge Gate - Emitter Charge (turn-on) — | 14 | 22 nC | Vcc =400V See Fig.8
Qqe Gate - Collector Charge (turn-on) — | 37 | 55 Vge = 15V
td(on) Turn-On Delay Time — | 30 | —
tr Rise Time — | 22 — ns Ty =25°C
td(offy Turn-Off Delay Time — | 200 |300 Ic = 15A, Vcc = 960V
tf Fall Time — | 150 | 230 Vge = 15V, Rg = 10Q
Eon Turn-On Switching Loss — 10.73 | — Energy losses include "tail"
Eoff Turn-Off Switching Loss — |1.66 | — mJ | See Fig. 9,10,14
Ets Total Switching Loss — 239 | 2.9
tsc Short Circuit Withstand Time 10 | — | — pus | Vec =720V, Ty=125°C
Vge = 15V, Rg = 10Q
td(on) Turn-On Delay Time — [ 29 | — Ty =150°C,
t Rise Time — 24 — Ic = 15A, Vgc = 960V
toff) Turn-Off Delay Time — 870 | — | ™ | Vae=15V, Rg = 10Q
t Fall Time — [ 330 | — Energy losses include "tail"
Eits Total Switching Loss — 493 | — mJ | See Fig. 10,11,14
Eon Turn-On Switching Loss — 037 | — Ty=25°C, Vge =15V, Rg=10Q
Eoft Turn-Off Switching Loss — |0.89 | — mJ | Ic =10A, Vgc =960V
Ets Total Switching Loss — [1.26 | — Energy losses include "tail"
Lg Internal Emitter Inductance — | 18 | — nH | Measured 5mm from package
Cies Input Capacitance — [1600 | — Vge = 0V
Coes Output Capacitance — | 77 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 26 | — f =1.0MHz
Details of note @ through ® are on the last page
2 www.irf.com



PD- 91777

IRG4PH20KD

Short Circuit Rated
UltraFast IGBT

International

TSR Rectifier
INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DIODE

Features ¢

+ High short circuit rating optimized for motor control, Vces = 1200V
tso =10ps, Voo =720V, T, = 125°C,
Vge = 15V _

+ Combines low conduction losses with high G VeE(on) typ. = 317V
switching speed

- Tighter parameter distribution and higher efficiency e @Vge =15V, Ic =5.0A
than previous generations

« IGBT co-packaged with HEXFRED™ ultrafast, n-channel

ultrasoft recovery antiparallel diodes

Benefits

« Latest generation 4 IGBT's offer highest power density
motor controls possible

« HEXFRED™ diodes optimized for performance with IGBTs.
Minimized recovery characteristics reduce noise, EMI and
switching losses

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 1200 Vv
lc @ Tg =25°C Continuous Collector Current 11

Ic @ Tg =100°C | Continuous Collector Current 5.0

lcm Pulsed Collector Current ® 22 A
ILm Clamped Inductive Load Current @ 22

IF@ Tc =100°C | Diode Continuous Forward Current 5.0

[=V] Diode Maximum Forward Current 22

tsc Short Circuit Withstand Time 10 us
Vae Gate-to-Emitter Voltage + 20 V
Pp @ Tg = 25°C Maximum Power Dissipation 60 W
Pp @ Tg = 100°C | Maximum Power Dissipation 24

Ty Operating Junction and -55 to +150

TstG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units

ReJc Junction-to-Case - IGBT — — 2.1

ReJc Junction-to-Case - Diode — — 3.5 °C/W
Recs Case-to-Sink, flat, greased surface o 0.24 —_—

ReJa Junction-to-Ambient, typical socket mount —_— —_— 40

Wt Weight — 6 (0.21) — g (0z)
www.irf.com 1

6/25/98



IRG4PH20KD

International

IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® | 1200 — — V Vge = 0V, Ic = 250pA
AV@rices/ATy | Temperature Coeff. of Breakdown Voltage | — | 1.13| — | V/°C | Vge =0V, Ic = 2.5mA
VGE(on) Collector-to-Emitter Saturation Voltage | — | 3.17| 4.3 Ic = 5.0A Vge = 15V
— 1 4.04 \" Ic=11A See Fig. 2,5
— 284 — Ic =5.0A, Ty = 150°C
VGE(th) Gate Threshold Voltage 35| — | 65 Vce = VG, Ic = 250pA
AVGe(thyATy | Temperature Coeff. of Threshold Voltage — | -10 | — |mV/°C| Vge = Vgg, Ic = TmA
Ofe Forward Transconductance @ 23| 35| — S Vce = 100V, Ig = 5.0A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vge = 1200V
— | — |1000 Vge = 0V, Vge = 1200V, Ty = 150°C
VEm Diode Forward Voltage Drop — [ 25| 29 \' Ic = 5.0A See Fig. 13
— | 22| 26 Ic =5.0A, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |£100| nA | Vgg = +20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max.| Units Conditions
Qq Total Gate Charge (turn-on) — | 28 | 43 Ic = 5.0A
Qge Gate - Emitter Charge (turn-on) — | 44| 6.6 nC | Vgc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — |12 | 18 Vge = 15V
td(on) Turn-On Delay Time — 50 | —
tr Rise Time — | 30 | — ns Ty =25°C
td(otf) Turn-Off Delay Time — | 100 | 150 Ic = 5.0A, Vcc = 800V
t Fall Time — | 250 | 380 Vge = 15V, Rg = 50Q
Eon Turn-On Switching Loss — (062 — Energy losses include "tail"
Eoif Turn-Off Switching Loss — 1030 — mJ | and diode reverse recovery
Eis Total Switching Loss — [0.92| 1.2 See Fig. 9,10,18
tsc Short Circuit Withstand Time 10 | — | — us | Vec =720V, Ty=125°C
Vae = 15V, Rg = 50Q
td(on) Turn-On Delay Time — 50 | — Ty = 150°C, See Fig. 10,11,18
tr Rise Time — |3 | — ns Ic = 5.0A, Vcc = 800V
td(off) Turn-Off Delay Time — (110 | — Vge = 15V, Rg = 509,
t Fall Time — | 620 | — Energy losses include "tail"
Eis Total Switching Loss — | 16| — mJ | and diode reverse recovery
Le Internal Emitter Inductance — | 13 | — nH | Measured 5mm from package
Cies Input Capacitance — | 435 | — Vge = 0V
Coes Output Capacitance — | 4 | — pF | Vcc =30V See Fig. 7
| Cres Reverse Transfer Capacitance — |83 | — f=1.0MHz
tr Diode Reverse Recovery Time — | 51 77 ns | Ty=25°C See Fig.
— | 68 | 102 Ty =125°C 14 I =5.0A
Iy Diode Peak Reverse Recovery Current | — | 6.0 | 9.0 A | Ty=25°C See Fig.
— | 7.0 | 11 Ty =125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge — | 183|274 nC | Ty=25°C See Fig.
— | 285 | 427 Ty=125°C 16 di/dt = 200A/ps|
direcym/dt Diode Peak Rate of Fall of Recovery — | 380 | — | Alus| Ty=25°C See Fig.
During tp — 307 | — Ty=125°C 17
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International

I€2R

Rectifier

PD - 9.693A

IRGPC40F

INSULATED GATE BIPOLAR TRANSISTOR

Features

+ Switching-loss rating includes all "tail" losses
* Optimized for medium operating frequency (1 to
10kHz) See Fig. 1 for Current vs. Frequency curve

Description

Insulated Gate Bipolar Transistors (IGBTs) from International Rectifier have
higher usable current densities than comparable bipolar transistors, while at
the same time having simpler gate-drive requirements of the familiar power
MOSFET. They provide substantial benefits to a host of high-voltage, high-

Fast Speed IGBT

C
Vces = 600V
VcE(sat) £ 2.0V
E @VGE = 15V, |C =27A
n-channel

current applications.

TO-247AC

Absolute Maximum Ratings

Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \
lc@ Tc=25°C Continuous Collector Current 49
lc @ Tc =100°C Continuous Collector Current 27 A
lem Pulsed Collector Current @ 200
ILm Clamped Inductive Load Current @ 200
Ve Gate-to-Emitter Voltage +20 \
Earv Reverse Voltage Avalanche Energy ® 15 mJ
Pbo@ Tc=25°C Maximum Power Dissipation 160 W
Ppb @ Tc =100°C | Maximum Power Dissipation 65
Ty Operating Junction and -55 to +150
Tste Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)

Thermal Resistance

Parameter Min Typ. Max. Units
Reuc Junction-to-Case — — 0.77
Recs Case-to-Sink, flat, greased surface — 0.24 — °C/W
Reua Junction-to-Ambient, typical socket mount — — 40
Wit Weight — 6 (0.21) — g (0z)

Revision 0

C-81



IRGPC40F I2R
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions

V(BR)CES Collector-to-Emitter Breakdown Voltage | 600 | — — \ Vge = 0V, Ic = 250pA

V(BRIECS Emitter-to-Collector Breakdown Voltage @ | 20 — — \ Vee =0V, Ic = 1.0A

AVr)ces/ATy| Temp. Coeff. of Breakdown Voltage — 1070 | — |V/°C | Vge =0V, Ic =1.0mA

VcE(on) Collector-to-Emitter Saturation Voltage — 1.7 1 20 Ic = 27A Vge = 15V
— |22 | — Vv Ic =49A See Fig. 2,5
— |19 | — Ic = 27A, Ty = 150°C

VGE(th) Gate Threshold Voltage 30 | — 55 Vce = VeE, Ic = 250pA

AVGE(thyATy| Temp. Coeff. of Threshold Voltage — | 12 | — mV/°C| VcE = VaE, Ic = 250pA

Jfe Forward Transconductance ® 9.2 12 — S Vce =100V, Ic = 27A

Ices Zero Gate Voltage Collector Current — — 1250 | pA | Ve =0V, Vcg = 600V
— | — 1000 Vee = 0V, Vce = 600V, T, = 150°C

lces Gate-to-Emitter Leakage Current — — [#100| nA | Vge = £20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. [Max. | Units Conditions
Qg Total Gate Charge (turn-on) — | 59 | 80 Ic = 27A
Qge Gate - Emitter Charge (turn-on) — | 86 | 10 nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — 25 42 Ve = 15V
td(on) Turn-On Delay Time — 25 — Ty=25°C
tr Rise Time — 37 — ns Ic = 27A, V¢cc = 480V
td(off) Turn-Off Delay Time — | 240 | 410 Vee = 15V, Rg = 10Q
te Fall Time — | 230 | 420 Energy losses include "tail"
Eon Turn-On Switching Loss — 1065 | —
Eoff Turn-Off Switching Loss — |30 | — md | See Fig. 9, 10, 11, 14
Eis Total Switching Loss — 13.65] 6.0
td(on) Turn-On Delay Time — 28 — Ty =150°C,
tr Rise Time — 37 — ns Ic = 27A, Ve = 480V
td(off) Turn-Off Delay Time — 1380 | — Ve = 15V, Rg = 10Q
te Fall Time — | 460 | — Energy losses include "tail"
Eis Total Switching Loss — | 6.0 | — mJ | See Fig. 10, 14
Le Internal Emitter Inductance — 13 | — nH | Measured 5mm from package
Cies Input Capacitance — 1500 | — Vee = 0V
Coes Output Capacitance — 1190 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — 20 — f =1.0MHz
Notes:

@ Repetitive rating; Vge=20V, pulse width

limited by max. junction temperature.
( See fig. 13b )

@ VCC=80%(VCES)v VGE=20V! L=10HH,

Rg=10Q, ( See fig. 13a)

C-82

® Repetitive rating; pulse width limited
by maximum junction temperature.

® Pulse width 5.0ps,
single shot.

@ Pulse width < 80us; duty factor < 0.1%.




International SMPS IGBT PD - 95330A

ISR Rectifier IRGP50B60PD1PbF

WARP2 SERIES IGBT WITH
ULTRAFAST SOFT RECOVERY DIODE

c Vces = 600V
Applications VeE(on) typ. = 2.00V
e Telecom and Server SMPS @ Vge=15V Ic = 33A
e PFC and ZzVS SMPS Circuits
¢ Uninterruptable Power Supplies Equivalent MOSFET
. E)ondsuFmer Electronics Power Supplies G Parameterso
e | ead-rree
Features E RoE(en) BYP- = 61m2
» " Ip (FET equivalent) = 50A
¢ NPT Technology, Positive Temperature Coefficient n-channel
o Lower Vce(SAT)
o Lower Parasitic Capacitances
e Minimal Tail Current
e HEXFRED Ultra Fast Soft-Recovery Co-Pack Diode i
e Tighter Distribution of Parameters
e Higher Reliability .
C
Benefits .
o Parallel Operation for Higher Current Applications
¢ Lower Conduction Losses and Switching Losses TO-247AC
¢ Higher Switching Frequency up to 150kHz
Absolute Maximum Ratings
Parameter Max. Units
Vces Collector-to-Emitter Voltage 600 Vv
Ic @ Tg =25°C Continuous Collector Current 75
Ic @ Tc = 100°C Continuous Collector Current 45
lom Pulse Collector Current (Ref. Fig. C.T.4) 150
lim Clamped Inductive Load Current @ 150 A
Ir @ Tc =25°C Diode Continous Forward Current 40
Ir @ Tc = 100°C Diode Continous Forward Current 15
Ierm Maximum Repetitive Forward Current ® 60
Ve Gate-to-Emitter Voltage +20 \Y
Pp @ Tg =25°C Maximum Power Dissipation 390 W
Pp @ T¢ = 100°C Maximum Power Dissipation 156
T, Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw 10 Ibf-in (1.1 N-m)
Thermal Resistance
Parameter Min. Typ. Max. Units
Rosc (IGBT) Thermal Resistance Junction-to-Case-(each IGBT) _— —_— 0.32 °C/W
Reusc (Diode) Thermal Resistance Junction-to-Case-(each Diode) — —_— 1.7
Rocs Thermal Resistance, Case-to-Sink (flat, greased surface) — 0.24 —
Rosa Thermal Resistance, Junction-to-Ambient (typical socket mount) — —_— 40
Weight — 6.0 (0.21) — g (0z)
www.irf.com 1
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IRGP50B60PD1PbF

International

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max. [Units Conditions Ref.Fig
V(BR)CES Collector-to-Emitter Breakdown Voltage 600 — — V' |Vge=0V, Ic = 500pA
AVgrices/AT; | Temperature Coeff. of Breakdown Voltage — 0.31 — | V/I°C |Vge =0V, Ic = TmA (25°C-125°C)
Ra Internal Gate Resistance — 1.7 — Q |1MHz, Open Collector
— 2.00 | 2.35 lc = 33A, Vge = 15V 4,5,6,8,9
Vee(n) Collector-to-Emitter Saturation Voltage — 245 | 2.85 V |l =50A, Vge = 15V
— 2.60 | 2.95 lc =33A, Vge = 15V, T, = 125°C
— 3.20 | 3.60 Ic =50A, Vge = 15V, T, = 125°C
VaEn) Gate Threshold Voltage 3.0 4.0 5.0 V | Ic=250pA 7,89
AV gy AT Threshold Voltage temp. coefficient — -10 — |ImV/°C|Vce = Ve, Ic = 1.0mA
gfe Forward Transconductance — 41 — S |Vce =50V, Ic = 33A, PW = 80us
lces Collector-to-Emitter Leakage Current — 5.0 500 WA |Vge =0V, Ve = 600V
— 1.0 — mA |Vge =0V, Vce =600V, T, = 125°C
Vem Diode Forward Voltage Drop — 1.30 | 1.70 V |lg=15A, Vge =0V 10
— 1.20 | 1.60 le=15A, Vge =0V, T, =125°C
lges Gate-to-Emitter Leakage Current — — +100| nA |Vge =20V, Vge =0V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max. |Units Conditions Ref.Fig
Qg Total Gate Charge (turn-on) — 205 308 lc =33A 17
Qqc Gate-to-Collector Charge (turn-on) — 70 105 nC |Vcc =400V CT1
Qqe Gate-to-Emitter Charge (turn-on) — 30 45 Vge =15V
Eon Turn-On Switching Loss — 255 305 Ic = 33A, Vgc = 390V CT3
Eoff Turn-Off Switching Loss — 375 445 uJ [Vee =+15V, Rg = 3.3Q, L = 200pH
Etotal Total Switching Loss — 630 750 TJ = 25°C ®
td(on) Turn-On delay time — 30 40 lc = 33A, Ve = 390V CT3
t Rise time — 10 15 ns |Vge=+15V, Rg = 3.3Q, L = 200pH
ta(oth) Turn-Off delay time — 130 150 T,=25°C ®
t Fall time — 11 15
Eon Turn-On Switching Loss — 580 700 Ic = 33A, Ve = 390V CT3
Eoff Turn-Off Switching Loss — 480 550 ud  [Vee =+15V, Rg = 3.3Q, L = 200pH 11,13
Eiotal Total Switching Loss — 1060 | 1250 T,=125°C ® WF1,WF2
ta(on) Turn-On delay time — 26 35 Ic = 33A, V¢e = 390V CT3
t, Rise time — 13 20 ns |Vge=+15V, Rg =3.3Q, L = 200pH 12,14
ta(of) Turn-Off delay time — 146 165 T,=125°C @ WF1,WF2
t Fall time — 15 20
Cies Input Capacitance — 3648 — Vge =0V 16
Coes Output Capacitance — | 322 | — Voo = 30V
Cres Reverse Transfer Capacitance — 56 — pF [f=1Mhz
Coes eff. Effective Output Capacitance (Time Related) ® — 215 — Ve = 0V, Ve = 0V to 480V 15
Coes eff. (ER) |Effective Output Capacitance (Energy Related) ® — 163 —
T,=150°C, Ic = 150A 3
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Vce = 480V, Vp =600V CT2
Rg = 22Q, Vge = +15V to OV
te Diode Reverse Recovery Time — 42 60 ns |T,=25°C le=15A, Vg = 200V, 19
— 74 120 T,=125°C  di/dt = 200A/us
Qr Diode Reverse Recovery Charge — 80 180 nC [T,=25°C le=15A, Vg = 200V, 21
— 220 600 T,=125°C  di/dt = 200A/us
" Peak Reverse Recovery Current — 4.0 6.0 A |T;=25°C le=15A, Vg = 200V, 19,2021,22
— 6.5 10 T,=125°C  di/dt = 200A/us CT5
Notes:

@ Rce(on) typ. = equivalent on-resistance = Vcg(on) typ./ Ic, where Vcgon) typ.= 2.00V and Ic =33A. Ip (FET Equivalent) is the equivalent MOSFET Ip
rating @ 25°C for applications up to 150kHz. These are provided for comparison purposes (only) with equivalent MOSFET solutions.
@ VCC =80% (VCES)a VGE = 15V, L=28 [JH, RG =22 Q.
® Pulse width limited by max. junction temperature.
@ Energy losses include "tail" and diode reverse recovery, Data generated with use of Diode 30ETHO6.
® Coes eff. is a fixed capacitance that gives the same charging time as C,es While V¢ is rising from 0 to 80% Vcs.
Coes eff.(ER) is a fixed capacitance that stores the same energy as Cqes While Vg is rising from 0 to 80% VcEs.

2
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Internationdl

TIGR Rectifier

SMPS IGBT

WARP2 SERIES IGBT WITH
ULTRAFAST SOFT RECOVERY DIODE

Applications

e Telecom and Server SMPS

e PFC and ZVS SMPS Circuits

¢ Uninterruptable Power Supplies
[ )

PD - 94624B

IRGP50B60PD

Consumer Electronics Power Supplies G

Features

NPT Technology, Positive Temperature Coefficient
Lower Vce(SAT)

Lower Parasitic Capacitances

Minimal Tail Current

HEXFRED Ultra Fast Soft-Recovery Co-Pack Diode
Tighter Distribution of Parameters

Higher Reliability

E

n-channel

Vs = 600V
VCE(on) typ =2.00V
@ Vge = 15V I = 33A

Equivalent MOSFET
Parameterso
RCE(on) typ. = 61mQ
Ip (FET equivalent) = 50A

“E
“C
Benefits
o Parallel Operation for Higher Current Applications
¢ Lower Conduction Losses and Switching Losses TO-247AC
¢ Higher Switching Frequency up to 150kHz
Absolute Maximum Ratings
Parameter Max. Units
Vees Collector-to-Emitter Voltage 600 \'
lc @ Tg =25°C Continuous Collector Current 75
Ic @ T =100°C Continuous Collector Current 42
lom Pulse Collector Current (Ref. Fig. C.T.4) 150
lim Clamped Inductive Load Current @ 150 A
Ir @ Tg =25°C Diode Continous Forward Current 50
Ir @ Tc =100°C Diode Continous Forward Current 25
leRm Maximum Repetitive Forward Current ® 100
Ve Gate-to-Emitter Voltage +20 \'
Pp @ Tg =25°C Maximum Power Dissipation 370 w
Pp @ T;=100°C Maximum Power Dissipation 150
T, Operating Junction and -55 to +150
Tsta Storage Temperature Range °C
Soldering Temperature for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw 10 Ibf-in (1.1 N-m)
Thermal Resistance
Parameter Min Typ. Max. Units
Rgyc (IGBT) Thermal Resistance Junction-to-Case-(each IGBT) —_ —_ 0.34 °C/W
Royc (Diode) Thermal Resistance Junction-to-Case-(each Diode) —_— —_— 0.64
Rocs Thermal Resistance, Case-to-Sink (flat, greased surface) —_ 0.24 —_
Rosa Thermal Resistance, Junction-to-Ambient (typical socket mount) — — 40
Weight — 6.0 (0.21) — g (0z)
1 www.irf.com
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IRGP50B60PD

International

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
V(er)ces Collector-to-Emitter Breakdown Voltage 600 — — V  |Vge =0V, Ig = 500pA
AV grices/AT; | Temperature Coeff. of Breakdown Voltage — 0.61 — | V/°C |Vge =0V, Ic = 1TmA (25°C-125°C)
Rg Internal Gate Resistance — 1.2 — Q |1MHz, Open Collector
— 2.0 2.2 Ic = 33A, Vge = 15V 4,5,6,8,9
VcE(on) Collector-to-Emitter Saturation Voltage — 24 2.6 V |lg=50A, Vge = 15V
— 2.6 29 Ic =33A, Vge = 15V, T, = 125°C
— 3.2 3.6 Ic =50A, Vge = 15V, T; = 125°C
Veeh) Gate Threshold Voltage 3.0 4.0 5.0 V | lc =250pA 7,89
AVgeny/ATJ Threshold Voltage temp. coefficient — -7.07 — |mV/°C]Vce = Vg, Ic = 1.0mA
gfe Forward Transconductance — 42 — S |Vce =50V, Ic =33A, PW = 80us
lces Collector-to-Emitter Leakage Current — 5.0 500 WA |Vge =0V, Ve = 600V
— 1.0 — mA |Vge =0V, Vce = 600V, T, = 125°C
— 1.3 1.7 Ir = 25A, Vge = 0V
Vem Diode Forward Voltage Drop — 15 2.0 V  |lg=50A, Vge =0V 10
— 1.3 1.7 Ir=25A, Vge =0V, T;=125°C
lges Gate-to-Emitter Leakage Current — —_ +100 | nA |Vge = %20V, Ve =0V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
Qg Total Gate Charge (turn-on) — 240 360 Ic=33A 17
Qe Gate-to-Collector Charge (turn-on) — 41 82 nC |Vcc =400V cT1
Qqe Gate-to-Emitter Charge (turn-on) — 84 130 Vge = 15V
Eon Turn-On Switching Loss — 360 590 lc = 33A, Vg = 390V CT3
Eoff Turn-Off Switching Loss — 380 420 pd  |Vge =+15V, Rg =3.3Q, L =210pH
Etotal Total Switching Loss — 740 | 960 TJ=25°C®
ta(on) Turn-On delay time —_ 34 44 Ic = 33A, Ve = 390V CT3
t, Rise time — 26 36 ns |Vge =+15V, Rg =3.3Q, L =210pH
ta(oft) Turn-Off delay time — 130 | 140 T,=25°C®
t Fall time — 43 56
Eon Turn-On Switching Loss — 610 880 Ic = 33A, Vg = 390V CT3
Eoff Turn-Off Switching Loss — 460 530 ud  |Vge =+15V, Rg =3.3Q, L = 210pH 11,13
Eiotal Total Switching Loss — 1070 | 1410 T,=125°C ® WF1,WF2
td(on) Turn-On delay time —_ 33 43 Ic = 33A, Ve = 390V CT3
t, Rise time — 26 36 ns |[Vge=+15V, Rg =3.3Q, L = 200pH 12,14
ta(off) Turn-Off delay time — 140 160 T,=125°C ® WF1,WF2
t Fall time — 50 65
Cies Input Capacitance — 4750 — Vge =0V 16
Coes Output Capacitance — 390 — Vce = 30V
Cres Reverse Transfer Capacitance — 58 — pF |f=1Mhz
Coes ©ff. Effective Output Capacitance (Time Related) ® — 280 — Ve = 0V, Ve = 0V to 480V 15
Coes eff. (ER) |Effective Output Capacitance (Energy Related) ® — 190 —
T,=150°C, Ic = 150A 3
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Ve =480V, Vp =600V CT2
Rg =22Q, Vge = +15V to OV
te Diode Reverse Recovery Time — 50 75 ns |T,=25°C Ir=25A, Vg = 200V, 19
— 105 160 T,=125°C di/dt = 200A/us
Q. Diode Reverse Recovery Charge — 112 375 nC |T,=25°C Ir=25A, Vg =200V, 21
— 420 | 4200 T,=125°C di/dt = 200A/us
Iy Peak Reverse Recovery Current — 4.5 10 A [T,=25°C Ir=25A, Vg =200V, 19,20,21,22
L — 8.0 15 T,=125°C di/dt = 200A/us CTs
NUILTOS.

@ Rceon) typ. = equivalent on-resistance = Vcg(on) typ./ Ic, where Veg(on)

rating @ 25°C for applications up to 150kHz. These are provided for comparison purposes (only) with equivalent MOSFET solutions.
@ Vg = 80% (Vegs), Vge =20V, L =28 pH, Rg =22 Q.
® Pulse width limited by max. junction temperature.
@ Energy losses include "tail" and diode reverse recovery, Data generated with use of Diode 30ETHO6.
® Cyes eff. is a fixed capacitance that gives the same charging time as Cges While V¢ is rising from 0 to 80% V¢Es.
Coes eff.(ER) is a fixed capacitance that stores the same energy as C,es While Vg is rising from 0 to 80% Vcgs.

2

typ.= 2.00V and I¢ =33A. Ip (FET Equivalent) is the equivalent MOSFET Ip
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International PD - 946254
TSR Rectifier SMPS IGBT IRGP50B60PD1
WARP2 SERIES IGBT WITH
ULTRAFAST SOFT RECOVERY DIODE
C Vces = 600V
Applications VcE(on) typ. = 2.00V
e Telecom and Server SMPS @ Vge=15V Ic = 33A
e PFC and ZVS SMPS Circuits
¢ Uninterruptable Power Supplies Equivalent MOSFET
e Consumer Electronics Power Supplies G Parameterso
E RCE(on) typ =61mQ
Features N 5 Ip (FET equivalent) = 50A
e NPT Technology, Positive Temperature Coefficient n-channel
o Lower Vce(SAT)
o Lower Parasitic Capacitances
e Minimal Tail Current
o HEXFRED Ultra Fast Soft-Recovery Co-Pack Diode
o Tighter Distribution of Parameters
o Higher Reliability E
-~

Benefits
o Parallel Operation for Higher Current Applications
¢ Lower Conduction Losses and Switching Losses TO-247AC
¢ Higher Switching Frequency up to 150kHz
Absolute Maximum Ratings

Parameter Max. Units
Vees Collector-to-Emitter Voltage 600 \'
Ilc @ T =25°C Continuous Collector Current 75
Ic @ T =100°C Continuous Collector Current 45
lom Pulse Collector Current (Ref. Fig. C.T.4) 150
Iim Clamped Inductive Load Current @ 150 A
Ir @ T; =25°C Diode Continous Forward Current 40
Ir @ Tc=100°C Diode Continous Forward Current 15
lERM Maximum Repetitive Forward Current ® 60
Ve Gate-to-Emitter Voltage +20 \'
Pp @ Tc=25°C Maximum Power Dissipation 390 w
Pp @ T =100°C Maximum Power Dissipation 156
T, Operating Junction and -55 to +150
Tsta Storage Temperature Range °C

Soldering Temperature for 10 sec.

300 (0.063 in. (1.6mm) from case)

Mounting Torque, 6-32 or M3 Screw

10 Ibf-in (1.1 N-m)

Thermal Resistance

Parameter Min Typ. Max. Units
Rgyc (IGBT) Thermal Resistance Junction-to-Case-(each IGBT) —_— o 0.32 °C/W
Rgyc (Diode) Thermal Resistance Junction-to-Case-(each Diode) —_— —_— 1.7
Regcs Thermal Resistance, Case-to-Sink (flat, greased surface) —_— 0.50 —_—
Roua Thermal Resistance, Junction-to-Ambient (typical socket mount) — —_— 40
Weight — 6.0 (0.21) — g (0z)
1 www.irf.com
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IRGP50B60PD1 Internationall

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
V(BRcEs Collector-to-Emitter Breakdown Voltage 600 — — V  |Vge =0V, Ic = 500pA
AVgrices/AT; | Temperature Coeff. of Breakdown Voltage — 0.31 — | V/°C |Vge =0V, Ic = TmA (25°C-125°C)
Rg Internal Gate Resistance — 1.7 — Q |1MHz, Open Collector
— 2.00 | 2.35 Ic =33A, Vge = 15V 4,56,8,9
Vee(on) Collector-to-Emitter Saturation Voltage — 245 | 2.85 V |lc =50A, Vge = 15V
— 2.60 | 2.95 Ic=33A, Vge =15V, T, = 125°C
— 3.20 | 3.60 Ic =50A, Vge = 15V, T, = 125°C
Vae(h) Gate Threshold Voltage 3.0 4.0 5.0 V | lc =250pA 7,89
AVeeany/ATI Threshold Voltage temp. coefficient — -10 — |mV/°C|Vce = Vgg, Ic = 1.0mA
gfe Forward Transconductance — 41 — S [Vee =50V, Ig = 33A, PW = 80ps
lces Collector-to-Emitter Leakage Current — 5.0 500 MA |Vge =0V, Ve = 600V
— 1.0 — mA [Vge =0V, Vee = 600V, T; = 125°C
Vem Diode Forward Voltage Drop —_ 1.30 | 1.70 V |lg=15A, Vge = OV 10
— 1.20 | 1.60 Ir=15A, Vge =0V, T;=125°C
lges Gate-to-Emitter Leakage Current —_ — +100| nA |Vge =+20V, Ve =0V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Ref.Fig
Qg Total Gate Charge (turn-on) —_ 205 308 Ic =33A 17
Qqe Gate-to-Collector Charge (turn-on) — 70 105 nC |Vcc =400V CT1
Qqe Gate-to-Emitter Charge (turn-on) —_ 30 45 Vge =15V
Eon Turn-On Switching Loss — 255 305 lc = 33A, Ve = 390V CT3
Eof Turn-Off Switching Loss —_ 375 445 pu  |Vge =+15V, Rg = 3.3Q, L = 200uH
Erotal Total Switching Loss — 630 | 750 TJ=25°C @
td(on) Turn-On delay time —_ 30 40 lc = 33A, Ve = 390V CT3
1 Rise time — 10 15 ns |Vge =+15V, Rg = 3.3Q, L = 200pH
ta(offy Turn-Off delay time — 130 150 T,=25°C®
t Fall time — 11 15
Eon Turn-On Switching Loss —_ 580 700 lc = 33A, Ve = 390V CT3
E o Turn-Off Switching Loss — 480 550 u  |Vge =+15V, Rg = 3.3Q, L = 200pH 11,13
Eiotal Total Switching Loss — 1060 | 1250 T,=125°C @ WF1,WF2
td(on) Turn-On delay time — 26 35 lc = 33A, Ve = 390V CT3
t, Rise time —_ 13 20 ns |Vge =+15V, Rg =3.3Q, L = 200pH 12,14
ta(offy Turn-Off delay time — 146 165 T,=125°C @ WF1,WF2
1 Fall time —_ 15 20
Cies Input Capacitance — 3648 — Vge = 0V 16
Coes Output Capacitance — 322 — Vee = 30V
Cres Reverse Transfer Capacitance — 56 — pF |f = 1Mhz
Coes eff. Effective Output Capacitance (Time Related) ® — 215 — Vge = OV, Ve = OV to 480V 15
C,es eff. (ER) |Effective Output Capacitance (Energy Related) ® — 163 _
T, =150°C, Ic = 150A 3
RBSOA Reverse Bias Safe Operating Area FULL SQUARE Ve = 480V, Vp =600V CT2
Rg =22Q, Vge = +15V to OV
e Diode Reverse Recovery Time — 42 60 ns |T,=25°C Ir=15A, Vg = 200V, 19
— 74 120 T,=125°C  di/dt = 200A/us
Qy Diode Reverse Recovery Charge — 80 180 nC [T,=25°C Ir=15A, Vg = 200V, 21
— 220 600 T,=125°C  di/dt = 200A/us
r Peak Reverse Recovery Current — 4.0 6.0 A |T,=25°C Ir=15A, Vg = 200V, 19,20,21,22
— 6.5 10 T,=125°C  di/dt = 200A/us CT5
Notes:

@ Rce(on) typ. = equivalent on-resistance = Vcg(on) typ./ I, where Vgg(on) typ.= 2.00V and I =33A. Ip (FET Equivalent) is the equivalent MOSFET Ip
rating @ 25°C for applications up to 150kHz. These are provided for comparison purposes (only) with equivalent MOSFET solutions.
@ Vg = 80% (Vegs), Vge =20V, L =28 pH, Rg =22 Q.
® Pulse width limited by max. junction temperature.
@ Energy losses include "tail" and diode reverse recovery, Data generated with use of Diode 30ETHO6.
® Cyes eff. is a fixed capacitance that gives the same charging time as Cges While V¢ is rising from 0 to 80% V¢Es.
Coes eff.(ER) is a fixed capacitance that stores the same energy as C,es While Vg is rising from 0 to 80% Vcgs.
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International PD-04117

IGR Rectifier IRGP20B120U-E

INSULATED GATE BIPOLAR TRANSISTOR

UltraFast IGBT
Features
+ UltraFast Non Punch Through (NPT)
Technology c
+ 10 us Short Circuit capability Vces = 1200V

» Square RBSOA
* Positive Vce(on) Temperature Coefficient
* Extended lead TO-247 package

K~

VCE(on) typ. = 3.05V

E Vge =15V, Ic =20A, 25°C

Benefits n-channel

» Benchmark efficiency above 20KHz

» Optimized for Welding, UPS, and Induction Heating
applications

* Rugged with UltraFast performance

* Low EMI

« Significantly Less Snubber required

* Excellent Current sharing in Parallel operation

* Longer leads for easier mounting

TO-247AD
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Breakdown Voltage 1200 \
lc @ Tg = 25°C Continuous Collector Current (Fig.1) 40
Ic @ Tc = 100°C | Continuous Collector Current (Fig.1) 20 A
lcm Pulsed Collector Current (Fig.3, Fig. CT.5) 120
ILm Clamped Inductive Load Current(Fig.4, Fig. CT.2) 120
Vae Gate-to-Emitter Voltage +20 Vv
EAS @ TC =25°C | Avalanche Energy, single pulse 65

I = 25A, Vi = 50V, R = 250hm mJ

L = 200pH (Fig. cT6)
Pp @ Tc = 25°C | Maximum Power Dissipation (Fig.2) 300 W
Pp @ T¢ = 100°C | Maximum Power Dissipation (Fig.2) 120
Ty Operating Junction and -55 to + 150
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300, (0.063 in. (1.6mm) from case)

Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1N+m)

Thermal Resistance
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case - IGBT —_ —_ 0.42
Recs Case-to-Sink, flat, greased surface e 0.24 e °C/W
ReJa Junction-to-Ambient, typical socket mount —_ —_ 40
Wit Weight — 6 (0.21) — g (0z)
Zojc Transient Thermal Impedance Junction-to-Case (Fig.18)
www.irf.com 1
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IRGP20B120U-E International

IGR Rectifier
Electrical Characteristics @ TJ = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Fig.
Verjces Collector-to-Emitter Breakdown Voltage 1200 V |Vge= 0V,l, =250 pA
AVigrices/ ATj | Temperature Coeff. of Breakdown Voltage +1.2 V/°C [Vge=0V, I, =1mA (25-125°C)
3.05 | 3.45 lg = 20A, Vg = 15V 5.6
Collector-to-Emitter Saturation 3.37 | 3.80 lc = 25A, Vge = 15V 7.8
Veen) Voltage 423 14.85| V |[lc=40A, Vg =15V 9
3.89 | 4.50 Ic = 20A, Vge = 15V, T, = 125°C 10
4.31 | 5.06 Ic = 25A, Vgg = 15V, T, = 125°C
Ve Gate Threshold Voltage 40| 50 | 6.0 V' |Vce = Ve, lc = 250 pA 89,10,11
AVaean/ ATj | Temperature Coeff. of Threshold Voltage -1.2 mV/°C |Vce = Ve, Ic = 1 mA (25 -125 °C)
Jte Forward Transconductance 13.6| 15.7 | 17.8| S [Vee=50V, Ic=20A, PW=80us
250 Ve = OV, Vgg = 1200V
lces Zero Gate Voltage Collector Current 420 | 750 | pA [Vae =0V, Ve = 1200V, T, =125°C
1482 |1 2200 Vge = 0V, Ve = 1200V, T,=150°C
lges Gate-to-Emitter Leakage Current +100| nA |Vge = x20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. |Units Conditions Fig.
Qq Total Gate charge (turn-on) 169 | 254 Ic = 20A 7
Qqe Gate - Emitter Charge (turn-on) 24 36 nC |V =600V an
Qqc Gate - Collector Charge (turn-on) 82 126 Vge = 15V
Eon Turn-On Switching Loss * 850 | 1050 Ic = 20A, Ve = 600V cr4
Eox Turn-Off Switching Loss * 425 | 650 | pd [Vge =15V, Rg =5Q, L = 200uH WF1
Eiot Total Switching Loss * 1275 (1800 To= 2,50C’ Energy losses include tail WF2
and diode reverse recovery
Eon Turn-on Switching Loss * 1350 | 1550 Ic = 20A, Vo = 600V 12,14
Eox Turn-off Switching Loss * 610 | 875 | pd [Vge =15V, Rg =5Q, L = 200uH cra
Eror Total Switching Loss * 1960 | 2425 Ty= 1.2500’ Energy losses include tail W1 82
and diode reverse recovery
td(on) Turn - on delay time 50 65 Ic = 20A, Ve = 600V 13,15
tr Rise time 20 30 ns |[Vge =15V, Rg =5Q, L =200uH cr4
td(off) Turn - off delay time 204 | 230 T,=125°C WF1
tf Fall time 24 35 WF2
Cies Input Capacitance 2200 Ve = 0V
Coes Output Capacitance 210 pF [Vce =30V 16
Cres Reverse Transfer Capacitance 85 f=1.0 MHz
T,=150°C, Ic = 120A 4
RBSOA Reverse bias safe operating area FULL SQUARE Vee = 1000V, Vp = 1200V cr2
Rg = 5Q, Vge = +15V to OV
T,=150°C crs
SCSOA Short Circuit Safe Operating Area 10 -—-- -—-- bs [Vec =900V, Ve = 1200V WF3
Rg = 5Q, Vge = +15V to OV
Le Internal Emitter Inductance 13 nH |Measured 5 mm from the package.

* Used Diode HF40D120ACE
2 www.irf.com



International
TR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

Features

» UltraFast Non Punch Through (NPT)
Technology

* Low Diode Vg (1.67V Typical @ 20A & 25°C)

* 10 ps Short Circuit Capability

» Square RBSOA

« UltraSoft Diode Recovery Characteristics

* Positive Vceg(on) Temperature Coefficient

» Extended Lead TO-247AD Package

Benefits

» Benchmark Efficiency Above 20KHz

» Optimized for Welding, UPS, and Induction Heating
Applications

» Rugged with UltraFast Performance

» Low EMI

» Significantly Less Snubber Required

* Excellent Current Sharing in Parallel Operation

* Longer Leads for Easier Mounting

PD- 93817

IRGP20B120UD-E

UltraFast CoPack IGBT
C
Vces = 1200V
VcE(on) typ. = 3.05V
Ve =15V, Ic = 20A, 25°C
N-chanEneI

TO-247AD
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Breakdown Voltage 1200 \'
Ilc @ Tg = 25°C Continuous Collector Current (Fig.1) 40

Ic @ Tg = 100°C | Continuous Collector Current (Fig.1) 20

lcm Pulsed Collector Current (Fig.3, Fig. CT.5) 120

ILm Clamped Inductive Load Current(Fig.4, Fig. CT.2) 120 A
Ir@ Tg = 100°C Diode Continuous Forward Current 20

IEm Diode Maximum Forward Current 120

Vage Gate-to-Emitter Voltage +20 \'
Pp @ Tg = 25°C Maximum Power Dissipation (Fig.2) 300 W
Pp @ Tg = 100°C | Maximum Power Dissipation (Fig.2) 120

Ty Operating Junction and -55 to + 150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300, (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min Typ. Max. Units

ReJc Junction-to-Case - IGBT —_ —_ 0.42

ReJc Junction-to-Case - Diode —_— —_— 0.83 °C/W
Recs Case-to-Sink, flat, greased surface —_ 0.24 —_

Reua Junction-to-Ambient, typical socket mount —_— —_— 40

W, Weight — 6 (0.21) e g (0z)
Zoyc Transient Thermal Impedance Junction-to-Case (Fig.24)

www.irf.com 1
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nternational
IRGP20B120UD-E nternationa

Electrical Characteristics @ TJ = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Conditions Fig.
V (BR)CES Collector-to-Emitter Breakdown Voltage 1200 V. |Vee=0V,lc =250 pA
AV gryces / ATj [Temperature Coeff. of Breakdown Voltage +1.2 V/°C |Vge=0V,l.=1 mA (25 -125°C)
3.05 3.45 lc = 20A, Vge = 15V 56
Collector-to-Emitter Saturation 3.37 | 3.80 Ic = 25A, Vge = 15V 7,9
VcE(on) Voltage 4.23 | 4.85 V  |lc = 40A, Vge = 15V 10
3.89 | 4.50 Ic = 20A, Vge = 15V, Ty = 125°C n
4.31 | 5.06 Ic = 25A, Vge = 15V, Ty = 125°C
VGE(h) Gate Threshold Voltage 4.0 5.0 6.0 V. [Vce = Vage, Ic = 250 pA 9101112
AVgean/AT]  |Temperature Coeff. of Threshold Voltage -1.2 mV/°C |Vce = Vge, Ic = 1 mA (25 -125 °C)
Jie Forward Transconductance 13.6 | 15.7 | 17.8 S Vce =50V, Ic = 20A, PW=80us
250 Vge=0V, Vge = 1200V
lces Zero Gate Voltage Collector Current 420 750 HA |Vee =0V, Vce=1200V, T, =125°C
1482 | 2200 Vge =0V, Vce = 1200V, Ty=150°C
1.67 | 1.96 Ic = 20A
VEm Diode Forward Voltage Drop 1.76 2.06 \ lc = 25A 8
1.73 | 2.03 lc = 20A, Ty = 125°C
1.87 | 2.18 Ic = 25A, Ty = 125°C
lcEs Gate-to-Emitter Leakage Current +100 nA |Vge =20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. [Units Conditions Fig.
Qq Total Gate charge (turn-on) 169 254 lc = 20A 23
Qge Gate - Emitter Charge (turn-on) 24 36 nC |Vcc =600V cr1
Qgqc Gate - Collector Charge (turn-on) 82 126 Vge = 15V
Eon Turn-On Switching Loss 850 1050 Ic = 20A, Vcc =600V cra
Eoif Turn-Off Switching Loss 425 | 650 ud |Vee=15V,Rg = 5%, L = 200uH WF 1
Etot Total Switching Loss 1275 |1 1800 Z:\: jiiod% rir\]lzrrzz Irzscsoiseir\;clude tail WF2
Eon Turn-on Switching Loss 1350 | 1550 Ic = 20A, Vec =600V 13,15
Eort Turn-off Switching Loss 610 | 875 ud |Vee=15V,Rg =59 | = 200uH cr4
E tot Total Switching Loss 1960 | 2425 Ty = 1.25°C, Energy losses include tail WET &2
and diode reverse recovery
td(on) Turn - on delay time 50 65 Ic = 20A, Vec =600V 14,16
tr Rise time 20 30 ns |Vee=15V,Rg =5%. L =200uH cr4
td (off) Turn - off delay time 204 230 T,=125°C WF1
tf Fall time 24 35 WF2
Cles Input Capacitance 2200 Vge =0V
Coes Output Capacitance 210 pF |Vcc =30V 22
Cres Reverse Transfer Capacitance 85 f=1.0 MHz
Ts=150°C, lc = 120A 4
RBSOA Reverse bias safe operating area FULL SQUARE Vce = 1000V, Ve = 1200V crz
Rg =59 Vge = +15V to OV
Ts=150°C crs
SCSOA Short Circuit Safe Operating Area 10 - - us |Vcc =900V, Ve =1200V WF4
Rg =59 Vge = +15V to OV
Erec Reverse recovery energy of the diode 1600 | 2100 ud |Ty=125°C 17,1819
trr Diode Reverse recovery time 300 ns |Vcc =600V, Ic=20A 20, 21
Irr Peak Reverse Recovery Current 32 36 A Vge =15V, Rg = 5Q, = 200uH CT4, WF3
Le Internal Emitter Inductance 13 nH |Measured 5 mm from the package.

2 www.irf.com
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STGW35HF60WD

35 A, 600 V ultra fast IGBT

Features

Improved E at elevated temperature
Minimal tail current

Low conduction losses

VcE(sat) Classified for easy parallel connection
Ultra fast soft recovery antiparallel diode

Applications

m Welding
m High frequency converters
m Power factor correction

3
2
1

TO-247

Desc”ptlon Figure 1. Internal schematic diagram
The STGW35HF60WD is based on a new
. c (2)
advanced planar technology concept to yield an
IGBT with more stable switching performance
(Eoff) versus temperature, as well as lower
conduction losses. The device is tailored to high
switching frequency operation (over 100 kHz).
G (1)
SC12850 E (3)
Table 1. Device summary
Order code Marking(" Package Packaging
GW35HF60WDA
STGW35HF60WD GW35HF60WDB TO-247 Tube
GW35HF60WDC

1. Collector-emitter saturation voltage is classified in group A, B and C, see Table 5: VCE(sat) classification.
STMicroelectronics reserves the right to ship from any group according to production availability.

May 2010
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Electrical ratings STGW35HF60WD

1 Electrical ratings

Table 2. Absolute maximum ratings

Symbol Parameter Value Unit
Veces | Collector-emitter voltage (Vgg = 0) 600 \
Ic ) Continuous collector current at To =25 °C 60 A
Ic ) Continuous collector current at T = 100 °C 35 A
ICP(Z) Pulsed collector current 150 A
lcL ® | Turn-off latching current 80 A
Ve Gate-emitter voltage +20 \
I Diode RMS forward current at T =25 °C 30 A
IEsm Surge non repetitive forward current t,= 10 ms sinusoidal 120 A
Prot Total dissipation at T =25 °C 200 w
Tstg Storage temperature 5510150 oc
Tj Operating junction temperature
1. Calculated according to the iterative formula:
Ic(Tg) = R %V Tj(maX)_(Tr(.: I-(Te))
thj-c CE(sat)(max)\ " j(max)’ 'C\'C
2. Pulse width limited by maximum junction temperature and turn-off within RBSOA
3. Voiamp =80% (Vees), Vae = 15V, Rg =10 Q, T, = 150 °C
Table 3. Thermal data
Symbol Parameter Value Unit
Thermal resistance junction-case IGBT 0.63 °C/W
Fini-case Thermal resistance junction-case diode 15 °C/W
Rihj-amb | Thermal resistance junction-ambient 50 °C/W
2/12 Doc ID 15592 Rev 5 KY_I




STGW35HF60WD

Electrical characteristics

2 Electrical characteristics

(T, =25 °C unless otherwise specified)

Table 4.  Static
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Collector-emitter
V(BR)CEs breakdown voltage Ic=1mA 600 Vv
(Vae =0)
v Collector-emitter Vee=15V,Ic=20A 2.5 v
CEE) | saturation voltage Vae =15V, Ig=20 AT =125 °C 165
GE ~ » IC= 1 J= .
Vge@n) | Gate threshold voltage Vee=Vge: Ic=1mA 3.75 575 | V
| Collector cut-off current | Vce =600V 250 | pA
CES 1 (Vge=0) Veg =600V, Ty=125°C 1 | mA
Gate-emitter leakage
I Vge =220V +100| nA
GES current (Vg = 0) GE = * *
Table 5. VcE(sat) classification
Value
Symbol Parameter Group Unit
Min. Max.
1.68 1.92
Collector-emitter saturation voltage
\Y, B 1.88 2.17 \'%
CE(sa)  |vgg=15V,Ic=20 A
2.13 2.50
Table 6. Dynamic
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Input capacitance
G 2400 F
C'es Output capacitance Vee =25V, f=1MHz, ) 235 i EF
Coes Reverse transfer Vge=0 50 E
r¢$ | capacitance P
Qq Total gate charge Vce=400V, Ic =20 A, 140 nC
Qge Gate-emitter charge Vge=15V, - 13 - nC
Qqc Gate-collector charge (see Figure 17) 52 nC
'S7i Doc ID 15592 Rev 5 3/12




Electrical characteristics STGW35HF60WD
Table 7. Switching on/off (inductive load)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit

tyony | Turn-on delay time Voc =400V, Ic=20A 30 ns

t Current rise time Rg=10Q, Vge=15YV, - 15 - ns
(di/dt)g, | Turn-on current slope (see Figure 16) 1650 Alus

taony | Turn-on delay time Ve =400V, Ic=20 A 30 ns

t Current rise time Rg=10Q, Vge=15YV, - 15 - ns
(di/dt)g, | Turn-on current slope Ty=125°C (see Figure 16) 1600 Alus

t(Vor) | Off voltage rise time Voo =400V, Ig =20 A, 30 ns

taloff) | Turn-off delay time Rge=10Q Vge=15V - 175 - ns

t Current fall time (see Figure 16) 40 ns

Ve =400V, Ic =20 A,
t(Vos) | Off voltage rise time RCC 100 VC 15V 50 ns
ta(orr) | Turn-off delay time TGE ;25 °C’ GEZ® D - 225 - ns
. J=
t Current fall time 70 ns
f (see Figure 16)
Table 8. Switching energy (inductive load)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit

Eonl" | Turn-on switching losses | Vgg =400V, I =20 A 290 uJ

Eoif Turn-off switching losses Rg=10Q, Vge=15YV, - 185 pd

Eis Total switching losses (see Figure 18) 475 pd

Eon'" | Turn-on switching losses | Vgc =400V, Ig =20 A 420 uJ

Eoff Turn-off switching losses Rg=10Q, Vge=15YV, - 350 | 530 | pJ

Eis Total switching losses T,=125°C (see Figure 18) 770 pd

4/12

1. Eon is the tun-on losses when a typical diode is used in the test circuit in Figure 18. If the IGBT is offered
in a package with a co-pak diode, the co-pack diode is used as external diode. IGBTs and diode are at the
same temperature (25 °C and 125 °C). Eon include diode recovery energy.

Table 9. Collector-emitter diode

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
IF=20A 1.8 | 225 \
\ Forward on-voltage -

F W vottag le=20A, T, =125°C 14 v
ty Reverse recovery time IF=20AVR =50V, 50 ns
Qp Reverse recovery charge di/dt = 100 A/us - 90 - nC
ltrm Reverse recovery current (see Figure 19) 3 A
ter Reverse recovery time IF=20AVR =50V, 135 ns
Qy Reverse recovery charge T, =125 °C, di/dt = 100 A/us - 375 - nC
lerm Reverse recovery current (see Figure 19) 5.5 A

Doc ID 15592 Rev 5
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infineon

SKW25N120

Fast IGBT in NPT-technology with soft, fast recovery anti-parallel Emitter Controlled

Diode
¢ 40lower E; compared to previous generation
e Short circuit withstand time — 10 ps C
¢ Designed for:
- Motor controls
- Inverter
- SMPS E
e NPT-Technology offers:
- very tight parameter distribution
- high ruggedness, temperature stable behaviour ck
- parallel switching capability PeTO-247:3
¢ Pb-free lead plating; RoHS compliant
¢ Qualified according to JEDEC' for target applications
e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/
Type Vce Ic Eo5 T Marking |Package
SKW25N120 1200V 25A 2.9mJ 150°C | K25N120 |PG-TO-247-3
Maximum Ratings
Parameter Symbol Value Unit
Collector-emitter voltage Vce 1200 Vv
DC collector current Ic A
Tc = 25°C 46
Tc = 100°C 25
Pulsed collector current, t, limited by Tjmax lcpuis 84
Turn off safe operating area - 84
Vee <1200V, T, < 150°C
Diode forward current Ie
Tc =25°C 42
Tc =100°C 25
Diode pulsed current, t, limited by Tjmax Irpuls 80
Gate-emitter voltage Ve +20 \%
Short circuit withstand time® tsc 10 us
Vee = 15V, 100V<Vc <1200V, T; < 150°C
Power dissipation Piot 313 w
Tc =25°C
Operating junction and storage temperature Ti, Tsig -55...+150 °C
Soldering temperature, Ts 260
wavesoldering, 1.6mm (0.063 in.) from case for 10s
! J-STD-020 and JESD-022
2 Allowed number of short circuits: <1000; time between short circuits: >1s.
IFAG IPC TD VLS 1 Rev.2_3 12.06.2013



iﬁﬁ eon SKW25N 120

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit

Characteristic

IGBT thermal resistance, Rinic 0.4 KW
junction — case

Diode thermal resistance, Rinico 1.15
junction — case

Thermal resistance, Rinia 40
junction — ambient

Electrical Characteristic, at T, = 25 °C, unless otherwise specified

Value
Parameter Symbol Conditions - Unit
min. | typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(gr)ces | Vee=0V, 1200 - - \%
Ic=1500uA
Collector-emitter saturation voltage Vcesayy | Vee = 18V, [c=25A
T;=25°C 25 3.1 3.6
T,=150°C - 3.7 4.3
Diode forward voltage Ve Vee=0V, [=25A
T;=25°C 2.0 25
T;=150°C - 1.75
Gate-emitter threshold voltage VGE(ih) Ic=1000pA, 3 4 5
Vee=Vee
Zero gate voltage collector current Ices Vce=1200V,Vge=0V LA
T;=25°C - - 350
T;=150°C - - 1400
Gate-emitter leakage current lces Vece=0V,Vge=20V - - 100 |nA
Transconductance Jts Vce=20V, Ic=25A 20 - S
Dynamic Characteristic
Input capacitance Ciss Vce=25V, - 2150 2600 |pF
Output capacitance Coss Vee=0V, - 260 310
Reverse transfer capacitance Crss f=1MHz - 110 130
Gate charge Qaate Vce=960V, [c=25A - 225 300 |nC
Vge=15V
Internal emitter inductance Le - 13 - nH
Measured 5mm (0.197 in.) from case
Short circuit collector current” le(sc) Vee=15V,tsc<10us - 240 - |A
100V<Vcc<1200V,
T; < 150°C

Y Allowed number of short circuits: <1000; time between short circuits: >1s

IFAG IPC TD VLS 2 Rev.2_3 12.06.2013



iﬁ eon SKW25N 120

Switching Characteristic, Inductive Load, at 7=25 °C

L. Value .
Parameter Symbol Conditions - Unit
Min. | typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=25°C, - 45 60 ns
Rise time t Vcc=800V,Ic=25A, - 40 52
Turn-off delay time toorny | JGEZ 1970V, - 730 | 950
Fall time t fjjffézo’n H - 30 39
Turn-on energy Eo.n CG1)=4OpF - 2.2 2.9 mJ
Turn-off energy Eosf Energy losses include - 1.5 2.0
Total switching energy Eis “tail” and diode - 3.7 4.9
reverse recovery.
Anti-Parallel Diode Characteristic
Diode reverse recovery time ter T;=25°C, - 90 ns
ts VR=800V, Ig=25A, -
te dig/dt=650A/pus -
Diode reverse recovery charge Q. - 1.0 uC
Diode peak reverse recovery current |/, - 20 A
Diode peak rate of fall of reverse di../dt - 470 Alus
recovery current during t¢
Switching Characteristic, Inductive Load, at T=150 °C
. Value .
Parameter Symbol Conditions Unit
Min. | typ. ‘ max.
IGBT Characteristic
Turn-on delay time tacon) T;=150°C - 50 60 ns
Rise time t, Vcc=800V,I:=25A, - 36 43
Tum-off delay time to(ort) ;G E==212~Z ov, i 820 | 990
Fall time ty L D180nH, - 42 50
Turn-on energy E,n CU”=4OpF - 3.8 4.6 mJ
Turn-off energy Eot Energy losses include - 2.9 3.8
Total switching energy Eis “tail” and diode - 6.7 8.4
reverse recovery.
Anti-Parallel Diode Characteristic
Diode reverse recovery time t T;=150°C - 280 ns
ts Vr=800V, Ig=25A, -
te dig/dt=750A/pus -
Diode reverse recovery charge Q. - 4.3 uC
Diode peak reverse recovery current | /., - 32 A
Diode peak rate of fall of reverse di../dt - 130 Alus
recovery current during g

R Leakage inductance L, and stray capacity C; due to dynamic test circuit in figure E.

IFAG IPC TD VLS 3 Rev.2_3 12.06.2013
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SEMICONDUCTOR® IGBT
SGH80NGOUFD

Ultrafast IGBT

General Description Features
Fairchild's UFD series of Insulated Gate Bipolar Transistors * High speed switching
(IGBTs) provides low conduction and switching losses. * Low saturation voltage : Vcg(sayy = 2.1V @ Ic = 40A

The UFD series is designed for applications such as motor » High input impedance
control and general inverters where high speed switching is + CO-PAK, IGBT with FRD : t,, = 50ns (typ.)
a required feature.

Applications

AC & DC motor controls, general purpose inverters, robotics, and servo controls.

-~ c

G
TO-3P E
G C E
AbSOIUte MaXimum RatingS Tc = 25°C unless otherwise noted
Symbol Description SGH80N60UFD Units
Vces Collector-Emitter Voltage 600 \
VGEs Gate-Emitter Voltage +20 \Y
| Collector Current @Tc= 25°C 80 A
¢ Collector Current @ T =100°C 40 A
Iem (1) Pulsed Collector Current 220 A
I Diode Continuous Forward Current @ T =100°C 25 A
IEm Diode Maximum Forward Current 280 A
Pp Maximum Power Dissipation @Tc= 25°C 195 w
Maximum Power Dissipation @ T =100°C 78 W
T, Operating Junction Temperature -55 to +150 °C
Tstg Storage Temperature Range -55 to +150 °C
T Maximum Lead Temp. for Soldering 300 oc
L Purposes,/8” from Case for 5 Seconds
Notes :
(1) Repetitive rating : Pulse width limited by max. junction temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Units
Reyc(IGBT) Thermal Resistance, Junction-to-Case - 0.64 °C/W
Reyc(DIODE) | Thermal Resistance, Junction-to-Case -- 0.83 °C/W
Reya Thermal Resistance, Junction-to-Ambient -- 40 °C/W

©2002 Fairchild Semiconductor Corporation SGHB0ON60OUFD Rev. B1
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Electrical Characteristics Of the IGBT Tc = 25°C unless otherwise noted
Symbol ‘ Parameter | Test Conditions | Min. ‘ Typ. ‘ Max. ‘ Units
Off Characteristics
BVces Collector-Emitter Breakdown Voltage | Vgg = 0V, I = 250uA 600 -- - \Y
AByces/ | Temperature Coefficient of Breakdown _ _ _ _ o
AT, Voltage Vge =0V, Ic = TmA 0.6 V/°C
Ices Collector Cut-Off Current Vce = Vees: Vge = 0V - - 250 uA
IcES G-E Leakage Current Ve = Vs, Vcg = 0V - - +100 nA
On Characteristics
VGE(th) G-E Threshold Voltage IC = 40mA, VCE = VGE 3.5 4.5 6.5 \Y
vV Collector to Emitter lc=40A, Vgg =15V -- 21 2.6 \Y
CE(sat) | Saturation Voltage lc=80A, Vgg=15V - 26 - v
Dynamic Characteristics
Cies Input Capacitance _ _ - 2790 - pF
Coes Output Capacitance ;/5'51 KAE'(Z)V Vee =0V, - 350 - pF
Cres Reverse Transfer Capacitance - 100 - pF
Switching Characteristics
td(on) Turn-On Delay Time -- 23 -- ns
t, Rise Time - 50 - ns
ta(off) Turn-Off Delay Time Vee =300V, Ig = 40A, - 90 130 ns
t Fall Time Rg =5Q, Vge =15V, - 50 150 ns
Eon Turn-On Switching Loss Inductive Load, T¢ = 25°C - 570 - uJ
Eoff Turn-Off Switching Loss - 590 - uJ
Ets Total Switching Loss - 1160 | 1500 ud
td(on) Turn-On Delay Time - 30 - ns
t, Rise Time - 55 - ns
ta(off) Turn-Off Delay Time Vee =300V, I = 40A, - 150 | 200 ns
t Fall Time Rg =5Q, Vge = 15V, - 160 250 ns
Eon Turn-On Switching Loss Inductive Load, T¢ = 125°C - 630 - uJ
Eof Turn-Off Switching Loss -- 940 -- ud
Eis Total Switching Loss - 1580 | 2000 uJ
Qq Total Gate Charge Ve = 300 V. I~ = 40A - 175 250 nC
Qe Gate-Emitter Charge VCE - 15y cm - 25 40 nC
Qqc Gate-Collector Charge GE - 60 90 nC
Le Internal Emitter Inductance Measured 5mm from PKG - 14 - nH
Electrical Characteristics Of DIODE T¢ = 25°C unless otherwise noted
Symbol Parameter Test Conditions Min Typ. | Max. | Units
v Diode Forward Volt I = 25A TeZ 2% | - | 14 | 17 |
M iode Forward Voltage F= To=100°C - 13 .
¢ Diode R R Ti Tc= 25°C - 50 95
" iode Reverse Recovery Time To=100°C - 105 - ns
| Diode Peak Reverse Recovery IF = 25A, Tc= 25°C - 4.5 10 A
" Current di/dt = 200A/us Tc=100°C - 8.5 -
aQ Diode R R ch Tc= 25°C - 112 375 c
" iode Reverse Recovery Charge To=100°C - 420 - n

©2002 Fairchild Semiconductor Corporation

SGHBONGOUFD Rev. B1

d4nN09NO08HOS



DIXYS

Advanced Technical Information

IXRP 15N120
IXRA 15N120

IGBT with Reverse
Blocking capability

IGBT
Symbol Conditions Maximum Ratings
Vees Ty, = 25°C to 150°C 1200 V
Ves Continuous 20 V
o T, =25°C 25 A
lcoo T, =90°C 15 A
lem Vee =0/15V; R, =47 Q; Ty, = 125°C 30 A
Veex RBSOA; Clamped inductive load; L = 100 pyH 600 \Y,
SCSOA 600 V 10 s
Pict Tc=25°C 300 W
Symbol Conditions Characteristic Values
(Ty, = 25°C, unless otherwise specified)

min.| typ. | max.

Ve lc=10A;Vee=15V; Ty, = 25°C 25 |295 V
Ty, = 125°C 3.3 v
Vet lc =1mA; Vge = Ve 3 6 \
Ices Vee=Vees; Vee =0 V; Tyy = 25°C 50 pA
Ty, = 125°C 1.0 mA
laes Vee=0V; Vg =220V 500 nA
Qgon Vee=120V; Ve =15V;Ic=10A 36 nC

IXYS reserves the right to change limits, test conditions and dimensions.

Vees = 21200 V
leas 25 A
VCE(sat)_ 25V typ.
IXRP 15N120 IXRA 15N120
TO-220 W

G({% C (TAB) C (TAB)

TO-263

G = Gate, C = Collector,
E = Emitter, TAB = Collector
Features

¢ IGBT with NPT (non punch through)
structure
e reverse blocking capability
- function of series diode monolithically
integrated, no external series diode
required
- soft reverse recovery
e positive temperature coefficient of
saturation voltage
¢ Epoxy of TO-247 package meets
UL 94V-0

Applications

Converters requiring reverse blocking
capability:

- current source inverters

- matrix converters

- bi-directional switches

- resonant converters

- induction heating

- auxiliary switches for soft switching

in the main current path

© 2005 IXYS All rights reserved
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DIXYS

Advanced Technical Information

IXRP 15N120
IXRA 15N120

IGBT
Symbol Conditions Characteristic Values
(T,, = 25°C, unless otherwise specified)
typ.
External diode DSEP 30-12 - diagramm see Fig. 1
tion ) 22 ns
:r Inductive load: T, = 125°C 218 ne
td<°'f> Vee=600V; ;=10 A 32 ns
éon Vee=215V; R; =47 Q 11 mJ
E 0.13 mJ
Internal diode - diagramm see Fig. 2

tion 17.5 ns
t, 16 ns
tyom Inductive load; T,, = 125°C 212 ns
t, Vee=600V;1lc=10A 41 ns
E, Vge =215V; Rg =47 Q 3.0 mJ
E, 0.1 mdJ
Erec int 0.65 mdJ
L I. =10 A; di/dt = -800 A/us; Ty, = 125°C 25 A
" Ve =-600V;V, =15V 300 ns
Rinsc 0.65 KW
Component

Symbol Conditions Maximum Ratings
T, -55...+150 °C
LI -55...+125 °C
M, mounting torque 08-1.2 Nm
Fc mounting force with clip 20...120 N
Symbol Conditions Characteristic Values

typ.

R,cu with heatsink compound 0.25 KW
Weight 6 g

IXYS reserves the right to change limits, test conditions and dimensions.

© 2005 IXYS All rights reserved
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LIIXYS

GenX3™ 600V IGBT IXGH72N60A3
Ultra Low Vsat PT IGBT for .
up to 5kHz switching
G
E
Symbol Test Conditions Maximum Ratings
V.o T, =25°C to 150°C 600 v
Veen T,=25°C to 150°C, R, = IMQ 600 Y
Vies Continuous + 20 \
Viem Transient +30 \Y
leos T, =25°C (limited by leads) 75 A
letmo T, =110°C 72 A
lew T, =25°C, 1ms 400 A
SSOA V.. =15V, T, = 125°C, R, = 3Q lgyy = 150 A
(RBSOA) Clamped inductive load @ < 600V
. T,=25°C 540 w
T, -55 ... +150 °C
Ty 150 °C
T, -55 ... +150 °C
T, 1.6mm (0.062 in.) from case for 10s 300 °C
Teoo Plastic body for 10 seconds 260 °C
M, Mounting torque (TO-247) 1.13/10 Nm/Ib.in.
Weight TO-247 6 g
TO-268 4 g
Symbol Test Conditions Characteristic Values
(T, =25°C unless otherwise specified) Min. | Typ. | Max.
BV, |, = 250pA, V. = 0V 600 v
Ve I, = 250uA, V. = Vo, 3.0 50 V
lces Vee = Vs 75 pA
V. =0V T,=125°C 750 pA
lees Vg =0V, V,, == 20V +100  nA
Vv lc = 60A, V. = 15V, Note 1 1.35 \

CE(sat)

V.. = 600V
leio = 72A
VCE(Sat) < 1.35V
ty, = 290ns

TO-247 (IXGH)

=

E

G = Gate C = Collector
E = Emitter TAB = Collector
Features

® Optimized for low conduction losses
® Square RBSOA
¢ International standard packages

Advantages

® High power density
® Low gate drive requirement

Applications

® Power Inverters

® UPS

® Motor Drives

® SMPS

® PFC Circuits

® Battery Chargers

® Welding Machines

® Lamp Ballasts

® Inrush Current Protection Circuits

© 2008 IXYS CORPORATION, All rights reserved
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LIIXYS

IXGH72N60A3
IXGT72N60A3

Symbol Test Conditions Characteristic Values 10-247 AD Outline
(T, = 25°C unless otherwise specified) Min. | Typ. Max. .
f— £ —+] A2 =
I.=60A, V__ =10V, Note 1 48 76 S : ] Iy
Y c CE I J_? : e . D
R - L
C.. 6600 pF o T %l i
! \mP
c,. V=25V, V=0V, f= 1MHz 360 pF L, L
[X] ' N
Ces 80 pF | w—{ |
L
Q, 230 nC | il
Q, lo = lei10 Ve = 19V, Ve = 0.5 ¢ Vg 40 nc e | b2 T
Q, 78 nC Rt R B
\ Terminals: 1 - Gate 2 - Drain
tyon 31 ns
t 34 ns Dim. Millimeter Inches
ri Inductive load, T, = 25°C Min. Max.| Min. May.
E 1.38 mJ A 47 53 185 .209
. on > I =50A, V. =15V 320 A, | 22 254 087 .10p
ns . 6l . .
ot V_ =480V, R =3Q A 22 26 059 .008
t CE G 250 ns b 1.0 1.4 .040 .055
i b, | 1.65 213 .065 .oag
E., 3.5 md b, | 287 312 113 .12
C 4 8 o016 .03
t 29 ns D |20.80 21.46 .819 .845
d(on) E 15.75 16 .26 610 640
t Inductive load, T, = 125°C 32 ns e | 520 572 0205 0225
26 mJ L [19.81 2032 .780 .80D
on > |, = 50A, V,_ = 15V : v e ;

- - 510 ns @P| 355 365 .140 .144
d(off) Ve =480V, R, = 3Q Q 589 40l 0232 go5
ty 375 ns R | 432 549 170 21p

E,, ] 6.5 mJ
o
Rinse 0.23 “C/W T0-268 Outline
o
R,cs 0.15 C/W A E“ .
J L2 Cc2
‘ D1
H *
Ly
¢ -l
Note 1: Pulse test, t < 300us, duty cycle, d < 2%.
! = B J;rr :
-8
Ak
Terminals: 1 - Gate 2 - Drain
SYM INCHES MILLIMETERS
MIN MAX MIN MAX
A 193 201 490 5.10
Al 106 114 2.70 290
A2 001 010 0.02 0.25
b 045 057 115 145
b2 075 083 190 210
C 016 026 0.40 0.65
C2 057 063 1.45 160
D 543 551 13.80 14.00
D1 488 200 12.40 12.70
E 624 632 15.85 16.05
E1 524 935 13.30 13.60
e 215 BSC 545 BSC
H 736 752 18.70 19.10
L 094 106 240 2.70
L1 047 095 1.20 1.40
L2 039 045 1.00 115
L3 010 BSC 0.25 BSC
L4 150 [ 161 380 [ 410
IXYS reserves the right to change limits, test conditions and dimensions.
IXYS MOSFETs and IGBTSs are covered 4,835,592 4,931,844 5,049,961 5,237,481 6,162,665 6,404,065 B1 6,683,344 6,727,585 7,005,734 B2 7,157,338B2
by one or more of the following U.S. patents: 4,850,072 5,017,508 5,063,307 5,381,025 6,259,123 B1 6,534,343 6,710,405 B2 6,759,692 7,063,975 B2
4,881,106 5,034,796 5,187,117 5,486,715 6,306,728 B1 6,583,505 6,710,463 6,771,478 B2 7,071,537




International

TR Rectifier
INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

Features

 Low VCE (on) Non Punch Through IGBT Technology.

» Low Diode VF.

* 10us Short Circuit Capability.

» Square RBSOA.

« Ultrasoft Diode Reverse Recovery Characteristics.
* Positive VCE (on) Temperature Coefficient.
» Super-247 Package.

Benefits

» Benchmark Efficiency for Motor Control.

» Rugged Transient Performance.

* Low EMI.

« Significantly Less Snubber Required

« Excellent Current Sharing in Parallel Operation.

Absolute Maximum Ratings

PD-94239A

IRGPS60B120KD

Motor Control Co-Pack IGBT

¢ Vees = 1200V
q Vce(on) typ. = 2.50V
"~ @ Ve = 15V,
N—chanEneI lce = 60A, Tj=25°C

-

Super-247™

N

Parameter Max. Units
VcEs Collector-to-Emitter Voltage 1200 V
Ilc @ Tg = 25°C Continuous Collector Current 105@
Ic @ Tg = 100°C | Continuous Collector Current 60
lcm Pulsed Collector Current 240 A
ILm Clamped Inductive Load Current ® 240
IF@ T¢ = 25°C Diode Continuous Forward Current 120
Ir@ Tg = 100°C Diode Continuous Forward Current 60
lEM Diode Maximum Forward Current 240
Vae Gate-to-Emitter Voltage + 20 V
Pp @ Tg = 25°C Maximum Power Dissipation 595 W
Pp @ Tg = 100°C [ Maximum Power Dissipation 238
Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Thermal Resistance
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case - IGBT — — 0.20
ReJc Junction-to-Case - Diode —_— —_— 0.41 °C/W
Recs Case-to-Sink, flat, greased surface — 0.24 —
RoJa Junction-to-Ambient, typical socket mount — — 40
Recommended Clip Force 20 (2) — — N(kgf)
Wit Weight — 6.0 (0.21) — g (02)
Le Internal Emitter Inductance (5mm from package) —_— 13 —_— nH
www.irf.com 1

8/18/04



IRGPS60B120KD

Internationa

TR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions Ret.Fig.
V(BR)CES Collector-to-Emitter Breakdown Voltage |1200| — | — V Vge = 0V, Ic = 500pA
AVgrices/ATy| Temperature Coeff. of Breakdown Voltage | — | 0.40 | — [ V/°C | Vge = 0V, Ic = 1.0mA, (25°C-125°C)
VCE(on) Collector-to-Emitter Saturation Voltage | — |2.33|2.50 Ic = 50A Vge = 15V 5,6
—12.50|2.75 V Ic = 60A 7,9
—12.79] 3.1 Ic = 50A, Ty = 125°C 10
— |3.04] 35 Ic =60A, Ty =125°C 11
VGE(th) Gate Threshold Voltage 40 | 5.0 | 6.0 Vce = VaE, Ic = 250pA 9,10
AVGEh/ATy | Temperature Coeff. of Threshold Voltage| — | -12 | — mV/°C| Vce = VagE, Ic = 1.0mA, (25°C-125°C) | 11,12
Jfe Forward Transconductance — | 344 | — S Vce = 50V, Ic = 60A, PW=80us
Ices Zero Gate Voltage Collector Current — | — | 500 | pA | Vge =0V, Vge = 1200V
—— | 650 | 1350 Vae = 0V, Vge = 1200V, Ty = 125°C
VEMm Diode Forward Voltage Drop — [1.82]2.10 Ic = 50A
—[1.93[220| v |Ic=60A 8
— 11.96 ] 2.20 Ic = 50A, Ty = 125°C
— 12.13|2.40 Ic = 60A, Ty = 125°C
lges Gate-to-Emitter Leakage Current — | — |+100 | nA | Vgg = 20V
Switching Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions Ref.Fig.
Qg Total Gate Charge (turn-on) —| 340 | 510 Ic = 60A 23
Qge Gate - Emitter Charge (turn-on) — | 40 | 60 nC | Vgc = 600V CT1
Qqc Gate - Collector Charge (turn-on) —— | 165 | 248 Vge = 15V
Eon Turn-On Switching Loss —— 1321414870 | ud | Ic = 60A, Vo = 600V CT4
Eoff Turn-Off Switching Loss —— | 4783|5450 Vge = 15V,Rg = 4.7Q, L =200uH WF1
Eiot Total Switching Loss —— | 8000 [10320 Ls = 150nH Ty =25°C | WF2
Eon Turn-On Switching Loss —— | 5032|6890 Ty=125°C 13,15
Eoff Turn-Off Switching Loss —— | 7457|8385 | pJ | Energy losses include "tail" and
Eiot Total Switching Loss —— 112500]15275 diode reverse recovery.
td(on) Turn-On Delay Time —| 72 | 94 Ic = 15A, Ve = 600V 14,16
tr Rise Time — 32 45 Vge = 15V, Rg = 4.7Q L =200puH CT4
td(of) Turn-Off Delay Time —— 1366|400 | ns | Ls=150nH, Ty =125°C WF1
t Fall Time — | 45 | 58 WF2
Cies Input Capacitance — | 4300 — Vge = 0V
Coes Output Capacitance — 395 | — | pF | Vcc =30V 22
Cres Reverse Transfer Capacitance — 160 | — f=1.0MHz
Ty = 150°C, Ig = 240A, Vp =1200V 4
RBSOA Reverse Bias Safe Operting Area FULL SQUARE Vee = 1000V, Vge = +15V to OV oT2
Ra = 4.7Q
Ty = 150°C, Vp =1200V CT3
SCSOA Short Circuit Safe Operting Area 10| — | — | Hs | Voo =900V, Vge = +15V to 0V, By
Rg =4.7Q
Erec Reverse Recovery energy of the diode | — [3346 |— | ud | Ty=125°C 17,18,19
ter Diode Reverse Recovery time —1 180 [— | ns | Vcc =600V, If = 60A, L =200pH 20, 21
lee Diode Peak Reverse Recovery Current | — | 50 |— A Vge = 15V,Rg = 4.7Q, Ls = 150nH CT4,WF3
2 www.irf.com



International

I€2R

Rectifier

PD - 9.692

IRGPC40S

INSULATED GATE BIPOLAR TRANSISTOR

Features

» Switching-loss rating includes all "tail" losses
 Optimized for line frequency operation (to
See Fig. 1 for Current vs. Frequency

400Hz)
curve

Description

Insulated Gate Bipolar Transistors (IGBTs) from International Rectifier
have higher usable current densities than comparable bipolar transistors,
while at the same time having simpler gate-drive requirements of the
familiar power MOSFET. They provide substantial benefits to a host of

Standard Speed IGBT

c
Vces =600V
VcE@ay <1.8V
. @Vee=15V, Ic=31A
n-channel

high-voltage, high-current applications.

-

i

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

Vces Collector-to-Emitter Voltage 600 Vv
lc @ Tc=25°C Continuous Collector Current 50

lc @ Tc=100°C Continuous Collector Current 31 A
lcm Pulsed Collector Current ® 240

ILm Clamped Inductive Load Current @ 240

Vge Gate-to-Emitter Voltage +20 V
EARv Reverse Voltage Avalanche Energy ® 15 mJ
Pp@ Tc =25°C Maximum Power Dissipation 160 W
Pp @ Tc =100°C | Maximum Power Dissipation 65

Ty Operating Junction and -55 to +150

Tstg Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

Reuc Junction-to-Case | eeeeee | meeen 0.77

Recs Case-to-Sink, flat, greased surface |  ------ 024 | - °C/W
Reua Junction-to-Ambient, typical socket mount | = ------ | ------ 40

Wit Weight | 6 (0.21) | - g (0z)




IRGPC40S ISR
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max.|Units Conditions

V(BR)CES Collector-to-Emitter Breakdown Voltage | 600 | ---- | ---- \ Vge = 0V, Ic = 250pA

V(BRIECS Emitter-to-Collector Breakdown Voltage ® 20 | ---- | ---- Vv Vge =0V, Ic = 1.0A

AV(er)ces/ATy Temperature Coeff. of Breakdown Voltage---- | 0.75| ---- | V/°C | Vge =0V, Ic = 1.0mA

VeE(on) Collector-to-Emitter Saturation Voltage | ---- | 1.6 | 1.8 Ic =31A Vge = 15V
- |22 | - |V Ic = 60A See Fig. 2,5
- | 1.7 | ---- Ic =31A, Ty =150°C

VGE(h Gate Threshold Voltage 30 |----]55 Ve = Vag, Ic = 250pA

AV ge(th/AT) Temperature Coeff. of Threshold Voltagg ---- | -9.3 | ---- |[mV/°C| Vce = Vag, Ic = 250pA

Ofe Forward Transconductance ® 12 | 21 | ---- S Vee =100V, Ig = 31A

Ices Zero Gate Voltage Collector Current ---- | ---- | 250 | WA | Vge = 0V, Vce = 600V
---- | ---- [1000 Vae = 0V, Vce = 600V, Ty = 150°C

lges Gate-to-Emitter Leakage Current ---- | ---- |£100| nA | Vgg = £20V

Switching Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. |Max.| Units| Conditions
Qq Total Gate Charge (turn-on) ---- | 62 | 90 Ic =31A
Qge Gate - Emitter Charge (turn-on) ---- [ 10 | 15 nC | Vcc = 400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) ---- | 27 | 40 Vge = 15V
td(on) Turn-On Delay Time -==- | 28 | ---- Ty=25°C
tr Rise Time ---- | 50 | ---- ns | Ig =31A, Vg = 480V
ta(off) Turn-Off Delay Time ---- [1100]1500 Vge = 15V, Rg = 10Q
tt Fall Time ---- [ 620 [1100 Energy losses include "tail"
Eon Turn-On Switching Loss ---- [ 1.0 | ----
Eoff Turn-Off Switching Loss -1 12 | ---- mJ | See Fig. 9, 10, 11, 14
Eis Total Switching Loss ---- |1 183 | 20
td(on) Turn-On Delay Time - | 29 | ---- T,=150°C,
tr Rise Time ---- | 83 | ---- ns | lc =31A, Vcc = 480V
td(off) Turn-Off Delay Time ---- (1600 --- Vge = 15V, Rg = 10Q
tf FallTime ---- [1200] --- Energy losses include "tail"
Eis Total Switching Loss - | 22 | ---- mJ | See Fig. 10, 14
Lg Internal Emitter Inductance ---- | 7.5 | --- nH | Measured 5mm from package
Cies Input Capacitance ---- 11600 --- Vge = OV
Coes Output Capacitance ---- [ 140 | --- pF | Vcc = 30V See Fig. 7
Cres Reverse Transfer Capacitance ---- | 20 | ---- f=1.0MHz
Notes:

® Repetitive rating; Vge=20V, pulse width

limited
(Seef

@) VCC=80°/°(VCES)s VGE=20V, L=10|.1H,

by max. junction temperature.
ig. 13b)

Rg= 10Q, ( See fig. 13a)

® Repetitive rating; pulse width limited
by maximum junction temperature.

® Pulse width 5.0ps,
single shot.

@ Pulse width < 80ps; duty factor < 0.1%.




SIEMENS

BUP 306D

IGBT With Antiparallel Diode

Preliminary data

* Low forward voltage drop

« High switching speed ,f,/ ......
* Low tail current 3

* Latch-up free

* Including fast free-wheel diode

Pin 1 Pin 2 Pin 3
G C E

Type Vece |lc Package Ordering Code
BUP 306D 1200V |23A | TO-218 AB Q67040-A4222-A2
Maximum Ratings

Parameter Symbol Values Unit
Collector-emitter voltage Ve 1200 Vv
Collector-gate voltage VeGR

Rge = 20 kQ 1200
Gate-emitter voltage VGE + 20

DC collector current Ic A
Tc=25°C 23

Tc=90°C 15

Pulsed collector current, f, =1 ms Icpuls

Tc=25°C 46

Tc=90°C 30

Diode forward current Ir

Tc=90°C 18

Pulsed diode current, f, =1 ms Irpuls

Tc=25°C 108

Power dissipation Piot W
Tc=25°C 165

Chip or operating temperature Tj -55...+150 |°C
Storage temperature Tstg -55 ...+ 150
Semiconductor Group Jul-30-1996



S|EMENS BUP 306D

Maximum Ratings

Parameter Symbol Values Unit
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150 /56

Thermal Resistance

Thermal resistance, chip case Rinic 0.63 K/W

Diode thermal resistance, chip case Rinico 1.25

Electrical Characteristics, at T; = 25 °C, unless otherwise specified

Parameter Symbol Values Unit
min. typ. max.

Static Characteristics

Gate threshold voltage VGE(th) Vv
Ve = Vcg, Ic=0.7 mA 4.5 55 6.5
Collector-emitter saturation voltage VCE(sat)

VGe=15V,Ic=10A, Tj=25°C - 2.8 3.3
VGe=15V, Ic=10A, Tj=125°C - 3.8 4.3

Zero gate voltage collector current IceEs mA
Vce=1200V, Vge =0V, T;=25°C - - 0.4
Gate-emitter leakage current Iges nA
Vge=20V, Vgg=0V - - 100

AC Characteristics

Transconductance Ois S
Vce=20V,Ic=10A 3.5 55 -

Input capacitance Ciss pF
Vce=25V, Vge=0V, f=1MHz - 1300 1750

Output capacitance Coss

Vce=25V, Vge=0V, f=1MHz - 100 150
Reverse transfer capacitance Crss

Vce=25V, Vge=0V, f=1MHz - 50 75

Semiconductor Group 2 Jul-30-1996



SIEMENS BUP 306D
Electrical Characteristics, at Tj = 25 °C, unless otherwise specified

Parameter Symbol Values Unit

min. typ. max.

Switching Characteristics, Inductive Load at Ti =125°C

Turn-on delay time t4(on) ns
Vec =600V, Vge=15V,Ic=10A

Rgon = 47 Q - 40 60

Rise time k

Vec =600V, Vge=15V,Ic=10A

Rcon = 47 Q - 30 50

Turn-off delay time f(off)

Ve =600V, Vge=-15V, Ic=10A

Rcoff = 47 Q - 200 300

Fall time ki

Ve =600V, Vge=-15V, [c=10A

Rcoff = 47 Q - 20 30

Total turn-off loss energy Eqt mWs
Ve =600V, Vge=-15V, [c=10A

Rcoff = 47 Q - 1.3 -

Free-Wheel Diode

Diode forward voltage %= Vv
[F=15A, Vge=0V, Tj=25°C - 2.4 2.9

[F=15A, Vge=0V, Tj=125°C - 1.9 -

Reverse recovery time ber ns
IF=15A, Vg =-600V, Vge =0V

dip/at = -800 A/us

Tj=25°C - - -

T7=125°C - 100 150

Reverse recovery charge Qyr uC
IF=15A, VR =0V, dig/at = -800 A/us

lF=15A, Vge=0V, Tj=25°C - 1.8

Vr =0V, dig/at = -800 Alus, Tj = 125 °C - 3 5.4
Semiconductor Group 3 Jul-30-1996



SIEMENS

BUP 304

IGBT

Preliminary data

» Low forward voltage drop

* High switching speed
* Low tail current

* Latch-up free
 Avalanche rated

Pin 1 Pin 2 Pin 3

C E

Type Vce |lc Package Ordering Code
BUP 304 1000V |35A |TO-218 AB Q67078-A4200-A2
Maximum Ratings

Parameter Symbol Values Unit
Collector-emitter voltage VcE 1000 Vv
Collector-gate voltage VegRr

Rce = 20 kQ 1000
Gate-emitter voltage VGE +20

DC collector current Ic A
Tc=25°C 35

Tc=90°C 23

Pulsed collector current, {, =1 ms Icpuls

Tc=25°C 70

Tc=90°C 46

Avalanche energy, single pulse Eas mJ
Ic=15A, Vo =50V, Rge =25 Q

L =200 pH, Tj=25°C 23

Power dissipation Piot W
Tc=25°C 310

Chip or operating temperature T; -55...+150 |°C
Storage temperature Tstg -55 ...+ 150
Semiconductor Group Jul-30-1996



SIEMENS BUP 304
Maximum Ratings

Parameter Symbol Values Unit
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150/ 56
Thermal Resistance

Thermal resistance, chip case Rinic <04 K/W
Electrical Characteristics, at Tj = 25 °C, unless otherwise specified

Parameter Symbol Values Unit

min. typ. max.

Static Characteristics

Gate threshold voltage VGE(th) Vv
Ve = Vg, Ic = 0.1 mA 4.5 5.5 6.5
Collector-emitter saturation voltage VCE(sat)

Vee=15V,Ilc=15A, Tj=25°C - 2.8 3.3
Vee=15V,Ilc=15A, Tj=125°C - 3.8 4.3
Vee=15V, Ic=15A, Tj=150 °C - 4 4.5

Zero gate voltage collector current IcEs HA
Vce=1000V, Vge=0V, Tj=25°C - 1 250
Vce=1000V, Vge =0V, Tj=125°C - - 1000
Gate-emitter leakage current IcEs nA
Vge=20V, Vcg=0V - 0.1 100

AC Characteristics

Transconductance Ois S
Vce=20V, Ic=15A 5.5 8 -

Input capacitance Ciss pF
Vce=25V, Vge=0V, f=1MHz - 2000 2700

Output capacitance Coss

Vce=25V, Vge=0V, f=1MHz - 160 240

Reverse transfer capacitance Crss

Vce=25V, Vge=0V, f=1MHz - 65 100
Semiconductor Group 2 Jul-30-1996



SIEMENS BUP 304

Electrical Characteristics, at TJ- = 25 °C, unless otherwise specified

Parameter Symbol Values Unit
min. typ. max.

Switching Characteristics, Inductive Load at Tj= 125 °C

Turn-on delay time t4(on) ns

Veg =600V, Vge=15V, [c=15A

Rgon =33 Q - 30 45

Rise time k

Veg =600V, Vge=15V, [c=15A

Rcon =33 Q - 22 35

Turn-off delay time f(off)

Veg =600V, Vge=-15V, Ic=15A

Rcoff = 33 Q - 230 310

Fall time It

Vee =600V, Vge=-15V, Ic=15A

Rcoff = 33 Q - 20 28

Total turn-off loss energy Eof mWSs

Veg =600V, Vge=-15V, Ic=15A

Rgoti = 33 Q - 1.7 -

Semiconductor Group 3 Jul-30-1996



ADVANCED APT30GT60BRD
POWER

TECHNOLOGY ° 600V  55A

Thunderbolt IGBT™" & FRED

The Thunderbolt IGBT™ is a new generation of high voltage power IGBTs.
Using Non-Punch Through Technology the Thunderbolt IGBT™ combined
with an APT free-wheeling ultraFast Recovery Epitaxial Diode (FRED) offers
superior ruggedness and ultrafast switching speed.

» Low Forward Voltage Drop « High Freq. Switching to 150KHz c
» Low Tail Current - Ultra Low Leakage Current E
+ RBSOA and SCSOA Rated G
- Ultrafast Soft Recovery Antiparallel Diode E
MAXIMUM RATINGS (IGBT) All Ratings: T = 25°C unless otherwise specified.
Symbol | Parameter APT30GT60BRD UNIT
Vees | Collector-Emitter Voltage 600
Vogr | Collector-Gate Voltage (Rgg = 20KQ) O L 600 Volts
Ve Gate-Emitter Voltage 20
lcq Continuous Collector Current @ T = 25°C 55
lco Continuous Collector Current @ Tg = 110°C 30 Amps
lom Pulsed Collector Current @ @ To =25°C 110
lome Pulsed Collector Current @ @ Tc=110°C 60
Po Total Power Dissipation 200 Watts
T,,Tste | Operating and Storage Junction Te@;{eratu\m\\@&{ge -55t0 150 i
T, Max. Lead Temp. for Soldering;/@&"\}m@éase for 10 Sec. 300 c
STATIC ELECTRICAL CH@TE TICS (IGBT)
Symbol | Characteristic / Teé@\pnditions MIN TYP | MAX | UNIT
BVces | Collector-Emitter Breakdown Voltage (Vgg = 0V, I = 0.5mA) 600
Vge(TH) | Gate Threshold Voltage (Ve = Vg, I = 700uA, T = 25°C) 3 4 5 Volts
Voe(ON) Collector-Emitter On Voltage (Vgg = 15V, I = I, Tj = 25°C) 1.6 2.0 25
Collector-Emitter On Voltage (Vgg = 15V, Ig = I, Tj = 150°C) 2.8
lons Collector Cut-off Current (Vg = Vies, Ve = 0V, Tj = 25°C) 250 A
Collector Cut-off Current (Vgg = Vees, Vae = 0V, T; = 150°C) 2000
lces Gate-Emitter Leakage Current (Vgg = 20V, Vg = 0V) +100 nA
f;j“‘k\ CAUTION: These Devices are Sensitive to Electrostatic Discharge. Proper Handling Procedures Should Be Followed.
USA ((APT Website - http://www.advancedpower.com)
EOSRSbvl\g.ECOIumbia Street Bend, Oregon 97702-1035 Phone: (541) 382-8028 FAX: (541) 388-0364

Avenue J.F. Kennedy Bat B4 Parc Cadéra Nord F-33700 Merignac - France Phone: (33)557921515 FAX: (33)556 47 97 61

052-6251 Rev B
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DYNAMIC CHARACTERISTICS (IGBT) APT30GT60BRD

Symbol | Characteristic Test Conditions MIN TYP MAX UNIT
Cies | Input Capacitance Capacitance 1600
c Output Capacit Vae =0V 250 F
oes utput Capacitance Vg = 25V p
Cres Reverse Transfer Capacitance f=1 MHz 90
Qq Total Gate Charge @ Gate Charge 140
Q Gate-Emitter Ch Vo= 15V 60 C
ate-Emitter Charge n
¥ Ve =0-5Vces
Qqe Gate-Collector ("Miller") Charge lo=lgo 12
ty(on) | Turn-on Delay Time Resistive Switchin @3)\ 14
t, Rise Time Vee =12V 55
Ve = O-Vbés ns
ty(off) | Turn-off Delay Time 1626y 200
t Fall Time w 140
ty(on) | Turn-on Delay Time 18
t, Rise Time I ive Switching (150°C) 30
ns
ty(off) | Turn-off Delay Time p(Peak) = 0.66Vces 300
Vgg = 15V
t Fall Time _ 25
f lc=lcz
Eon Turn-on Switching Energy@ Rg=10Q 5
Eg | Tum-off Switching Energy” ) - Ty=+150°C 12 mJ
E, | Total Switching Loﬁe\%\@\ 1.7
ty(on) | Turn-on Delay Ti%\ Inductive Switching (25°C) 18
t, Rise Time Vorawp(Peak) = 0.66Vces 30
Vge = 15V ns
ty(off) | Turn-off Delay Time o] 260
c=lec2
t Fall Time Rg=10Q 20
Eis Total Switching Losses ® Ty=+25°C 1.3 mJ
gfe Forward Transconductance Vee =20V, Ig=lco 6 S
THERMAL AND MECHANICAL CHARACTERISTICS (IGBT and FRED)
Symbol | Characteristic MIN TYP MAX UNIT
Junction to Case (IGBT) 0.63
ReJc ,
Junction to Case (FRED) 0.90 | ~c/w
Resa | Junction to Ambient 40
0.22 0z
Wy Package Weight
6.1 gm
10 Ibein
Torque | Mounting Torque using a 6-32 or 3mm Binding Head Machine Screw
1.1 Nem

@ Repetitive Rating: Pulse width limited by maximum junction temperature.
® See MIL-STD-750 Method 3471

® Switching losses include the FRED and IGBT.
APT Reserves the right to change, without notice, the specifications and information contained herein.



APT30GT60BRD

ULTRAFAST SOFT RECOVERY PARALLEL DIODE

MAXIMUM RATINGS (FRED) All Ratings: T = 25°C unless otherwise specified.
Symbol | Characteristic / Test Conditions APT30GT60BRD UNIT
Va Maximum D.C. Reverse Voltage
Veam | Maximum Peak Repetitive Reverse Voltage 600 Volts
Vawm | Maximum Working Peak Reverse Voltage
Ie(AV) | Maximum Average Forward Current (T = 100°C, Duty Cycle = 0.5) 30
I-(RMS) | RMS Forward Current 70 Amps
lesm Non-Repetitive Forward Surge Current (T | = 45°C, 8.3ms) O L\ 320
STATIC ELECTRICAL CHARACTERISTICS (FRED) v
Symbol | Characteristic / Test Conditions MIN TYP MAX | UNIT
R 8
Ve Maximum Forward Voltage \4%\8@ 1.5 Volts
\2=30A, T, = 150°C 1.6
- ~ v Vg = Vg Rated 250 WA
Maxi R Leak t _ _ °
aximum Reverse Lea a@% V= Vg, Rated, T, = 125°C 500
Lg Series Inductance Q_/@t&l%ad/gmm from Base) 10 nH
DYNAMIC CHARACTE Q CS (FRED)
Symbol | Characteristic MIN TYP MAX UNIT
t Reverse Recovery Time, .= 1.0A, di_/dt=-15A/us, V=30V, T =25°C 50 65
to Reverse Recovery Time T,=25°C 50
ta I = 30A, di_/dt = -240A/us, Vg, = 350V T,=100°C 80 ns
L Forward Recovery Time T,=25°C 155
to | = 30A, di/dt = 240A/us, V, = 350V T,=100°C 155
lRRM1 Reverse Recovery Current T, =25°C 4 10
Amps
lnrMe |- =30A, di_/dt = -240A/ps, V = 350V T,= 100°C 7.5 15
Q Recovery Charge T,=25°C 100
nC
Q, | I-=30A, di/dt=-240A/us, Vy, = 350V T,=100°C 300
Vm Forward Recovery Voltage T J= 25°C 5
Volts
Vie | 1= 30A, di-/dt = 240A/us, V, = 350V T,=100°C 5
Rate of Fall of Recovery Current T,=25°C 400
diM/dt Alus
I = 30A, di_/dt = -240A/us, V, = 350V (See Figure 10) T,=100°C 200

052-6251 Rev B



ADVANCED
POWER
TECHNOLOGY °

APT15GP60BDF1

600V

POWER MOS 7° IGBT

The POWER MOS 7® IGBT is a new generation of high voltage power IGBTs.
Using Punch Through Technology this IGBT is ideal for many high frequency,
high voltage switching applications and has been optimized for high frequency
switchmode power supplies.

« Low Conduction Loss

+100 kHz operation @ 400V, 19A c
- Low Gate Charge 200 kHz operation @ 400V, 12A
- Ultrafast Tail Current shutoff + SSOA rated G
E
MAXIMUM RATINGS All Ratings: T¢ = 25°C unless otherwise specified.
Symbol | Parameter APT15GP60BDF1 UNIT
Vees Collector-Emitter Voltage 600
Vae Gate-Emitter Voltage +20 Volts
Vgem | Gate-Emitter Voltage Transient 30
I Continuous Collector Current @ T = 25°C 56
lco Continuous Collector Current @ T = 110°C 27 Amps
lcm Pulsed Collector Current © @ To=25°C 65
SSOA | Switching Safe Operating Area @ T, = 150°C 65A @ 600V
Pp Total Power Dissipation 250 Watts
T, Tstg | Operating and Storage Junction Temperature Range -55t0 150 .
T Max. Lead Temp. for Soldering: 0.063" from Case for 10 Sec. 300
STATIC ELECTRICAL CHARACTERISTICS
Symbol | Characteristic / Test Conditions MIN TYP MAX UNIT
BVces | Collector-Emitter Breakdown Voltage (Vgg = 0V, I = 500pA) 600
Vaehy) | Gate Threshold Voltage (Vg = Vgg, Ic = 1MA, T = 25°C) 3 45 6 Volts
Collector-Emitter On Voltage (Vgg =15V, I = 15A, T = 25°C) 22 27
VCEON) [ octor-Emitter On Voltage (Vgg = 15V, I¢ = 15A, T, = 125°C) 21
s Collector Cut-off Current (Vg = 600V, Vge = 0V, T; = 25°C) ® 500 A
Collector Cut-off Current (Vg = 600V, Vge = 0V, T = 125°C) @ 3000
lgEs Gate-Emitter Leakage Current (Vgg = £20V) +100 nA
A

\iZi.a CAUTION: These Devices are Sensitive to Electrostatic Discharge. Proper Handling Procedures Should Be Followed.

(APT Website - http://www.advancedpower.com)

050-7428 Rev B 4-2003
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DYNAMIC CHARACTERISTICS APT15GP60BDF1

Symbol | Characteristic Test Conditions MIN TYP MAX UNIT
Cies Input Capacitance Capacitance 1685
Coes | Output Capacitance Vge =0V, Vgp=25V 210 pF
Cres Reverse Transfer Capacitance f=1MHz 15
Vaep Gate-to-Emitter Plateau Voltage Gate Charge 7.5 V
Qg | Total Gate Charge ® Vge = 15V 55
Qge Gate-Emitter Charge Ve = 300V 12 nC
Qqc Gate-Collector ("Miller") Charge lc="15A 15
SSOA | Switching Safe Operating Area Ty=150°C, Rg=5Q, Vg = 65 A
15V, L = 100uH,Vg = 600V
ta(on) Turn-on Delay Time Inductive Switching (25°C) 8
t, Current Rise Time Ve =400V 12
, Vge = 15V ns
ta(off) Turn-off Delay Time GE 29
t Current Fall Time lo=15A 58
— Rg = 5Q
Eoni Turn-on Switching Energy ® T 95C 130
Eono Turn-on Switching Energy (Diode)@ = 152 uJ
E ot Turn-off Switching Energy ® 121
taon) Turn-on Delay Time Inductive Switching (125°C) 8
t, Current Rise Time Ve =400V 12
ta(of) Turn-off Delay Time Ve = 15V 69 ns
t Current Fall Time lo=15A 88
Eont Turn-on Switching Energy @ Ra= 5% 130
Eono Turn-on Switching Energy (Diode) ® Ty=+125%C 267 nJ
E ot Turn-off Switching Energy ® 268
THERMAL AND MECHANICAL CHARACTERISTICS
Symbol | Characteristic MIN TYP MAX UNIT
Reyc | Junction to Case (IGBT) .50 oW
Reyc | Junction to Case (DIODE) 1.31
W Package Weight 5.90 gm

@ Repetitive Rating: Pulse width limited by maximum junction temperature.

® For Combi devices, o5 includes both IGBT and FRED leakages

@ See MIL-STD-750 Method 3471.

@ E,, is the clamped inductive turn-on-energy of the IGBT only, without the effect of a commutating diode reverse recovery current
adding to the IGBT turn-on loss. (See Figure 24.)

® E0n2 is the clamped inductive turn-on energy that includes a commutating diode reverse recovery current in the IGBT turn-on switching

loss. A Combi device is used for the clamping diode as shown in the E_ , test circuit. (See Figures 21, 22.)

on2

® E.y is the clamped inductive turn-off energy measured in accordance with JEDEC standard JESD24-1. (See Figures 21, 23.)

APT Reserves therightto change, without notice, the specifications and information contained herein.
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Data Sheet

6A, 600V, UFS Series N-Channel IGBT with
Anti-Parallel Hyperfast Diodes

The HGTP3N60C3D, and HGT1S3N60C3DS are MOS
gated high voltage switching devices combining the best
features of MOSFETSs and bipolar transistors. These devices
have the high input impedance of a MOSFET and the low
on-state conduction loss of a bipolar transistor. The much
lower on-state voltage drop varies only moderately between
25°C and 150°C. The IGBT used is the development type
TA49113. The diode used in anti-parallel with the IGBT is the
development type TA49055.

The IGBT is ideal for many high voltage switching applications
operating at moderate frequencies where low conduction losses
are essential.

Formerly Developmental Type TA49119.

Ordering Information

PART NUMBER PACKAGE BRAND
HGTP3N60C3D TO-220AB G3N60C3D
HGT1S3N60C3DS | TO-263AB G3N60C3D

NOTE: When ordering, use the entire part number. Add the suffix 9A
to obtain the TO-263AB variant in tape and reel, i.e.,
HGT1S3N60C3DS9A.

Symbol

HGTP3N60C3D, HGT1S3N60C3DS

January 2000

File Number 4140.2

Features

* BA, 600V at T¢ = 25°C

* 600V Switching SOA Capability

e Typical Fall Time................ 130ns at T = 150°C
« Short Circuit Rating

» Low Conduction Loss

» Hyperfast Anti-Parallel Diode

Packaging

JEDEC TO-220AB

EMITTER
’ COLLECTOR
GATE

JEDEC TO-263AB

COLLECTOR
~— (FLANGE)
GATE

EMITTER

INTERSIL CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,587,713
4,598,461 4,605,948 4,620,211 4,631,564 4,639,754 4,639,762 4,641,162 4,644,637
4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 4,794,432 4,801,986
4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 4,860,080 4,883,767
4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 4,969,027

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

1-888-INTERSIL or 321-724-7143 | Copyright © Intersil Corporation 2000



HGTP3N60C3D, HGT1S3N60C3DS

Absolute Maximum Ratings T = 25°C, Unless Otherwise Specified
HGTP3N60C3D, HGT1S3N60C3DS UNITS

Collector to Emitter Voltage . . .. ... .. BVcEs 600 \Y
Collector Current Continuous

ALTC =250 Lo Icos 6 A

ALTC =1100C L Ic110 3 A
Collector Current Pulsed (Note 1) . .. .. ... .. lom 24 A
Gate to Emitter Voltage Continuous. .. ......... ... .. .. .. i VGES +20 \Y
Gate to Emitter Voltage Pulsed .. .......... ... ... ... ... ... ... ... ... VGEM +30 \
Switching Safe Operating Area at Ty = 150°C (Figure 14) .. .............oou... SSOA 18A at 480V
Power Dissipation Total at Tc =25%C . ... ..ottt Pp 33 W
Power Dissipation Derating Tc > 25%C ... ..ottt 0.27 w/°c
Operating and Storage Junction Temperature Range . . ...................... Ty, TsTG -40 to 150 °c
Maximum Lead Temperature for Soldering . . .......... .. i T 260 °c
Short Circuit Withstand Time (Note 2) at Vgg = 10V (Figure 6) . .................... tsc 8 us

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Vcg(pk) = 360V, T = 125°C, Rg = 82Q.

Electrical Specifications T =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector to Emitter Breakdown Voltage BVcEs Ic = 250uA, Vgg = 0V 600 - - \%
Collector to Emitter Leakage Current IcES Vce =BVcEs Tc =25°C - - 250 uA
Vce =BVgcEs Tc= 150°C - - 2.0 mA
Collector to Emitter Saturation Voltage VCE(SAT) Ic =Ic110 Tc =25°C - 1.65 2.0 \Y
VGEe =18V Tc = 150°C . 185 | 22 Y
Gate to Emitter Threshold Voltage VGE(TH) Ic = 250pA, Tc =25°C 3.0 55 6.0 \%
VcE = VGE
Gate to Emitter Leakage Current IcES VGE = 25V - - +250 nA
Switching SOA SSOA T, =150°C VCE(PK) = 480V 18 - - A
\F\;SE==812?V VCE(PK) =600V 2 - - A
L=1mH
Gate to Emitter Plateau Voltage VGEP Ic =lc110, Vce = 0.5 BVcES - 8.3 - \
On-State Gate Charge Qg(oN) IC =1C110, Vg = 15V - 10.8 13.5 nC
VCE=0.5BVCES [y c=20v - 138 | 173 nC
Current Turn-On Delay Time taoN)! T, =150°C - 5 - ns
Current Rise Time ty) Ice = Ic110 - 10 - ns
Current Turn-Off Delay Time td(OFF)! zgi(:,?;/o.e BVces - 325 | 400 ns
Current Fall Time tg Rg = 82Q - 130 275 ns
Turn-On Energy EoN L=1mH - 85 - uJ
Turn-Off Energy (Note 3) EoFF - 245 - ud
Diode Forward Voltage VEC lec =3A - 2.0 2.5 \
Diode Reverse Recovery Time tRR lec = 3A, dlgc/dt = 200A/us - 22 28 ns
lgc = 1A, dlgc/dt = 200A/us - 17 22 ns
Thermal Resistance RoJc IGBT - - 3.75 o°c/w
Diode - - 3.0 o°c/w
NOTE:

3. Turn-Off Energy Loss (EgfFf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and ending
at the point where the collector current equals zero (Icg = 0A). The HGTP3N60C3D and HGT1S3N60C3DS were tested per JEDEC standard
No. 24-1 Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.
Turn-On losses include diode losses.

2 intersil
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SMPS Series N-Channel
IGBT with Anti-Parallel
Hyperfast Diode

600 V

HGTG7N60A4D,
HGTP7N60A4D,
HGT1S7N60A4DS

The HGTG7N60A4D, HGTP7N60A4D and HGT1S7N60A4DS
are MOS gated high voltage switching devices combining the best
features of MOSFETs and bipolar transistors. These devices have the
high input impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage drop
varies only moderately between 25°C and 150°C. The IGBT used is
the development type TA49331. The diode used in anti—parallel is the
development type TA49370.

This IGBT is ideal for many high voltage switching applications
operating at high frequencies where low conduction losses are
essential. This device has been optimized for high frequency switch
mode power supplies.

Formerly Developmental Type TA49333.

Features

® >100 kHz Operation at 390 V, 7 A

® 200 kHz Operation at 390 V, 5 A

® 600 V Switching SOA Capability

® Typical Fall Time: 75 ns at Ty= 125°C

® [ow Conduction Loss

® Temperature Compensating SABER™ Model www.onsemi.com

® These Devices are Pb-Free, Halogen Free/BFR Free and are RoOHS
Compliant

© Semiconductor Components Industries, LLC, 2005 1
May, 2020 - Rev. 2

ON Semiconductor®

www.onsemi.com

& =

TO-247-3LD TO-220-3LD
CASE 340CK CASE 340AT

D2PAK-3
CASE 418AJ

MARKING DIAGRAMS

poq | O

SY&Z&3&K SY&Z&3&K
G7N60A4D G7N60A4D
U
$Y&Z&3&K
G7N60A4D
II.II i II.II
&Y = ON Semiconductor Logo
&z = Assembly Plant Code
&3 = 3-Digit Date Code
&K = 2-Digit Lot Traceability Code
G7N60A4D = Specific Device Code

ORDERING INFORMATION

See detailed ordering and shipping information on page 2 of
this data sheet.

Publication Order Number:
HGTG7N60A4D/D



HGTG7N60A4D, HGTP7N60A4D,

ORDERING INFORMATION

PART NUMBER PACKAGE BRAND
HGTG7N60A4D TO-247 G7N60A4D
HGTP7N60A4D TO-220AB G7N60A4D
HGT1S7N60A4DS TO-263AB G7N60A4D
NOTE: When ordering, use the entire part number. Add the suffix 9A to obtain the TO-263AB variant in tape and reel, e.g.,
HGT1S7N60A4DS9A.
PACKAGING
JEDEC STYLE TO-247 JEDEC TO-220AB
. . JEDEC TO-263AB
c (o]
G G
-¢«—— COLLECTOR
y ; G ' (FLANGE)
COLLECTOR
FLANGE COLLECTOR
\ ) ) < (FLANGE) E
Figure 1.
ABSOLUTE MAXIMUM RATINGS T = 25°C Unless Otherwise Specified
Description Symbol All Types Units
Collector to Emitter Voltage BVcEs 600 \
Collector Current Continuous
At Tg = 25°C lcos 34 A
At Tg =110°C Ic110 14 A
Collector Current Pulsed (Note 1) lom 56 A
Gate to Emitter Voltage Continuous VGEs +20 \
Gate to Emitter Voltage Pulsed VGEM +30 \Y
Switching Safe Operating Area at Ty = 150°C (Figure 1) SSOA 35Aat600V
Power Dissipation Total at T¢ = 25°C Pp 125 W
Power Dissipation Derating T¢ > 25°C 1.0 W/°C
Operating and Storage Junction Temperature Range Ty, Tstg -55to0 150 °C
Maximum Lead Temperature for Soldering
Leads at 0.063 in (1.6 mm) from case for 10 s T 300
Package Body for 10 s, see Tech Brief 334 Trka 260

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. Pulse width limited by maximum junction temperature.

www.onsemi.com
2




HGTG7N60A4D, HGTP7N60A4D,

ELECTRICAL SPECIFICATIONS T, = 25 °C Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector to Emitter Breakdown Voltage | BVges lc =250 yA, Vge=0V 600 - - \Y
Collector to Emitter Leakage Current IcES Vce =600V Tc=25°C - - 250 uA
Tc=125°C - - 2 mA
Collector to Emitter Saturation Voltage | Vcgisan |lc=7A, Tc=25°C - 1.9 2.7 \Y
Vge=15V
Tc=150°C - 1.6 2.2 \
Gate to Emitter Threshold Voltage VGemH) |lc =250 uA, Vce =600V 4.5 5.9 7 \
Gate to Emitter Leakage Current IGES Vge=120V - - +250 nA
Switching SOA SSOA [Ty=150°C, Rg=25Q,Vge=15V, 35 - - A
L =100 uH, Vgg = 600 V
Gate to Emitter Plateau Voltage VGep lc=7A,Vge=300V - 9 - \Y
On-State Gate Charge Qgon) Ic=T7A, Vge=15V - 37 45 nC
Vce =300V
Vge=20V - 48 60 nC
Current Turn-On Delay Time taony IGBT and Diode at T; = 25°C, - 11 - ns
Current Rise Time ty lce=7A, - 11 - ns
Vce =390V,
Current Turn-Off Delay Time ta(oFF)I Vae =15V, - 100 - ns
Current Fall Time ty Ra=25Q, - 45 - ns
L=1mH
Turn-On Ener E ’ - 55 - J
9y ONT Test Circuit (Figure 24) .
Turn-On Energy Eong - 120 150 ud
Turn-Off Energy (Note 3) Eorr - 60 75 ud
Current Turn-On Delay Time taony! IGBT and Diode at Ty = 150°C, - 10 - ns
Current Rise Time ty lce=7A, - 7 - ns
Vce =390V,
Current Turn-Off Delay Time td(oFF)I Vge=15V - 130 150 ns
Current Fall Time ty Rg=25Q, - 75 85 ns
L=1mH
Turn-On Ener E ’ - 50 - J
9y ON Test Circuit (Figure 24) "
Turn-On Energy Eong - 200 215 wd
Turn-Off Energy (Note 3) Eorr - 125 170 ud
Diode Forward Voltage Ve lec=7A - 2.4 - \Y
Diode Reverse Recovery Time ter lec =7 A, digg/dt = 200 Alus - 34 - ns
lec =1 A, dlgc/dt = 200 A/us - 22 - ns
Thermal Resistance Junction To Case ReJc IGBT - - 1.0 °C/W
Diode - - 2.2 °C/wW

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

2. Values for two Turn-On loss conditions are shown for the convenience of the circuit designer. Eqyy is the turn-on loss of the IGBT only. Egnz
is the turn-on loss when a typical diode is used in the test circuit and the diode is at the same T, as the IGBT. The diode type is specified
in Figure 24.

3. Turn-Off Energy Loss (Eorf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Ice = 0 A). All devices were tested per JEDEC Standard No. 24-1 Method for
Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.

www.onsemi.com
3




International
IGR Rectifier

PD-94388B

IRGP30B60KD-E

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

Features

* Low V¢E (on) Non Punch Through IGBT Technology.
 Low Diode V.

* 10us Short Circuit Capability.

» Square RBSOA.

« Ultrasoft Diode Reverse Recovery Characteristics.
* Positive V¢g (on) Temperature Coefficient.

» TO-247AD Package

Benefits

C VCES =600V
Ic = 30A, Tc=100°C
Y c c
b tse > 10ps, T =150°C
E
n-channel VcEe(on) typ. = 1.95V

» Benchmark Efficiency for Motor Control.

» Rugged Transient Performance.

* Low EMI.

« Excellent Current Sharing in Parallel Operation.

TO-247AD
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 V
Ilc @ Tg = 25°C Continuous Collector Current 60

Ic @ Tg = 100°C | Continuous Collector Current 30

lom Pulsed Collector Current 120

ILm Clamped Inductive Load Current @ 120 A
IF@ T¢c = 25°C Diode Continuous Forward Current 60

IF@ Tc = 100°C | Diode Continuous Forward Current 30

IEm Diode Maximum Forward Current 120

Ve Gate-to-Emitter Voltage +20 V
Pp @ Tg = 25°C Maximum Power Dissipation 304 W
Pp @ Tgc = 100°C | Maximum Power Dissipation 122

Ty Operating Junction and -55 to +150

TstG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

ReJc Junction-to-Case - IGBT — — 0.41

ReJc Junction-to-Case - Diode — — 1.32 °C/W
Recs Case-to-Sink, flat, greased surface — 0.24 —

RoJa Junction-to-Ambient, typical socket mount — — 40

Wit Weight — 6.0 — g
www.irf.com 1

02/27/06



IRGP30B60KD-E Infernationdl

TSR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions Ret.Fig.
V(BR)CES Collector-to-Emitter Breakdown Voltage | 600 | — | — V Vge = 0V, Ic = 500pA
AV(srices/ATy| Temperature Coeff. of Breakdown Voltage | — | 0.4 | — | V/°C | Vge =0V, Ic = 1.0mA, (25°C-150°C)
VGE(on) Collector-to-Emitter Saturation Voltage | — |[1.95/2.35 | V Ic = 30A, Vge = 15V 567
—[2.40]2.75 Ic = 30A,Vge = 15V, Ty = 150°C |9.1011
VGE(th) Gate Threshold Voltage 35| 45| 55 V Vce = VaE, Ic = 250pA 9,10,11
AVgEhyATy | Temperature Coeff. of Threshold Voltage| — | -10 | — |mV/°C| VcE = Vg, Ic = 1.0mA, (25°C-150°C) | 12
Ofe Forward Transconductance — 18 | — S Ve =50V, Ic = 50A, PW=80us
Ices Zero Gate Voltage Collector Current — | 5.0 | 250 | pA | Vge =0V, Vcg = 600V
—— /1000|2000 Vae = 0V, Vge = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 130|155 | V Ir = 30A 8
— | 1.25|1.50 I = 30A Ty=150°C
lges Gate-to-Emitter Leakage Current — | — |+100 | nA | Vgg = £20V
Switching Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions Ref.Fig.
Qg Total Gate Charge (turn-on) — | 102 | 153 Ic = 30A 3
Qge Gate - Emitter Charge (turn-on) — | 14 | 21 nC | Vcc =400V CT.1
Qgc Gate - Collector Charge (turn-on) — | 44 | 66 Vge = 15V
Eon Turn-On Switching Loss —— | 350 | 620 ud | Ic =30A, Vcc = 400V
Eoft Turn-Off Switching Loss — | 825 | 955 Vge =15V, Rg = 10Q, L=200uH, CT4
Etot Total Switching Loss — | 1175|1575 Ls= 150nH Ty=25°C @
td(on) Turn-On Delay Time — | 46 | 60 Ic = 30A, Vgc = 400V
tr Rise Time — | 28 39 Vge = 15V, Rg = 10Q L =200pH CT4
td(off) Turn-Off Delay Time — | 185 | 200 ns | Lg=150nH, Ty = 25°C
1 Fall Time — | 31 40
Eon Turn-On Switching Loss — | 635 1085 Ic = 30A, V¢g = 400V CT4
Eoff Turn-Off Switching Loss — (1150|1350 | pJ | Vge=15V,Rg=10Q, L =200uH 1315
Etot Total Switching Loss —— 1785|2435 Ls = 150nH Ty=150°C @ |wriwr2
td(on) Turn-On Delay Time — | 46 | 60 Ic = 30A, Vg = 400V CT.4
tr Rise Time — | 28 39 Vge = 15V, Rg = 10Q L =200pH 14,16
ta(off) Turn-Off Delay Time — | 205 | 235 ns | Lg=150nH, Ty = 150°C WF1,WF2
1 Fall Time — | 32 42
Cies Input Capacitance — 1750 | — Vge =0V
Coes Output Capacitance — | 160 | — | pF | Vgo =30V 2
Cres Reverse Transfer Capacitance — | 60 | — f = 1.0MHz
) ) Ty =150°C, Ic = 120A, Vp =600V 4
RBSOA Reverse Bias Safe Operting Area FULL SQUARE Voo = 500V, Vi = +15V 10 0V, Re=10Q | CT2
SCSOA Short Circuit Safe Operting Area 10 | — | — | us JJC; lssc;gvv\z:iog\{s\? ?:01\/09 \(/:vTFi
Erec Reverse Recovery energy of the diode | — | 925 [1165| uJ | Ty = 150°C 171819
ter Diode Reverse Recovery time — | 125 | — | ns | Voo =400V, If = 30A, L = 200pH 2021
[ Diode Peak Reverse Recovery Current — | 43 | 48 A | Vge=15V,Rg=10Q,L = 150nH CT.4,WF.3

Notes: @ V¢ = 80% (Vees), Vae = 15V, L = 28uH, Rg = 220. @ Energy losses include "tail" and diode reverse recovery.

2 www.irf.com



Features

FAIRCHILD.

FGP20N60UFD
600 V, 20 A Field Stop IGBT

» High Current Capability

* Low Saturation Voltage: Vcg(say = 1.8V @ Ic = 20 A
* High Input Impedance

» Fast Switching

* RoHS Compliant

Applications
» Solar Inverter, UPS, Welder, PFC

General Description

Using novel field stop IGBT technology, Fairchild’s field stop
IGBTs offer the optimum performance for solar inverter, UPS,
welder and PFC applications where low conduction and switch-

ing losses are essential.

March 2015

C
TO-220
GCE
E
Absolute Maximum Ratings
Symbol Description Ratings Unit
Vces Collector to Emitter Voltage 600 \Y
Gate to Emitter Voltage +20
Vees ; ; v
Transient Gate-to-Emitter Voltage +30
| Collector Current @ T =25°C 40 A
c
Collector Current @ Tc =100°C 20 A
lem (1) Pulsed Collector Current @ T =25°C 60 A
p Maximum Power Dissipation @ Tc =25°C 165 W
D
Maximum Power Dissipation @ T¢ =100°C 66 W
Ty Operating Junction Temperature -55 to +150 SC
Tstg Storage Temperature Range -55 to +150 oC
Maximum Lead Temp. for soldering .
Ut Purposes, 1/8” from case for 5 seconds 300 c
Notes:
1: Repetitive rating: Pulse width limited by max. junction temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Unit
Rgyc(IGBT) Thermal Resistance, Junction to Case - 0.76 °c/w
Rgyc(Diode) Thermal Resistance, Junction to Case - 2.51 °c/w
Rosa Thermal Resistance, Junction to Ambient - 62.5 °C/wW

©2011 Fairchild Semiconductor Corporation
FGP20N60UFD Rev. 1.4

www.fairchildsemi.com
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Package Marking and Ordering Information

Device Marking

Device

Package

Reel Size

Tape Width

Quantity

FGP20N60UFD

FGP20NG6OUFDTU

TO-220

50ea

Electrical Characteristics of the IGBT . - 25 uniess otherwise noted

Symbol ‘ Parameter Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit

Off Characteristics

BVces Collector to Emitter Breakdown Voltage |Vgg = 0V, Ic = 250uA 600 - - \

ABV(cEgs Temperature Coefficient of Breakdown _ _ o

/ AT, Voltage Vee =0V, lc =250 pA ) o - vFC

Ices Collector Cut-Off Current Vce =Vees: Ve =0V, - - 250 HA
TC = 2500
VCE = VCES’ VGE =0 V, = = 1 mA
Tc=125°C

IcES G-E Leakage Current Vee = Vges: Ve = 0V - - +400 nA

On Characteristics

VGE(th) G-E Threshold Voltage IC =250 HA, VCE = VGE 4.0 5.0 6.5 \Y
Ic=20A Vge=15V - 1.8 24 \

VCE(sat) Collector to Emitter Saturation Voltage Ic=20 A Vge =15V, 20 v
Tc =125°C . : B

Dynamic Characteristics

Cies Input Capacitance - 940 - pF

. Vee=30V Vge=0V,

Coes Output Capacitance fgi i GE - 110 - pF

Cres Reverse Transfer Capacitance - 40 - pF

Switching Characteristics

ty(on) Turn-On Delay Time - 13 - ns

t, Rise Time - 17 - ns

ta(off) Turn-Off Delay Time Voo =400V, Ic =20 A, s 87 - ns

t; Fall Time Rg=10Q Vge=15YV, 8 32 64 ns

— Inductive Load, T¢ = 25°C

Eon Turn-On Switching Loss - 0.38 - mJ

Eoff Turn-Off Switching Loss - 0.26 - mJ

Eis Total Switching Loss - 0.64 - mJ

ta(on) Turn-On Delay Time - 13 - ns

t, Rise Time = 16 = ns

tacofry Turn-Off Delay Time Ve =400V, Ig = 20 A, - 92 - ns

t Fall Time Rg=10Q Ve =15V, - 63 8 ns

— Inductive Load, T¢ = 125°C

Eon Turn-On Switching Loss - 0.41 - mJ

Eof Turn-Off Switching Loss - 0.36 - mJ

Eis Total Switching Loss - 0.77 - mJ

Qq Total Gate Charge - 63 - nC

Qge Gate to Emitter Charge Vce =400V, Ic =20 A, - 7 - nC
VGE =15V

Qqc Gate to Collector Charge - 32 - nC

©2011 Fairchild Semiconductor Corporation
FGP20N60UFD Rev. 1.4

www.fairchildsemi.com
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Electrical Characteristics of the Diode T - 2s:c uniess otnerwise noted
Symbol Parameter Test Conditions Min. Typ. Max | Unit
= O -
Vem Diode Forward Voltage IF=10A Tc=257C 19 25 \
Tc = 125°C - 1.7 -
= O, - -
tr Diode Reverse Recovery Time Tc=25°C 35 ns
Tc=125°C - 57 -
Ir=10A, -
Q. Diode Reverse Recovery Charge | dIF/dt =200 Alus UGSz . 41 - nC
T = 125°C s 96 g
©2011 Fairchild Semiconductor Corporation 3 www.fairchildsemi.com
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SEMICONDUCTOR® IGBT
FGL60N100BNTD

NPT-Trench IGBT

General Description Features

Trench insulated gate bipolar transistors (IGBTs) with NPT » High Speed Switching

technology show outstanding performance in conduction * Low Saturation Voltage : Vcg(sayy = 2.5V @ Ic = 60A
and switching characteristics as well as enhanced * High Input Impedance

avalanche ruggedness. These devices are well suited for + Built-in Fast Recovery Diode
Induction Heating ( I-H ) applications

Application

Micro- Wave Oven, I-H Cooker, I-H Jar, Induction Heater, Home Appliance

(o) = " C
P 1
G
TO-264
G C E E
AbSOIUte MaXi mum Rati ngS T¢ = 25°C unless otherwise noted
Symbol Description FGL60N100BNTD Units
Vces Collector-Emitter Voltage 1000 \
VeEs Gate-Emitter Voltage +25 \
| Collector Current @Tc= 25°C 60 A
c Collector Current @ Tc = 100°C 42 A
lem (1) Pulsed Collector Current 120 A
I Diode Continuous Forward Current @ T =100°C 15 A
Pp Maximum Power Dissipation @Tc= 25°C 180 w
Maximum Power Dissipation @ T¢ =100°C 72 w
T, Operating Junction Temperature -55 to +150 °C
Tstg Storage Temperature Range -55 to +150 °C
T Maximum Lead Temp. for soldering 300 oC
L Purposes, 1/8” from case for 5 seconds
Notes :
(1) Repetitive rating : Pulse width limited by max. junction temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Units
Rgyc(IGBT) Thermal Resistance, Junction-to-Case -- 0.69 °C/W
Reyc(DIODE) | Thermal Resistance, Junction-to-Case - 2.08 °C/W
Resa Thermal Resistance, Junction-to-Ambient - 25 °C/W

©2004 Fairchild Semiconductor Corporation FGLB0ON100BNTD Rev. A

dLNg00LN097194



Electrical Characteristics of IGBT

T = 25°C unless otherwise noted

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. | Typ. ‘ Max. | Units
Off Characteristics
BVces Collector Emitter Breakdown Voltage | Vgg =0V, Ic = 1TmA 1000 - - Y,
lces Collector Cut-Off Current Ve = 1000V, Vgg = 0V - - 1.0 mA
lcEs G-E Leakage Current Vee = %25, Vgg =0V -- - + 500 nA
On Characteristics
VGE(th) G-E Threshold Voltage IC = 60mA, VCE = VGE 4.0 5.0 7.0 \Y
Vv Collector to Emitter Ic=10A, Vgg=15V - 15 1.8 \%

CE(sat) | saturation Voltage lc=60A, Vg =15V - 25 2.9 v
Dynamic Characteristics
Cies Input Capacitance _ _ - 6000 - pF
Coes Output Capacitance ;/EE_IV}I(-)I\Z/ Vee =0V, - 260 - pF
Cres Reverse Transfer Capacitance - 200 - pF
Switching Characteristics
taon) Turn-On Delay Time - 140 -- ns
i Rise Ti Ve =600V, I = 60A,

r ise Time a a - 320 - ns
t Turn-Off Delay Time Rg = 514, Vee=15V, - 630 - ns
d(off) - Resistive Load, T = 25°C
t Fall Time -- 130 250 ns
Qq Total Gate Charge Vec = 600 V. I~ = 60A -- 275 350 nC
Qqe Gate-Emitter Charge VCE _ 15V ’TC _= 256 - 45 - nC
Qqe Gate-Collector Charge CE vc - 95 - nC

Electrical Characteristics of DIODE - 25:c uniess otnenise noted
Symbol Parameter Test Conditions Min Typ. | Max. | Units
. I =15A - 1.2 1.7 \Y,

Vem Diode Forward Voltage I = 60A — 18 21 v
tr Diode Reverse Recovery Time Ir = 60A di/dt =20 Alus 1.2 1.5 us
Ir Instantaneous Reverse Current VRRM = 1000V - 0.05 2 uA

©2004 Fairchild Semiconductor Corporation

FGL60ON100BNTD Rev. A
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IGBT - Field Stop, Trench
1200 V, 40 A

FGH40T120SMD,
FGH40T120SMD-F155

Description

Using innovative field stop trench IGBT technology,
ON Semiconductor’s new series of field stop trench IGBTs offer
the optimum performance for hard switching application such as solar
inverter, UPS, welder and PFC applications.

Features

® ES Trench Technology, Positive Temperature Coefficient
High Speed Switching

Low Saturation Voltage: Vcgsary = 1.8 V@ Ic =40 A
100% of the Parts tested for Iy pm(1)

High Input Impedance

These Devices are Pb—Free and are RoHS Compliant

Applications
® Solar Inverter, Welder, UPS & PFC applications

© Semiconductor Components Industries, LLC, 2017 1
July, 2021 - Rev. 5

ON Semiconductor®

www.onsemi.com

TO-247-3LD TO-247-3LD
CASE 340CK CASE 340CH

MARKING DIAGRAM

O

SY&RZ&3&K

FGH40T120

SMD
Y = ON Semiconductor Logo
&Z = Assembly Plant Code
&3 = Numeric Date Code
&K = Lot Code
FGH40T120SMD = Specific Device Code

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

Publication Order Number:
FGH40T120SMD/D



FGH40T120SMD, FGH40T120SMD-F155

ABSOLUTE MAXIMUM RATINGS (T = 25°C unless otherwise noted)

Description Symbol Ratings Unit
Collector to Emitter Voltage VGcEs 1200 \%
Gate to Emitter Voltage VGES +25 \Y
Transient Gate to Emitter Voltage +30 \%
Collector Current Tc=25°C Ic 80 A
Collector Current Tg =100°C 40 A
Clamped Inductive Load Current Tc =25°C ILm (Note 1) 160 A
Pulsed Collector Current Icm (Note 2) 160 A
Diode Continuous Forward Current Tc=25°C Ie 80 A
Diode Continuous Forward Current Tc =100°C 40 A
Diode Maximum Forward Current IEm 240 A
Maximum Power Dissipation Tc =25°C Pp 555 W
Maximum Power Dissipation Tc =100°C 277 w
Operating Junction Temperature Ty -551t0 +175 °C
Storage Temperature Range Tstg -551t0 +175 °C
Maximum Lead Temp. for soldering Purposes, 1/8” from case for 5 seconds T 300 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. Vec =600 V,\Vge =15V, Ic =160 A, Rg = 10 W, Inductive Load

2. Limited by Tjmax

THERMAL CHARACTERISTICS

Parameter Symbol Typ Max Unit
Thermal Resistance, Junction to Case Royc(IGBT) - 0.27 °C/W
Thermal Resistance, Junction to Case Reyc(Diode) - 0.89 °C/W
Thermal Resistance, Junction to Ambient Roua - 40 °C/W
PACKAGE MARKING AND ORDERING INFORMATION
Device Marking Device Package Reel Size | Tape Width Quantity
FGH40T120SMD FGH40T120SMD TO-247-3 - 30
(PB-Free)
FGH40T120SMD FGH40T120SMD-F155 TO-247-3 - 30
(Pb-Free)
ELECTRICAL CHARACTERISTICS OF THE IGBT (T¢ = 25°C unless otherwise noted)
Parameter Symbol | Test Conditions | Min | Typ Max | Unit |
OFF CHARACTERISTICS
Collector to Emitter Breakdown Voltage BVcEs Vge =0V, Ig =250 nA 1200 - - \%
Collector Cut-Off Current Ices Vce =Vees, Vge=0V - - 250 uA
G-E Leakage Current IGES Vge = Vges, Vce=0V - - +400 nA
ON CHARACTERISTICs
G-E Threshold Voltage VGE(th) Ic =40 mA, Vge = Vge 4.9 6.2 7.5 \Y
Collector to Emitter Saturation Voltage VCE(sat) Ic=40A,Vge=15V, Tgc =25°C - 1.8 2.4 \%
Ic=40A,Vge=15V, Tc =175°C - 2.0 - \Y

www.onsemi.com
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FGH40T120SMD, FGH40T120SMD-F155

ELECTRICAL CHARACTERISTICS OF THE IGBT (T = 25°C unless otherwise noted) (continued)

Parameter | Symbol | Test Conditions | Min | Typ | Max | Unit |
DYNAMIC CHARACTERISTICS
Input Capacitance Cies Vce=30V,Vge=0V,f=1MHz - 4300 - pF
Output Capacitance Coes - 180 - pF
Reverse Transfer Capacitance Cres - 100 - pF
SWITCHING CHARACTERISTICS
Turn-On Delay Time td(on) Vcc =600V, Ic =40 A, - 40 - ns
— Rg=10Q,Vge =15V,
Rise Time tr Inductive Load, T¢ = 25°C - 47 - ns
Turn-Off Delay Time td(off) - 475 - ns
Fall Time t - 10 - ns
Turn-On Switching Loss Eon - 2.7 - mJ
Turn-Off Switching Loss Eof - 1.1 - mJ
Total Switching Loss Eis - 3.8 - mJ
Turn-On Delay Time td(on) Voc =600V, Ig=40A, - 40 - ns
—— Rg=10Q,Vge =15V,
Rise Time tr Inductive Load, T = 175°C - 55 - ns
Turn-Off Delay Time td(off) - 520 - ns
Fall Time t - 50 - ns
Turn-On Switching Loss Eon - 3.4 - mJ
Turn-Off Switching Loss Eoff - 25 - mJ
Total Switching Loss Eis - 5.9 - mJ
Total Gate Charge Qq Ve =600V, Ic=40A, Vge =15V - 370 - nC
Gate to Emitter Charge Qge - 23 - nC
Gate to Collector Charge Qqgc - 210 - nC
ELECTRICAL CHARACTERISTICS OF THE DIODE (T, = 25°C unless otherwise noted)
Parametr Symbol Test Conditions Min Typ Max Unit
Diode Forward Voltage VEm IF=40A, Tg=25°C - 3.8 4.8 \%
IF=40A, Tc =175°C - 2.7 - \Y,
Diode Reverse Recovery Time ter VrR=600V, IF=40A, - 65 - ns
Diode Peak Reverse Recovery Current [ diF/dt = 200 Alps, T = 25°C - 7.2 - A
Diode Reverse Recovery Charge Qpr - 234 - nC
Diode Reverse Recovery Time ter VgR=600V, IF=40A, - 200 - ns
Diode Peak Reverse Recovery Current I diF/dt = 200 Alps, Te = 175°C - 18.0 - A
Diode Reverse Recovery Charge Q - 1800 - nC

www.onsemi.com
3




e
FAIRCHILD

]
SEMICONDUCTOR®

FGH20N60SFD
600V, 20A Field Stop IGBT

Features

» High current capability
Low saturation voltage: Vg sa =2.2V @ Ig = 20A
High input impedance
Fast switching

RoHS compliant

Applications
» Induction Heating, UPS, SMPS, PFC

September 2008

General Description

Using Novel Field Stop IGBT Technology, Fairchild’s new series
of Field Stop IGBTSs offer the optimum performance for Induction
Heating, UPS, SMPS and PFC applications where low conduc-
tion and switching losses are essential.

E
c (o
G
~«—— COLLECTOR
(FLANGE) E
Absolute Maximum Ratings
Symbol Description Ratings Units
VcEs Collector to Emitter Voltage 600 \
VGEs Gate to Emitter Voltage +20 \
| Collector Current @ T =25°C 40 A
c
Collector Current @ T =100°C 20 A
lem (1) Pulsed Collector Current @ T =25°C 60 A
p Maximum Power Dissipation @ T =25°C 165 w
D
Maximum Power Dissipation @ T¢ = 100°C 66 W
Ty Operating Junction Temperature -55 to +150 °C
Tstg Storage Temperature Range -55 to +150 °c
Maximum Lead Temp. for soldering o
T Purposes, 1/8” from case for 5 seconds 300 ¢
Notes:
1: Repetitive rating: Pulse width limited by max. junction temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Units
Rgyc(IGBT) Thermal Resistance, Junction to Case - 0.76 °C/W
Reyc(Diode) Thermal Resistance, Junction to Case - 2.51 °Cc/w
Roua Thermal Resistance, Junction to Ambient - 40 °C/wW
©2008 Fairchild Semiconductor Corporation 1 www.fairchildsemi.com

FGH20N60SFD Rev. A
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Package Marking and Ordering Information

Packaging Max Qty
Device Marking Device Package Type Qty per Tube per Box
FGH20N60SFD FGH20N60SFDTU TO-247 Tube 30ea -

E|ectl‘ica| Characteristics Of the IG BT Tg = 25°C unless otherwise noted

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Units
Off Characteristics

BVces Collector to Emitter Breakdown Voltage | Vg = 0V, I = 250pA 600 - - Vv
iEJ/CES '\F/i:?;);erature Coefficient of Breakdown Vg = OV, Ig = 2504A i 0.6 i VG
Ices Collector Cut-Off Current Vce = Vees, Vge =0V - - 250 pA
lges G-E Leakage Current Vge = Vges, Voe = 0V - - +400 nA
On Characteristics

VGE(h) G-E Threshold Voltage Ic = 250uA, Ve = Vae 4.0 5.0 6.5 v

I = 20A, Vgg = 15V - 22 2.8 Vv
VeE(sat) Collector to Emitter Saturation Voltage Ig = 20A, Vg = 15V, ] o4 ] v
Tc=125°C '

Dynamic Characteristics

Cies Input Capacitance - 940 - pF
Coes Output Capacitance ?/;351 IT/IaZV Ve =0V, - 110 - pF
Cres Reverse Transfer Capacitance - 40 - pF
Switching Characteristics

td(on) Turn-On Delay Time - 13 - ns
t Rise Time - 16 - ns
ta(off) Turn-Off Delay Time Ve = 400V, Ig = 20A, - 90 - ns
t Fall Time Rg =10Q, Vge = 15V, - 24 48 ns
Eon Turn-On Switching Loss Inductive Load, T = 25°C - 0.37 - mdJ
Eoff Turn-Off Switching Loss - 0.16 - mJ
Eis Total Switching Loss - 0.53 - mJ
td(on) Turn-On Delay Time - 12 - ns
t Rise Time - 16 - ns
td(off) Turn-Off Delay Time Veg = 400V, Ig = 20A, - 95 - ns
t Fall Time Rg =10Q, Vg = 15V, - 28 - ns
Eon Turn-On Switching Loss Inductive Load, T¢ = 125°C - 0.4 - mJ
Eoff Turn-Off Switching Loss - 0.28 - mJ
Eis Total Switching Loss - 0.69 - mJ
Qq Total Gate Charge - 65 - nC
Qge Gate to Emitter Charge xgi Z ‘1‘23\/ lc = 20A, - 7 - nC
Qqc Gate to Collector Charge - 33 - nC

FGH20N60SFD Rev. A

www.fairchildsemi.com
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Electrical Characteristics of the Diode . - 25:c uniess othenwise noted

Symbol Parameter Test Conditions Min. Typ. Max |Units
_ 250 .
Vem Diode Forward Voltage I = 10A Tc=25°C 19 25 %
Tg=125°C| - 1.7 -
_ 250 _ .
ty Diode Reverse Recovery Time Tc=257C 34 ns
To=125°C| - 57 -
lgs =10A, dlgg/dt = 200A/s |
Qy Diode Reverse Recovery Charge Tc=257C . il . nC
To=125°C| - 96 -

FGH20NG60SFD Rev. A 3 www.fairchildsemi.com
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FGA25N120ANTD
1200 V, 25 A NPT Trench IGBT

Features
* NPT Trench Technology, Positive Temperature Coefficient

+ Low Saturation Voltage: Vggsat), typ = 2.0 V
@ Ic=25Aand Tg =25°C

* Low Switching Loss: Eqg, 1yp = 0.96 mJ
@ lc=25Aand T = 25°C

» Extremely Enhanced Avalanche Capability

Applications

* Induction Heating, Microwave Oven

November 2013

Description

Using Fairchild's proprietary trench design and advanced NPT
technology, the 1200V NPT IGBT offers superior conduction
and switching performances, high avalanche ruggedness and
easy parallel operation. This device is well suited for the reso-
nant or soft switching application such as induction heating,
microwave oven.

/ _ \ c
\
G
&t TO-3P E
Absolute Maximum Ratings
Symbol Description Ratings Unit
Vces Collector-Emitter Voltage 1200 \Y
VGEs Gate-Emitter Voltage +20 \"
Ic Collector Current @Tc= 25°C 50 A
Collector Current @ T =100°C 25 A
lem (1) Pulsed Collector Current 90 A
5 Diode Continuous Forward Current @ Tg=25°C 50 A
Diode Continuous Forward Current @ Tc=100°C 25 A
lem Diode Maximum Forward Current 150 A
Pp Maximum Power Dissipation @ Tc= 25°C 312 W
Maximum Power Dissipation @ T =100°C 125 W
Ty Operating Junction Temperature -55 to +150 °C
Tstg Storage Temperature Range -55 to +150 °C
T Maximum Lead Temp. for soldering 300 °C
Purposes, 1/8” from case for 5 seconds
Notes:
(1) Repetitive rating: Pulse width limited by max. junction temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Unit
Rgyc(IGBT) Thermal Resistance, Junction-to-Case - 0.4 °C/W
Rgyc(DIODE) | Thermal Resistance, Junction-to-Case -- 2.0 °C/W
Reua Thermal Resistance, Junction-to-Ambient -- 40 °C/W

©2006 Fairchild Semiconductor Corporation
FGA25N120ANTD Rev. C1

www.fairchildsemi.com
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Package Marking and Ordering Information

Part Number Top Mark

Package | Packing Method

Reel Size

Tape Width

Quantity

FGA25N120ANTDTU | FGA25N120ANTD

TO-3P Tube

N/A

N/A

30

Electrical Chal’acteristics Of the IG BT Tc = 25°C unless otherwise noted

Symbol | Parameter ‘ Test Conditions | Min. | Typ. ‘ Max. | Unit
Off Characteristics
lces Collector Cut-Off Current Vce =Vees, Vge=0V = = 3 mA
lges G-E Leakage Current Vge =Vaes; Vce=0V = = +250 nA
On Characteristics
VGE(th) G-E Threshold Voltage Ilc=25mA, Vee = Vge 3.5 5.5 7.5 \'
VCE(sat) Collector to Emitter Ic=25A, Vge=15V = 2.0 = \Y

Saturation Voltage Ic=25A, Vge=15V, — 215 — v

Te =125°C
lc=50A, Vge=15V - 2.65 - Y
Dynamic Characteristics
Cies Input Capacitance Vee=30V Vge=0V, - 3700 - pF
o] - Output Capacitance Il - 130 - pF
Cres Reverse Transfer Capacitance = 80 = pF
Switching Characteristics
ta(on) Turn-On Delay Time Vec =600V, Ic=25A, = 50 = ns
i i Wi Eg:ct}\?egto\;(él,z;cf ;/é"C — o — "
toff) Turn-Off Delay Time = 190 = ns
t Fall Time - 100 - ns
Eon Turn-On Switching Loss = 4.1 = mJ
Eoff Turn-Off Switching Loss - 0.96 -- mJ
Eis Total Switching Loss - 5.06 - mJ
t(on) Turn-On Delay Time Voc =600V, Ic=25A, = 50 = ns
i Rise Time :::l(é:ct}\?e%o\;(é,lz;;f 1V 25°C — €0 — ns
taoff) Turn-Off Delay Time = 200 = ns
t Fall Time = 154 = ns
Eon Turn-On Switching Loss = 4.3 = mJ
Eoff Turn-Off Switching Loss = 1.5 = mJ
E Total Switching Loss = 5.8 = mJ
Qq Total Gate Charge Vce =600V, Ic=25A, = 200 - nC
Qqe Gate-Emitter Charge LCECR R -- 15 -- nC
Qg Gate-Collector Charge = 100 = nC
©2006 Fairchild Semiconductor Corporation 2 www.fairchildsemi.com
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E|eCtI‘ica| Chal‘acteristics Of DIODE Tc = 25°C unless otherwise noted

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit

VEm Diode Forward Voltage lF=25A Tc= 25°C - 2.0 3.0 \
Tc=125°C - 2.1 -

ter Diode Reverse Recovery Time IF=25A Tc= 25°C - 235 350 ns
dig/dt = 200 A/us To=125°C __ 300 __

= Diode Peak Reverse Recovery Cur- Tc= 25°C - 27 40 A
= To=125°C - 31 -

Q Diode Reverse Recovery Charge Tc= 25°C - 3130 4700 nC
Te=125°C = 4650 =

©2006 Fairchild Semiconductor Corporation
FGA25N120ANTD Rev. C1

www.fairchildsemi.com
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FGA20N120FTD
1200V, 20A Trench IGBT

Features

» Field stop trench technology
» High speed switching

* Low saturation voltage: Vggsayy =1.6V @ Ig = 20A
» High input impedance
* RoHS compliant

General Description

Using advanced field stop trench technology, Fairchild’s 1200V
trench IGBTs offer superior conduction and switching perfor-
mances, and easy parallel operation with exceptional avalanche

December 2007

ruggedness. This device is designed for soft switching applica-

Applications tions.
 Induction heating and Microvewave oven
» Soft switching applications
/ 5 ‘ Cc
Y
TO-3PN
GCE E
Absolute Maximum Ratings
Symbol Description Ratings Units

VcEs Collector to Emitter Voltage 1200 \"
VGEs Gate to Emitter Voltage +25 \
| Continuous Collector Current @ T =25°C 40 A
c

Continuous Collector Current @ T =100°C 20 A
lem (1) Pulsed Collector Current 60 A
3 Diode Continuous Forward Current @ T =25°C 20 A
P Maximum Power Dissipation @ T =25°C 298 W

D

Maximum Power Dissipation @ T =100°C 119 W
Ty Operating Junction Temperature -55to +150 °C
Tstg Storage Temperature Range -55 to +150 °C

Maximum Lead Temp. for soldering o
T Purposes, 1/8” from case for 5 seconds 300 c
Notes:
1: Repetitive rating, Pulse width limited by max. junction temperature
Thermal Characteristics

Symbol Parameter Typ. Max. Units

Reyc(IGBT) Thermal Resistance, Junction to Case - 0.42 °C/wW
Rgyc(Diode) Thermal Resistance, Junction to Case - 2.0 °C/W
Roua Thermal Resistance, Junction to Ambient - 40 °c/w

©2007 Fairchild Semiconductor Corporation
FGA20N120FTD Rev. A

www.fairchildsemi.com

1991 ydouall voe ‘A00Z 1 d.L40ZLNOZYDL



Package Marking and Ordering Information

Device Marking Device Package Reel Size Tape Width Quantity
FGA20N120FTD | FGA20N120FTDTU TO-3PN - - 30

Electrical Characteristics Of the IG BT T = 25°C unless otherwise noted

Symbol ‘ Parameter ‘ Test Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Units
Off Characteristics
BVces Collector to Emitter Breakdown Voltage | Vge =0V, Ig = TmA 1200 - - \
lces Collector Cut-Off Current Vce = Vees, Vge = 0V - - 1 mA
lges G-E Leakage Current Vge = Vges, Voe = 0V - - +250 nA
On Characteristics
VGE(h) G-E Threshold Voltage lc =20mA, Vge = Ve 3.5 5.9 75 Vv

Ic = 20A, Vgg = 15V - 1.60 2.00 Vv
VCE(sat) Collector to Emitter Saturation Voltage | T = 25°C

ITCC 2 ﬁS'Q’CGE 1% - 1.85 - v
Dynamic Characteristics
Cies Input Capacitance - 3080 - pF
Coes Output Capacitance ?l=051 ;/Iggv Vee =0V, - 95 - pF
Cres Reverse Transfer Capacitance - 60 - pF
Switching Characteristics
ta(on) Turn-On Delay Time - 30 - ns
t Rise Time - 79 - ns
ta(ofry Turn-Off Delay Time Ve = 600V, Ig = 20A, - 143 - ns
t Fall Time Rg =109, Vg = 15V, - 217 320 ns
Eon Turn-On Switching Loss Resistive Load, Tg = 25°C - 0.42 - mJ
Eoff Turn-Off Switching Loss - 0.71 1.05 mJ
Eis Total Switching Loss - 1.13 - mJ
td(on) Turn-On Delay Time - 29 - ns
t Rise Time - 93 - ns
ta(of) Turn-Off Delay Time Vg = 600V, Ig = 20A, - 147 - ns
t Fall Time Rg =10Q, Vge = 15V, - 259 - ns
Eon Turn-On Switching Loss Resistive Load, Tg = 125°C - 0.47 - mJ
Eoff Turn-Off Switching Loss - 0.86 - mJ
Eig Total Switching Loss - 1.33 - mJ
Qq Total Gate Charge - 137 - nC
Qge Gate to Emitter Charge xgi Z ?g?/v! lc = 20A, - 23 - nC
Qqc Gate to Collector Charge - 65 - nC

2 www.fairchildsemi.com
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Electrical Characteristics of the Diode . - 25:c uniess otherwise noted

FGA20N120FTD Rev. A

Symbol Parameter Test Conditions Min. | Typ. | Max | Units
— 250, -
Vem Diode Forward Voltage Ir =20A Tc=25°C 13 17 \
Tc = 125°C - 1.3 -
= 259, . -
tr Diode Reverse Recovery Time Tc=25°C 447 ns
To =125°C - 485 -
leg =20A, 5
Iy Diode Peak Reverse Recovery Current | dl/dt = 200A/us Tc=25°C . 48 . A
Tg =125°C - 50 -
— 950 . -
Qy Diode Reverse Recovery Charge Te=257C 108 nC
Tc = 125°C - 12 -
3 www.fairchildsemi.com
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SEMICONDUCTOR®

FGA15N120AND

General Description

Employing NPT technology, Fairchild’'s AND series of » High speed switching
IGBTSs provides low conduction and switching losses. The + Low saturation voltage : Voggay =24 V @ Ic = 15A
AND series offers solutions for applications such as » High input impedance
induction heating (IH), motor control, general purpose + CO-PAK, IGBT with FRD : t,. = 210ns (typ.)
inverters and uninterruptible power supplies (UPS).

Applications

Features

Induction Heating, UPS, AC & DC motor controls and general purpose inverters.

IGBT

/ ' c
v
TO-3P E
G CE
AbSOIUte MaXimum RatingS Tc = 25°C unless otherwise noted
Symbol Description FGA15N120AND Units
Vces Collector-Emitter Voltage 1200 \
VGEs Gate-Emitter Voltage +20 \Y
| Collector Current @Tc= 25°C 24 A
¢ Collector Current @ T =100°C 15 A
Iem (1 Pulsed Collector Current 45 A
I Diode Continuous Forward Current @ T =100°C 15 A
IEm Diode Maximum Forward Current 45 A
Pp Maximum Power Dissipation @Tc= 25°C 200 w
Maximum Power Dissipation @ T =100°C 80 W
T, Operating Junction Temperature -55 to +150 °C
Tstg Storage Temperature Range -55 to +150 °C
T Maximum Lead Temp. for soldering 300 oc
L Purposes, 1/8” from case for 5 seconds
Notes :
(1) Repetitive rating : Pulse width limited by max. junction temperature
Thermal Characteristics
Symbol Parameter Typ. Max. Units
Reyc(IGBT) Thermal Resistance, Junction-to-Case - 0.63 °C/W
Reyc(DIODE) | Thermal Resistance, Junction-to-Case -- 2.88 °C/W
Reya Thermal Resistance, Junction-to-Ambient -- 40 °C/W

©2003 Fairchild Semiconductor Corporation

FGA15N120AND Rev. A
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Electrical Characteristics Of the IGBT Tc = 25°C unless otherwise noted
Symbol ‘ Parameter | Test Conditions | Min. ‘ Typ. ‘ Max. ‘ Units
Off Characteristics
BVces Collector-Emitter Breakdown Voltage | Vgg = 0V, I = 3mA 1200 -- - \Y
i'?:/CES/ czrlmtwap;gature Coefficient of Breakdown Vg = 0V, Ig = 3mA _ 06 _ VoG
Ices Collector Cut-Off Current Vce = Vees: Vge = 0V -- - 3 mA
IcES G-E Leakage Current Ve = Vs, Vcg = 0V - - +100 nA
On Characteristics
VGE(th) G-E Threshold Voltage IC = 15mA, VCE = VGE 3.5 55 7.5 \
lc=15A, Vgg =15V - 24 3.2 \
Vee Collectgr to Emitter lc=15A, Vgg=15V, _ 29 _ v
(sa) | saturation Voltage Te =125°C
lc=24A, Vge =15V - 3.0 - \
Dynamic Characteristics
Cies Input Capacitance Vce =30V Vge = 0V, - 1150 - pF
Coes Output Capacitance f=1MHz -- 120 -- pF
Cres Reverse Transfer Capacitance -- 56 -- pF
Switching Characteristics
td(on) Turn-On Delay Time - 90 - ns
t Rise Time - 70 - ns
tacoff) Turn-Off Delay Time Vee =600V, I = 15A, - 310 - ns
t Fall Time Rg =20Q, Vgg = 15V, - 60 120 ns
Eon Turn-On Switching Loss Inductive Load, T = 25°C - 3.27 4.9 mJd
Eoff Turn-Off Switching Loss -- 0.6 0.9 mJ
Eis Total Switching Loss - 3.68 5.8 mJ
td(on) Turn-On Delay Time - 80 - ns
t Rise Time - 60 - ns
t(ofr) Turn-Off Delay Time Ve =600V, Ig = 15A, - 310 - ns
t Fall Time Rg =20Q, Vge = 15V, - 50 - ns
Eon Turn-On Switching Loss Inductive Load, T¢ = 125°C - 3.41 - mJ
Eoff Turn-Off Switching Loss -- 0.84 -- mJ
Eis Total Switching Loss - 4.25 - mJ
Qq Total Gate Charge Vec = 600 V. | = 15A - 120 180 nC
Qe Gate-Emitter Charge VCE —15v ¢ ’ - 9 14 nC
Qqc Gate-Collector Charge GE - 63 95 nC
Le Internal Emitter Inductance Measured 5mm from PKG - 14 - nH
Electrical Characteristics of DIODE r - 25:c uniess otnerwise noted
Symbol Parameter Test Conditions Min Typ. | Max. | Units
_ Tc= 25°C - 1.7 2.7
VEm Diode Forward Voltage IF = 15A To=125°C — 18 — \%
i - Te= 25°C | - 210 | 330
ter Diode Reverse Recovery Time To=125°C — 280 — ns
| Diode Peak Reverse Recovery I = 15A Tc= 25°C - 27 40 A
" Current dl/dt=200A/us Tc=125°C - 31 -
. Tc= 25°C - 2835 | 6600
Q. Diode Reverse Recovery Charge To=125°C - 4340 - nC

©2003 Fairchild Semiconductor Corporation

FGA15N120AND Rev. A
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PD 91453B

International
IR Rectifier IRG4BC30UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT
ULTRAFAST SOFT RECOVERY DIODE

Features ¢

e UltraFast: Optimized for high operating Vces = 600V
frequencies 8-40 kHz in hard switching, >200
kHz in resonant mode

VcE(on) typ. = 1.95V

» Generation 4 IGBT design provides tighter G

parameter distribution and higher efficiency than

Generation 3 e @Vge=15V,Ic=12A
* IGBT co-packaged with HEXFRED™ ultrafast,

ultra-soft-recovery anti-parallel diodes for use in n-channel

bridge configurations

¢ Industry standard TO-220AB package

Benefits

* Generation -4 IGBT's offer highest efficiencies
available

* IGBTs optimized for specific application conditions

* HEXFRED diodes optimized for performance with
IGBTs . Minimized recovery characteristics require
less/no snubbing

* Designed to be a "drop-in" replacement for equivalent
industry-standard Generation 3 IR IGBTs

Absolute Maximum Ratings

Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 \Y
lc @ Tc =25°C Continuous Collector Current 23

Ilc @ Tc =100°C Continuous Collector Current 12

lom Pulsed Collector Current ® 92 A
Im Clamped Inductive Load Current @ 92

IF @ Tc =100°C Diode Continuous Forward Current 12

Iem Diode Maximum Forward Current 92

VGE Gate-to-Emitter Voltage +20 \'%
Pp @ Tc =25°C Maximum Power Dissipation 100 W
Pp @ Tc =100°C | Maximum Power Dissipation 42

Ty Operating Junction and -55 to +150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

ReJc Junction-to-Case-IGBT | == | emee- 1.2

ReJc Junction-to-Case - Diode | - [ emeee- 2.5 °C/W
Recs Case-to-Sink, flat, greased surface |  ------ 050 | ------

Reua Junction-to-Ambient, typical socket mount | = - | = - 80

Wt Weight [ e 2(0.07) | = - g (0z)
www.irf.com 1
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International

IRG4BC30UD IGR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage®] 600 | ---- | ---- \' Vge = 0V, Ic = 250pA
AV (Br)ces/AT,) Temperature Coeff. of Breakdown Voltage| ---- [0.63 | ---- [ V/°C | Vge =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | ---- [1.95 | 2.1 Ilc =12A Vge = 15V
---- |2.52 | ---- \' lc =23A See Fig. 2,5
---- [2.09 | ---- Ic=12A, Ty =150°C
VGE(th) Gate Threshold Voltage 30 | - [6.0 Vce = VaE, Ic = 250pA
AVGE(th/ATy| Temperature Coeff. of Threshold Voltage| ---- [ -11 | - [mV/°C| VcE = VaE, Ic = 250pA
Ofe Forward Transconductance @ 3.1 186 |---- S Vce = 100V, Ic = 12A
Ices Zero Gate Voltage Collector Current - | ---- [ 250 | pA | Vge =0V, Vcg = 600V
---- | ---- 12500 Vge = 0V, Vce = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop - 114 | 1.7 \' Ilc=12A See Fig. 13
---- [ 1.3 1.6 Ic=12A, T, =150°C
lces Gate-to-Emitter Leakage Current ---- | ---- |£100| nA | Vgg = £20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
Qg Total Gate Charge (turn-on) ---- | 50 | 75 Ic=12A
Qge Gate - Emitter Charge (turn-on) - |81 | 12 nC | Vcc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) 18 27 Vge = 15V
td(on) Turn-On Delay Time ---- | 40 | ---- Ty=25°C
t, Rise Time ---- | 21 -—-- ns | Igc =12A, Vcc = 480V
ta(off) Turn-Off Delay Time ---- | 91 140 Vge = 15V, Rg = 23Q
t FallTime ---- |1 80 | 130 Energy losses include "tail" and
En Turn-On Switching Loss ---- [0.38 | ---- diode reverse recovery.
Eoit Turn-Off Switching Loss ---- [0.16 | ---- mJ | See Fig. 9, 10, 11,18
Es Total Switching Loss ---- [0.54 | 0.9
td(on) Turn-On Delay Time ---- | 40 | ---- Ty=150°C, See Fig. 9,10, 11,18
t, Rise Time - | 22 ] ---- ns | Igc =12A, Vcc = 480V
ta(off) Turn-Off Delay Time ---- 1120 | ---- Vge = 15V, Rg = 23Q
1 FallTime ---- 1180 | ---- Energy losses include "tail" and
Eis Total Switching Loss ---- 10.89 | ---- mJ | diode reverse recovery.
Le Internal Emitter Inductance - | 7.5 | - nH | Measured 5mm from package
Cies Input Capacitance ---- |1100 ] ---- Vge = OV
Coes Output Capacitance ---- | 73 | ---- pF | Vcc = 30V See Fig. 7
Cres Reverse Transfer Capacitance - | 14 ] ---- f =1.0MHz
tee Diode Reverse Recovery Time ---- | 42 60 ns | Ty=25°C See Fig.
- | 80 | 120 Ty=125°C 14 IF=12A
lr Diode Peak Reverse Recovery Current | ---- [ 3.5 | 6.0 A Ty=25°C See Fig.
---- | 5.6 | 10 Ty=125°C 15 VR = 200V
Qrr Diode Reverse Recovery Charge --- |1 80 [180 | nC | Ty;=25°C See Fig.
---- | 220 | 600 Ty=125°C 16 di/dt 200A/us
di(recym/dt Diode Peak Rate of Fall of Recovery ---- [ 180 | ---- | A/us| Ty=25°C See Fig.
During tp, ---- 1120 | ---- Ty=125°C 17
2 www.irf.com




SIEMENS

BUP 400D

IGBT With Antiparallel Diode
Preliminary data
b,
« Low forward voltage drop d,{ﬂf&:’j‘ >
« High switching speed < ;_:" fj;j:_:jf' VETIS |55
* Low tail current | ¥
* Latch-up free
* Including fast free-wheel diode
Pin 1 Pin 2 Pin 3
G C E
Type Vece |lc Package Ordering Code
BUP 400D 600V |22A |TO-220 AB Q67040-A4423-A2
Maximum Ratings
Parameter Symbol Values Unit
Collector-emitter voltage Ve 600 Vv
Collector-gate voltage VeGR
Rge = 20 kQ 600
Gate-emitter voltage VGE + 20
DC collector current Ic A
Tc=25°C 22
Tc=90°C 14
Pulsed collector current, f, =1 ms Icpuls
Tc=25°C 44
Tc=90°C 28
Diode forward current Ir
Tc=90°C 11
Pulsed diode current, f, =1 ms Irpuls
Tc=25°C 72
Power dissipation Piot W
Tc=25°C 100
Chip or operating temperature Tj -55...+150 |°C
Storage temperature Tstg -55 ...+ 150
Semiconductor Group Jul-31-1996



SIEMENS BUP 400D
Maximum Ratings
Parameter Symbol Values Unit
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150 /56
Thermal Resistance
Thermal resistance, chip case Rinic <1.25 K/W
Diode thermal resistance, chip case Rinico <25
Electrical Characteristics, at T; = 25 °C, unless otherwise specified
Parameter Symbol Values Unit
min. typ. max.
Static Characteristics
Gate threshold voltage VGE(th) Vv
Ve = VcE, Ic = 0.35 mA 4.5 55 6.5
Collector-emitter saturation voltage VCE(sat)
Vee=15V, Ic=10A, Tj=25°C - 2.1 2.7
Vee=15V, Ic=10A, Tj=125°C - 2.2 2.8
Vee=15V,Ic=20A, Tj=25°C - 3 -
Vee=15V, Ic =20 A, Tj=125°C - 3.3 -
Zero gate voltage collector current IcEs WA
Vce =600V, Vge =0V, Tj=25°C - - 160
Gate-emitter leakage current Icges nA
Vee=25V, V=0V - - 100
AC Characteristics
Transconductance [or S
Vce=20V, Ic=10A 2 - -
Input capacitance Ciss pF
Vce=25V, Vge=0V, f=1MHz - 570 760
Output capacitance Coss
Vce=25V, Vge=0V, f=1MHz - 80 120
Reverse transfer capacitance Crss
Vce=25V, Vge=0V, f=1MHz - 50 75
Semiconductor Group 2 Jul-31-1996



SIEMENS

BUP 400D

Electrical Characteristics, at Tj = 25 °C, unless otherwise specified

Parameter

Symbol

Values

Unit

min.

typ.

max.

Switching Characteristics, Inductive Load at Ti =125°C

Turn-on delay time
Ve =300V, Vge=15V,Ic=10A

fa(on)

45

70

ns

Rise time
Ve =300V, Vge=15V, Ic=10A

60

90

Turn-off delay time
Vo =300V, Vge=-15V, [c=10A
Rgoss = 100 Q

250

340

Fall time
Voc =300V, Vge=-15V,I[c=10A
Rgos = 100 Q

500

680

Free-Wheel Diode

Diode forward voltage
[F=10A, Vge=0V, Tj=25°C
[F=10A, Vge=0V, T;=125°C

1.65

Reverse recovery time

IF=10A, Vg=-300V, Vge=0V
dip/at = -100 A/us

T;=25°C

Tj=125°C

60
100

100
150

ns

Reverse recovery charge
IF=10A, Vg =-300V, Vge =0V
dig/at = -100 A/us

Tj=25°C

T;=125°C

0.2
0.4

0.37
0.74

Semiconductor Group

Jul-31-1996



SIEMENS

BUP 314

IGBT

Preliminary data

* Low forward voltage drop
* High switching speed

* Low tail current

* Latch-up free

* Avalanche rated

Pin 1 Pin 2 Pin 3

G C E

Type Vee |Ic Package Ordering Code
BUP 314 1200V [52A |TO-218 AB Q67040-A4206-A2
Maximum Ratings

Parameter Symbol Values Unit
Collector-emitter voltage VcE 1200 Vv
Collector-gate voltage VeeRr

Rge = 20 kQ 1200
Gate-emitter voltage VGE + 20

DC collector current Ic A
Tc=25°C 52

Tc=90°C 33

Pulsed collector current, f, =1 ms Icpuls

Tc=25°C 104

Tc=90°C 66

Avalanche energy, single pulse Eas mdJ
Ic=25A, Voc=50V, Rge =25 Q

L =200 pH, T; =25 °C 65

Power dissipation Piot W
Tc=25°C 300

Chip or operating temperature Ti -55...+150 |°C
Storage temperature Tstg -55 ... + 150
Semiconductor Group Jul-30-1996



SIEMENS BUP 314
Maximum Ratings

Parameter Symbol Values Unit
DIN humidity category, DIN 40 040 - E -
IEC climatic category, DIN IEC 68-1 - 55/150 /56
Thermal Resistance

Thermal resistance, chip case Rinic <0.42 K/W
Electrical Characteristics, at TJ- = 25 °C, unless otherwise specified

Parameter Symbol Values Unit

min. typ. max.

Static Characteristics

Gate threshold voltage VGE(th) Vv
VGe = VGE, Ic = 0.35 mA 4.5 55 6.5
Collector-emitter saturation voltage VCE(sat)

Vee=15V, Ic=25A, Tj=25°C - 2.7 3.2
Vee=15V,Ic=25A,Tj=125°C - 3.3 3.9
Vee=15V, Ic=42A, Tj=25°C - 3.4 -

Vee=15V, Ic =42 A, Tj=125°C - 4.3 -

Zero gate voltage collector current IceEs mA
Vce=1200V, Vge =0V, Tj=25°C - - 0.25
Gate-emitter leakage current Iges nA
Vge=25V, Vge=0V - - 100

AC Characteristics

Transconductance Ois S
Vce=20V, Ic=25A 8.5 20 -

Input capacitance Ciss pF
Vce=25V, Vge=0V, f=1MHz - 1650 2200

Output capacitance Coss

Vce=25V, Vge=0V, f=1MHz - 250 380

Reverse transfer capacitance Crss

Vce=25V, Vge=0V, f=1MHz - 110 160
Semiconductor Group 2 Jul-30-1996



SIEMENS

BUP 314

Electrical Characteristics, at Tj = 25 °C, unless otherwise specified

Parameter

Symbol

Values

Unit

min.

typ.

max.

Switching Characteristics, Inductive Load at Ti =125°C

Turn-on delay time
Ve =600V, Vge=15V,Ic=25A

fa(on)

75

110

ns

Rise time
Vo =600V, Vge=15V,I[c=25A

65

100

Turn-off delay time
Ve =600V, Vge=-15V, [c=25A
Rgoff = 47 Q

420

560

Fall time
Vog =600V, Vge=-15V, Ig =25 A
Rgoff = 47 Q

45

60

Semiconductor Group

Jul-30-1996
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Infineon

technologies

IGW40T120

TrenchStop Series

Low Loss IGBT in Trench and Fieldstop technology

e  Short circuit withstand time — 10us
e Designed for :
- Frequency Converters E
- Uninterrupted Power Supply
e Trench and Fieldstop technology for 1200 V applications offers : i
- very tight parameter distribution 5 ¢ E
- high ruggedness, temperature stable behavior O aAd)
e NPT technology offers easy parallel switching capability due to
positive temperature coefficient in Vega
e Low EMI
e Low Gate Charge
Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/

Type Ve Ic Ve sat), 1j=25°C T max Package Ordering Code
IGW40T120 1200V 40A 1.8V 150°C TO-247AC Q67040-S4519
Maximum Ratings

Parameter Symbol Value Unit
Collector-emitter voltage Vce 1200 V

DC collector current Ic A

Tc =25°C 75

Tc =100°C 40

Pulsed collector current, &, limited by Tjmax lcputs 105

Turn off safe operating area - 105

Ve < 1200V, T, < 150°C

Gate-emitter voltage Vee +20 \%
Short circuit withstand time" tsc 10 us

Ve = 15V, Ve <1200V, T, < 150°C

Power dissipation Piot 270 W

Tc =25°C

Operating junction temperature T; -40...+150 °C
Storage temperature Tstg -55...+150

Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 1 Preliminary / Rev. 1 Jul-02
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Infineon

technologies

TrenchStop Series

IGW40T120

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit
Characteristic
IGBT thermal resistance, Rinic 0.45 K/W
junction — case
Thermal resistance, Rihaa TO-247AC 40
junction — ambient
Electrical Characteristic, at 7; = 25 °C, unless otherwise specified
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(gr)ces | Vee=0V, lc=1.5mA | 1200 - - \Y
Collector-emitter saturation voltage Veesat)y | Vee = 15V, [c=40A
T;=25°C - 1.8 2.3
T;=125°C - 2.1 -
T,=150°C - 2.3 -
Gate-emitter threshold voltage Veeiny [lc=1.5mA, Vee=Vee 5.0 5.8 6.5
Zero gate voltage collector current Ices Vce=1200V, mA
Vge=0V
Tj=25°C - - 0.4
7;=150°C - - 4.0
Gate-emitter leakage current Ices Vee=0V, Vge=20V - - 600 |nA
Transconductance Ots Vce=20V, Ic=40A - 21 - S
Integrated gate resistor Rgint 6 Q

Power Semiconductors

Preliminary / Rev. 1 Jul-02
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Infineon

technologies

TrenchStop Series

IGW40T120

Dynamic Characteristic

Input capacitance Ciss Vce=25V, - 2500 - pF
Output capacitance Coss Vee=0V, - 130 -
Reverse transfer capacitance Crss f=1MHz - 110 -
Gate charge Qcate Vec=960V, Ic=40A - 203 - nC
VGE= 15V
Internal emitter inductance Le TO-247AC - - 13 nH
measured 5mm (0.197 in.) from case
Short circuit collector current” lesc) Vee=15V,tsc<10pus - 210 - |A
VCC = GOOV,
T = 25°C
Switching Characteristic, Inductive Load, at 7,=25 °C
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time facon) T,;=25°C, - 48 - ns
Rise time t, Vce=600V,/c=40A, . 34 R
. VGE=0/1 5V,
Turn-off delay time ta(off) Re=15Q - 480 -
Fall time t L,2’=180nH, - 70 -
2)_
Turn-on energy Eon C,/=39pF - 3.3 - mJ
Energy losses include
Turn-off energy Eo¢ “tail” and diode - 3.2 -
Total switching energy Eis reverse recovery. - 6.5 -
Switching Characteristic, Inductive Load, at =150 °C
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T,=150°C - 52 - ns
Rise time t, Vec=600V,/c=40A, | _ 40 -
. Vse=0/15V,
Turn-off delay time td(off) RG= 150 - 580 -
Fall time t L,2'=180nH, - 120 -
2)-
Turn-on energy Eon Co,=39pF - 5.0 - mJ
Energy losses include
Turn-off energy Eots “tail” and diode - 5.4 -
Total switching energy Eis reverse recovery. - 10.4 -

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

2 Leakage inductance L, and Stray capacity C,; due to dynamic test circuit in Figure E.

Power Semiconductors
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OT IGP30NG6OT
Infineon ronsofsoies |GW3ONGOT

Low Loss IGBT in TrenchStop® and Fieldstop technology

C
L4 Vel'y low VCE(sat) 1.5V (typ)
e Maximum Junction Temperature 175 °C
e  Short circuit withstand time — 5us S
e Designed for : E
- Frequency Converters
- Uninterruptible Power Supply TS
e TrenchStop® and Fieldstop technology for 600 V applications = LL// = =
offers : c® Xl
- very tight parameter distribution PG-T0-220-3-1 PG-T0-247-3
- high ruggedness, temperature stable behavior
- very high switching speed
e Positive temperature coefficient in Vcesar
e LowEMI
e Low Gate Charge
e Qualified according to JEDEC' for target applications
e Pb-free lead plating; RoHS compliant
e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/
Type Vce Ic Veegsay, rji=25:c | Timax | Marking Code Package
IGP30N60T 600V | 30A 1.5V 175°C G30T60 PG-TO-220-3-1
IGW30N60T 600V | 30A 1.5V 175°C G30T60 PG-TO-247-3
Maximum Ratings
Parameter Symbol Value Unit
Collector-emitter voltage Vce 600 V
DC collector current, limited by Tjmax Ic A
Tc = 25°C 60
Tc =100°C 30
Pulsed collector current, t, limited by Tjmax lcpuls 90
Turn off safe operating area (Vcg < 600V, T, < 175°C) - 90
Gate-emitter voltage Ve +20 \Y
Short circuit withstand time? tsc 5 us
VGE = 15V, Vccﬁ 400V, TJ <150°C
Power dissipation T = 25°C Piot 187 w
Operating junction temperature T -40...+175 °C
Storage temperature Tstg -55...+175
Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260

' J-STD-020 and JESD-022
2 Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 1 Rev. 2.6 Nov. 09



Infineon

IGP30NGOT

TrenchStop®Series I GW3O N 6OT
Thermal Resistance
Parameter Symbol Conditions Max. Value Unit
Characteristic
IGBT thermal resistance, Rinc 0.80 K/W
junction — case
Thermal resistance, RinJa PG-TO-220-3-1 62
junction — ambient PG-TO-247-3-21 40
Electrical Characteristic, at T, = 25 °C, unless otherwise specified
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(gr)ces | Vee=0V, /c=0.2mA 600 - - \Y
Collector-emitter saturation voltage Vcesaty | Vee = 15V, [c=30A
T;=25°C - 1.5 2.05
T;=175°C - 1.9 -
Gate-emitter threshold voltage Veen) |/c=0.43mA, 4.1 4.9 5.7
Vcee=Vee
Zero gate voltage collector current lces Vce=600V, MA
Vee=0V
T;=25°C . . 40
T=175°C - - 1000
Gate-emitter leakage current Iges Vee=0V, Vge=20V - - 100 nA
Transconductance Jss Vce=20V, Ic=30A - 16.7 - S
Integrated gate resistor Rgint - Q
Dynamic Characteristic
Input capacitance Ciss Vce=25V, - 1630 - pF
Output capacitance Coss Vee=0V, - 108 -
Reverse transfer capacitance Crss f=1MHz - 50 -
Gate charge Qgate Vce=480V, [c=30A - 167 - nC
Vege=15V
Internal emitter inductance Le PG-TO-220-3-1 - 7 - nH
measured 5mm (0.197 in.) from case PG-TO-247-3-21 - 13 -
Short circuit collector current” le(sc) Vee=15V,tsc<5us - 275 - |A
Vce = 400V,
T, = 150°C

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors
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Infineon

TrenchStop®Series

IGP30NGOT
IGW30NGOT

Switching Characteristic, Inductive Load, at 7;=25 °C

. Value )

Parameter Symbol Conditions - Unit
min. ‘ Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=25°C, - 23 - ns
Rise time t, Vce=400V,/c=30A, - 21 -
- Vee=0/15V,
Turn-off delay time td(off) Rs=10.6 Q - 254 -
Fall time t; L,"=136nH, - 46 -
1)
Turn-on energy E., C, '=39pF - 0.69 - mJ
Energy losses include

Turn-off energy E ¢t “tail” and diode - 0.77 -
Total switching energy Eis reverse recovery. > - 1.46 _
Switching Characteristic, Inductive Load, at =175 °C

. Value .
Parameter Symbol Conditions - Unit

min. ‘ Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T,=175°C, - 24 - ns
Rise time t, Vec=400V,/c=30A, | _ 26 -
. VGE=O/1 5V,
Turn-off delay time ta(off) Rs= 10.6 Q - 292 -
Fall time t; L,"”=136nH, - 20 -
1)
Turn-on energy Eon Co,'=39pF - 1.0 - mJ
Energy losses include

Turn-off energy Eoss “tail” and diode - 1.1 -
Total switching energy Eis reverse recovery.”) - 2.1 -

R Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.
? Includes Reverse Recovery Losses from IKW30N60T due to dynamic test circuit in Figure E.

Power Semiconductors
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imeon IGP15N60T

TrenchStop® Series

Low Loss IGBT in TrenchStop® and Fieldstop technology

c
e Verylow Vigsay 1.5V (typ.)
e Maximum Junction Temperature 175 °C
e  Short circuit withstand time — 5us
. G
e Designed for: E
- Frequency Converters
- Uninterrupted Power Supply
. TrenchStop® and Fieldstop technology for 600 V applications
offers : i
- very tight parameter distribution
- high ruggedness, temperature stable behavior PG.T0.220.3.1
- very high switching speed
e Positive temperature coefficient in Vegsay
e LowEMI
e Pb-free lead plating; RoHS compliant
¢ Qualified according to JEDEC' for target applications
e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/
Type Vce Ic Veegsay, rj=25oc | Tjmax | Marking Code Package
IGP15N60T 600V | 15A 1.5V 175°C G15T60 PG-TO-220-3-1
Maximum Ratings
Parameter Symbol Value Unit
Collector-emitter voltage Vce 600 \Y
DC collector current, limited by Tjmax Ic A
Tc =25°C 30
Tc =100°C 15
Pulsed collector current, t, limited by Tjmax Icpuls 45
Turn off safe operating area (Ve < 600V, T < 175°C) - 45
Gate-emitter voltage Vee +20 \
Short circuit withstand time? tsc 5 us
Ve = 15V, V<400V, T;<150°C
Power dissipation T¢ = 25°C Piot 130 w
Operating junction temperature T; -40...+175 °C
Storage temperature Tstg -55...+175
Soldering temperature 260
wavesoldering, 1.6 mm (0.063 in.) from case for 10s
! J-STD-020 and JESD-022
2 Allowed number of short circuits: <1000; time between short circuits: >1s.
Power Semiconductors 1 Rev. 2.1 June 06



imeon IGP15N60T

TrenchStop® Series

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit

Characteristic

IGBT thermal resistance, Rinic 1.15 KW
junction — case

Thermal resistance, Riha 62
junction — ambient

Electrical Characteristic, at T = 25 °C, unless otherwise specified

Parameter Symbol Conditions Value Unit
min. | Typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(gr)ces | Vee=0V, /c=0.2mA | 600 - - \
Collector-emitter saturation voltage Vcesaty | Vee = 15V, Ic=15A
T;=25°C - 1.5 2.05
T;=175°C - 1.9 -
Gate-emitter threshold voltage Veewny [1c=210pA,Vce=Vee 4.1 4.9 5.7
Zero gate voltage collector current lces Vce=600V, MA
Vee=0V
Tj=25°C - - 40
T;=175°C - - 1000
Gate-emitter leakage current IgEs Vce=0V,Vge=20V - - 100 |nA
Transconductance Jss Vce=20V, Ic=15A - 8.7 - S
Integrated gate resistor RaGint - Q
Dynamic Characteristic
Input capacitance Ciss Vce=25V, - 860 - pF
Output capacitance Coss Vee=0V, - 55 -
Reverse transfer capacitance Crss f=1MHz - 24 -
Gate charge Qaate Vcc=480V, Ic=15A - 87 - nC
Vege=15V
Internal emitter inductance Le - 7 - nH
measured 5mm (0.197 in.) from case
Short circuit collector current” le(sc) Vee=15V, tsc<5us - 137.5 - |A
Vcee = 400V,
T; = 150°C

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 2 Rev. 2.1 June 06



imeon IGP15N60T

TrenchStop® Series

Switching Characteristic, Inductive Load, at 7,=25 °C

i Value .
Parameter Symbol Conditions - Unit
min. | Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T,=25°C, - 17 - ns
Rise time t, Vec=400V,/c=15A, - 11 -
. Vge=0 /15V,

Turn-off delay time td(off) RG =15Q, - 188 -
Fall time t; L,"”=154nH, - 50 -

1)
Turn-on energy Eon C, '=39pF . - 0.22 - mJ

Energy losses include
Turn-off energy E “tail” and diode - 0.35 -
Total switching energy Eis reverse recovery. - 0.57 -
Switching Characteristic, Inductive Load, at =175 °C
. Value )
Parameter Symbol Conditions - Unit
min. | Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T,=175°C, - 17 - ns
Rise time t, Vec=400V,/c=15A, - 15 -
. VGE= 0/1 5V,

Turn-off delay time ta(oth) Re= 15 Q - 212 -
Fall ime t; L,"”=154nH, - 79 -

1)_
Turn-on energy Eon C, '=39pF . - 0.34 - mJ

Energy losses include

Turn-off energy Eoi “tail” and diode - 047 -
Total switching energy Eis reverse recovery. - 0.81 -

R Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.

Power Semiconductors 3 Rev. 2.1 June 06



intersil HGTP10N40C1D, HGTP10N40E1D,
HGTP10N50C1D, HGTP10N50E1D

10A, 400V and 500V N-Channel IGBTs

April 1995 with Anti-Parallel Ultrafast Diodes
Features Package
« 10A, 400V and 500V JEDEC TO-220AB
+ Vcgon): 2.5V Max. EMITTER

COLLECTOR

. TFALL: 1us, 05}&5 GATE

- Low On-State Voltage

« Fast Switching Speeds &?_IRIN%CE-I;OR

- High Input Impedance
« Anti-Parallel Diode

Applications

« Power Supplies Terminal Diagram
» Motor Drives

N-CHANNEL ENHANCEMENT MODE
« Protective Circuits

Description

The HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D,
and HGTP10ON50E1D are n-channel enhancement-mode
insulated gate bipolar transistors (IGBTs) designed for high
voltage, low on-dissipation applications such as switching reg-
ulators and motor drivers. They feature a discrete anti-parallel
diode that shunts current around the IGBT in the reverse
direction without introducing carriers into the depletion region.
These types can be operated directly from low power inte-
grated circuits.

PACKAGING AVAILABILITY

PART NUMBER PACKAGE BRAND
HGTP10N40C1D TO-220AB 10N40C1D
HGTP10N40E1D TO-220AB 10N40E1D
HGTP10N50C1D TO-220AB 10N50C1D
HGTP10N50E1D TO-220AB 10N50E1D

NOTE: When ordering, use the entire part number.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTP10N40C1D HGTP10N50C1D
HGTP10N40E1D HGTP10N50E1D UNITS

Collector-Emitter Voltage . . .. ......... .. ... .. .. Vces 400 500 \
Collector-Gate Voltage Rge =1MQ . ... ........ ... ... o .. VeaRr 400 500 \Y
Gate-Emitter Voltage . .......... ... ... .. ... .. Ve +20 20 \
Collector Current Continuous at T =+25°C ......................... Igos 17.5 17.5 A
atTe=+90°C ... lcoo 10 10
Power Dissipation Total at T =+25°C .. ... ..ot Pp 75 75 W
Power Dissipation Derating Tg > +25°C . ... ... 0.6 0.6 w/°C
Operating and Storage Junction Temperature Range . . ............. Ty, Tsta -55to +150 -55to +150 °C
CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures. File Number 2405_5

http://www.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 19993 20



Specifications HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTP10N40C1D, HGTP10N50C1D,
HGTP10N40E1D HGTP10N50E1D
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNITS
Collector-Emitter Breakdown Voltage BVces lc=1mA,Vge =0 400 - 500 - \%
Gate Threshold Voltage VGE(TH) VGE = VCE' IC =1mA 2.0 4.5 2.0 4.5 \
Zero Gate Voltage Collector Current Ices Vce = 400V, T = +25°C - 250 - - uA
Vge = 500V, T = +25°C - - - 250 HA
Ve = 400V, T = +125°C - 1000 - - pA
Vce = 500V, T = +125°C - - - 1000 uA
Gate-Emitter Leakage Current lges Vge =20V, Ve =0 - 100 - 100 nA
Collector-Emitter On Voltage Vceon) |lc=10A, Vge =10V - 25 - 25 \
Ic =17.5A, Vgg = 20V - 3.2 - 3.2 \%
Gate-Emitter Plateau Voltage Vaep g =5A, Vgg = 10V - 6 (Typ) - 6 (Typ) \
On-State Gate Charge Qgon) Ic =5A, Ve =10V - 19 (Typ) - 19 (Typ) nC
Turn-On Delay Time toony! Ic =10A, VegcLp) = 300V, - 50 - 50 ns
L = 50uH, T, = +100°C,
Rise Time tRi Vge = 10V, Rg = 50Q - 50 - 50 ns
Turn-Off Delay Time tooFF) - 400 - 400 ns
Fall Time tr)
40E1D, 50E1D 680 (Typ) 1000 680 (Typ) 1000 ns
40C1D, 50C1D 400 (Typ) 500 400 (Typ) 500 ns
Turn-Off Energy Loss per Cycle (Off Worr Ic =10A, VegcLp) = 300V,
Switching Dissipation = L = 50uH, T, = +100°C,
WOFF X Frequency) VGE = 1OV, RG =50Q
40E1D, 50E1D 1810 (Typ) wd
40C1D, 50C1D 1070 (Typ) ud
Thermal Resistance Junction-to-Case Redc - 1.67 - 1.67 °C/W
Diode Forward Voltage Vee lgc = 10A - 2 - 2 \'
Diode Reverse Recovery Time tRR lec = 10A, di/dt = 100A/us - 100 - 100 ns
INTERSIL CORPORATION IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

3-21
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FAIRCHILD
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SEMICONDUCTOR®

HGTP7N60C3D, HGT1S7N60C3DS, HGT1S7N60C3D
14A, 600V, UFS Series N-Channel IGBT with Anti-Parallel Hyperfast Diodes

General Description

The HGTP7N60C3D, HGT1S7N60C3DS and
HGT1S7N60C3D are MOS gated high voltage switching
devices combining the best features of MOSFETs and
bipolar transistors. These devices have the high input
impedance of a MOSFET and the low on-state conduction
loss of a bipolar transistor. The much lower on-state voltage
drop varies only moderately between 25°C and 150°C. The
IGBT used is developmental type TA49115. The diode
used in anti-parallel with the IGBT is developmental type
TA49057.

The IGBT is ideal for many high voltage switching
applications operating at moderate frequencies where low
conduction losses are essential, such as: AC and DC motor
controls, power supplies and drivers for solenoids, relays
and contactors.

Formerly Developmental Type TA49121.

September 2005

Features

B 4A, 600V at T = 25°C

B 600V Switching SOA Capability

m Typical Fall Time................... 140ns at T, = 150°C
B Short Circuit Rating

B | ow Conduction Loss

B Hyperfast Anti-Parallel Diode

JEDEC TO-220AB
COLLECTOR (FLANGE)

Y\ EMITTER GATE COLLECTOR
= — Flance)
//- COLLECTOR EMITTER
GATE
JEDEC TO-262 (o3
EMITTER COLLECTOR
! GATE G
COLLECTOR __—W T
(FLANGE) e

FAIRCHILD SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,587,713
4,598,461 4,605,948 4,620,211 4,631,564 4,639,754 4,639,762 4,641,162 4,644,637
4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 4,794,432 4,801,986
4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 4,860,080 4,883,767
4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 4,969,027

JEDEC TO-263AB

www.fairchildsemi.com
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Absolute Maximum Ratings 1, = 25°C unless otherwise noted

Symbol Parameter Ratings Units
BVcEs Collector to Emitter Voltage 600 \
lcos Collector Current Continuous At T¢ = 25°C 14 A
lc110 Collector Current Continuous At T = 110°C 7 A
I(AVG) Average Diode Forward Current at 110°C 8 A
lem Collector Current Pulsed (Note 1) 56 A
VGEs Gate to Emitter Voltage Continuous +20 Vv
VGem Gate to Emitter Voltage Pulsed +30 \
SSOA Switching Safe Operating Area at T; = 150°C (Figure 14) 40A at 480V
P Power Dissipation Total at T = 25°C 60 W

D Power Dissipation Derating Tg > 25°C 0.487 W/°C
Ty, Tsta Operating and Storage Junction Temperature Range -40 to 150 °C
T Maximum Lead Temperature for Soldering 260 °C
¢ Short Circuit Withstand Time (Note 2) at Vgg = 15V 1 us
sC Short Circuit Withstand Time (Note 2) at Vg = 10V 8 us

implied.

NOTES:

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only
rating and operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not

1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Veg(pk) = 360V, T, = 125°C, Rg = 50W.

Thermal Characteristics

R Thermal Resistance IGBT 2.1 °C/wW
0JC Thermal Resistance Diode 2.0 °Cc/w
Package Marking and Ordering Information
Part Number Package Brand
HGTP7N60C3D TO-220AB G7N60C3D
HGT1S7N60C3DS TO-263AB G7N60C3D
HGT1S7N60C3D TO-262 G7N60C3D

NOTES:When ordering, use the entire part number. Add the suffix 9A to obtain the TO-263AB variant in tape and reel, i.e. HGT1S7N60C3DS9A.

HGTP7N60C3D, HGT1S7N60C3DS, HGT1S7N60C3D

Rev. B

www.fairchildsemi.com
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Electrical Characteristics T, = 25°C unless otherwise noted

| Symbol | Parameter Test Conditions | Min | Typ | Max | Units |
Off Characteristics
BVces Collector to Emitter Breakdown Voltage |Ig = 250puA, Vge = 0V 600 - - \
= = 0,
IcEs Collector to Emitter Leakage Current xCE C ngES‘ $C C fgofc - - 2258 ;’:
CE=DbBVces: Ic= .
lgEs Gate-Emitter Leakage Current Vg = 25V - - +250 nA
= Tc =25°C - 1.6 2.0 \%
Vcesar)  |Collector to Emitter Saturation Voltage {;3 ICTQ\’/ TC 150°C 5 52 v
GE = c= - . .
On Characteristics
Ve |Gate-Emitter Threshold Voltage k= 225500@’ Voe = Ver 30 | 50 | 60
c=
TJ = 150°C, VCE(PK) = 480V 40 - - A
T Rg = 50Q
SSOA Switching SOA G ’
9 Ve =15V, VCE(F’K) =600V 60 - - A
L=1mH
Vgep Gate to Emitter Plateau Voltage Ic =lc110, Voe = 0.5 BVgEs - 8 - \
Switching Characteristics
taonyl Current Turn-On Delay Time T, =150°C - 8.5 - ns
ty Current Rise Time | y = - 11.5 - ns
r ce =lc110
taoFF)! Current Turn-Off Delay Time Vee(pk) = 0.8 BVces - 350 400 ns
ty Current Fall Time Vgg = 15V - 140 275 ns
Eon Turn-On Energy EG = 5?_? - 165 - wJ
Eorr Turn-Off Energy (Note 3) =1m - 600 - nd
Ic =1 Vge = 15V - 23 30 nC
Q On-State Gate Charge ¢ = cuio
G(ON) 9 Vg = 0.5 BVges [Vge = 20V ] - 30 38 nC
Drain-Source Diode Characteristics and Maximum Ratings
Vec Diode Forward Voltage lec=7A - 1.9 2.5 \
. . lgc = 7A, dlgc/dt = 200A/us - 25 37 ns
ter Diode Reverse Recovery Time
lgc = 1A, dlgc/dt = 200A/us - 18 30 ns
NOTES:

3.Turn-Off Energy Loss (Eppg) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A). The HGTP7N60C3D and HGT1S7N60C3DS were tested per JEDEC
standard No. 24-1 Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off
Energy Loss. Turn-On losses include diode losses.

3 www.fairchildsemi.com
HGTP7N60C3D, HGT1S7N60C3DS, HGT1S7N60C3D
Rev. B
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International
TGR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

Features

o Short Circuit Rated UltraFast: Optimized for high
operating frequencies >5.0 kHz, and Short Circuit Rated
to 10us @125°C, Vg = 15V

o Generation 4 IGBT design provides tighter parameter
distribution and higher efficiency than Generation 3

@ IGBT co-packaged with HEXFRED™ ultrafast,

PD -91582B

IRG4PC50KD

Short Circuit Rated
UltraFast IGBT

Vces = 600V

(@VgE =15V, Ic = 30A

E

ultra-soft recovery anti-parallel diodes for use in n-channel
bridge configurations
® Industry standard TO-247AC package
Benefits
o Generation 4 IGBTSs offer highest efficiencies available
o HEXFRED diodes optimized for performance with IGBTs. 4
Minimized recovery characteristics require less/no snubbing 2 §
o Designed to be a "drop-in" replacement for equivalent ¥ o
mdustry-standarij Generatlon-3 IR IGBTs TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \'
lc @ T¢c =25°C Continuous Collector Current 52
lc @ Tc =100°C | Continuous Collector Current 30
lom Pulsed Collector Current ® 104 A
ILm Clamped Inductive Load Current ® 104
IF@ Tc =100°C Diode Continuous Forward Current 25
1=V Diode Maximum Forward Current 280
tsc Short Circuit Withstand Time 10 us
VGE Gate-to-Emitter Voltage + 20 V
Pp @ Tg = 25°C Maximum Power Dissipation 200 W
Pp @ Tc = 100°C | Maximum Power Dissipation 78
Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units
Rqc Junction-to-Case - IGBT — — 0.64
Rqic Junction-to-Case - Diode — — 0.83 °C/W
Rgcs Case-to-Sink, flat, greased surface — 0.24 —
Rqia Junction-to-Ambient, typical socket mount — — 40
Wi Weight — 6 (0.21) — g (0z)
www.irf.com 1

12/3/98



IRG4PC50KD

International

TSR Rectifier
Electrical Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage ® | 600 | — — \' Vge = 0V, Ic = 250pA
DV@eryces/DTy | Temperature Coeff. of Breakdown Voltage | — | 0.47| — | V/°C | Vge =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage — [ 1.84| 22 Ic = 30A Vge = 15V
— | 219 — \ Ic =52A see figures 2, 5
— [ 1.79| — Ic = 25A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 VcE = VGE, Ic = 250pA
DVge@hy/DTy | Temperature Coeff. of Threshold Voltage — | -12 | — |mV/°C| Vce = VaE, Ic = 250pA
Jfe Forward Transconductance @ 17 | 24 — S Vce = 100V, Ig = 30A
lces Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vce = 600V
— | — |6500 Ve = 0V, Vce = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop — (1.3 | 1.7 \' Ic = 25A see figure 13
— | 12|15 Ic = 25A, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |£100| nA | Vgg = +20V
Switching Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. [ Max.| Units Conditions
Qq Total Gate Charge (turn-on) — | 200 | 300 Ic = 30A
Qge Gate - Emitter Charge (turn-on) — | 25 | 38 nC | Vgc =400V see figure 8
Qqc Gate - Collector Charge (turn-on) — | 85 | 127 Vge = 15V
td(on) Turn-On Delay Time — 63 —
tr Rise Time — | 49 — ns Ty=25°C
td(offy Turn-Off Delay Time — | 150 | 220 Ic = 30A, Ve = 480V
t Fall Time — | 95 | 140 Vge = 15V, Rg = 5.0w
Eon Turn-On Switching Loss — |[1.61]| — Energy losses include "tail"
Eoft Turn-Off Switching Loss — (0.84| — mdJ | and diode reverse recovery
Eis Total Switching Loss — |2.45| 3.0see figures 9,10,18
tsc Short Circuit Withstand Time 10 | — — pus | Vec =360V, Ty=125°C
Vge = 15V, Rg = 10w , Vcpk < 500V
td(on) Turn-On Delay Time — | 61 — Ty =150°C, see figures 11,18
tr Rise Time — | 46 | — ns Ic = 30A, Ve = 480V
td(off) Turn-Off Delay Time — 310 | — Vge = 15V, Rg = 5.0w
1 Fall Time — [170 | — Energy losses include "tail"
Eis Total Switching Loss — 353 — mdJ | and diode reverse recovery
Le Internal Emitter Inductance — | 13 | — nH | Measured 5mm from package
Cies Input Capacitance — (3200 — Vge = 0V
Coes Output Capacitance — | 370 | — pF | Vcc =30V see figure 7
Cres Reverse Transfer Capacitance — | 95 — f =1.0MHz
tr Diode Reverse Recovery Time — | 50 | 75 ns | Ty=25°C see figure
— | 105 | 160 Ty=125°C 14 I = 25A
ler Diode Peak Reverse Recovery Current | — | 45 | 10 A | Ty=25°C see figure
— | 80| 15 Ty=125°C 15 VR = 200V
Qr Diode Reverse Recovery Charge — [ 112|375 | nC | Ty =25°C see figure
— | 420 [1200 Ty=125°C 16 di/dt 200A/us
di(recym/dt Diode Peak Rate of Fall of Recovery — |250 | — | A/us | Ty=25°C see figure
During tp — 160 | — Ty=125°C 17

www.irf.com



International
IR Rectifier

PD 9.1467D

IRG4PC40UD

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

UltraFast CoPack IGBT

Features

« UltraFast: Optimized for high operating
frequencies 8-40 kHz in hard switching, >200
kHz in resonant mode

» Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency than
Generation 3

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in

n-channel

E

Vces = 600V

@Vge =15V, Ic =20A

bridge configurations

* Industry standard TO-247AC package

Benefits

» Generation -4 IGBT's offer highest efficiencies
available

+ IGBT's optimized for specific application conditions

« HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require

less/no snubbing
« Designed to be a "drop-in" replacement for equivalent

industry-standard Generation 3 IR IGBT's T0-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 Vv
lc @ Tg = 25°C Continuous Collector Current 40

Ic @ Tc = 100°C | Continuous Collector Current 20

lcm Pulsed Collector Current ® 160 A
ILm Clamped Inductive Load Current @ 160

Ir@ Tg = 100°C Diode Continuous Forward Current 15

lem Diode Maximum Forward Current 160

Vae Gate-to-Emitter Voltage +20 V
Pp @ T¢ = 25°C Maximum Power Dissipation 160 W
Pp @ Tc = 100°C | Maximum Power Dissipation 65

Ty Operating Junction and -55 to +150

TstG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units

ReJc Junction-to-Case -IGBT | - | e 0.77

ReJc Junction-to-Case - Diode | e | aeeeee 1.7 °C/W
Recs Case-to-Sink, flat, greased surfface [ = - 024 | -

ReJa Junction-to-Ambient, typical socket mount | = - | = - 40

Wt Weight | e 6(021) | = - g (0z)

417/97
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IRG4PC40UD IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage®| 600 | ---- -- V Vge = 0V, Ic = 250pA
AV(@Rr)ces/AT,)| Temperature Coeff. of Breakdown Voltage - 10.63 | ---- [V/°C | Vge =0V, Ic = 1.0mA
VGE(on) Collector-to-Emitter Saturation Voltage - [1.72] 21 Ic = 20A Vge = 15V
- (2145 ] --- \" Ic = 40A See Fig. 2,5
— 1.7 - lc = 20A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30 | - | 6.0 Vce = Vg, Ic = 250pA
AVGE(th/ATy| Temperature Coeff. of Threshold Voltage| --- -13 | ---- mV/°C| VcE = VgE, Ic = 250pA
Ofe Forward Transconductance @ 11 18 | ---- S Vce = 100V, Ig = 20A
Ices Zero Gate Voltage Collector Current - | - 250 [ pA | Vge =0V, Vcg = 600V
---- 13500 Ve = 0V, Vge = 600V, T, = 150°C
VEm Diode Forward Voltage Drop — |13 [ 17 Vv Ic =15A See Fig. 13
- 112 |16 lc = 15A, Ty = 150°C
lges Gate-to-Emitter Leakage Current -- [x100| nA | Vge = 20V
Switching Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
Qg Total Gate Charge (turn-on) --- 1100 [ 150 Ic = 20A
Qge Gate - Emitter Charge (turn-on) - [ 16 | 25 nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) --- | 40 | 60 Vge = 15V
td(on) Turn-On Delay Time - | 54 | - Ty=25°C
tr Rise Time - | 57 | - ns | Igc=20A, Vcc = 480V
td(off) Turn-Off Delay Time -==- 110 | 165 Vge = 15V, Rg = 10Q
t Fall Time --- | 80 | 120 Energy losses include "tail" and
Eon Turn-On Switching Loss - [0.71 | ---- diode reverse recovery.
Eoff Turn-Off Switching Loss - [0.35 | ---- mJ | See Fig. 9, 10, 11,18
Eis Total Switching Loss - (110 1.5
td(on) Turn-On Delay Time - | 40 | ---- Ty=150°C, See Fig. 9, 10, 11,18
tr Rise Time - | 52 | ---- ns | Igc=20A, Vcc = 480V
td(off) Turn-Off Delay Time --== 200 === VGE = 15V, RG =10Q
t Fall Time --- | 130 | - Energy losses include "tail" and
Eis Total Switching Loss - 1.6 | - mJ | diode reverse recovery.
Le Internal Emitter Inductance - | 13 nH | Measured 5mm from package
Cies Input Capacitance ---- (2100 | --- Vge = 0V
Coes Output Capacitance - | 140 | - pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance - | 34 | - f=1.0MHz
ter Diode Reverse Recovery Time - | 42 | 60 ns | Ty=25°C See Fig.
74 [ 120 Ty=125°C 14 Ir=15A
ler Diode Peak Reverse Recovery Current | ---- | 4.0 | 6.0 A | Ty=25°C See Fig.
6.5 | 10 Ty=125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge - |1 80 |180 | nC | Ty=25°C See Fig.
-- 1220 | 600 Ty=125°C 16 di/dt 200A/us
direcym/dt Diode Peak Rate of Fall of Recovery 190 | - | Alus | Ty=25°C
During tp -- 1160 - Ty=125°C




International
IR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR

PD - 9.1585B

IRG4PC40K

Short Circuit Rated
UltraFast IGBT

Features

« Short Circuit Rated UltraFast: Optimized for high
operating frequencies >5.0 kHz , and Short Circuit
Rated to 10us @ 125°C, Vge = 15V

+ Generation 4 IGBT design provides higher efficiency
than Generation 3

* Industry standard TO-247AC package

C
Vces = 600V
VCE(on) typ. = 2.1V
E @Vge = 15V, Ig = 25A
n-channel

Benefits

 Generation 4 IGBTs offer highest efficiency available
+ IGBTSs optimized for specified application conditions

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 V
lc @ Tg = 25°C Continuous Collector Current 42

Ilc @ Tg = 100°C | Continuous Collector Current 25 A
lcm Pulsed Collector Current ® 84

ILm Clamped Inductive Load Current @ 84

tsc Short Circuit Withstand Time 10 us
Vae Gate-to-Emitter Voltage +20 \Y
EaRrv Reverse Voltage Avalanche Energy ® 15 mJ
Pp @ Tg =25°C Maximum Power Dissipation 160 w
Pp @ Tg = 100°C | Maximum Power Dissipation 65

Ty Operating Junction and -55 to +150

TstG Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1N+m)
Thermal Resistance
Parameter Typ. Max. Units

ReJc Junction-to-Case — 0.77

Recs Case-to-Sink, Flat, Greased Surface 0.24 — °C/W
ReJa Junction-to-Ambient, typical socket mount — 40

Wt Weight 6 (0.21) — g (0z)

4/15/2000
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International

IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. |Typ. [Max. | Units| Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage 600 | — — \% Vge =0V, I = 250pA
V(BRECS Emitter-to-Collector Breakdown Voltage @ | 18 — — \% Vge =0V, Ic=1.0A
AV@grices/ATy | Temperature Coeff. of Breakdown Voltage | — 046 | — | V/°C| Vge =0V, Ic = 1.0mA
— 210 | 26 Ic =25A Vge = 15V
VcE©nN) Collector-to-Emitter Saturation Voltage — |270 | — v Ic = 42A See Fig.2, 5
— 1214 | — Ic =25A, T, =150°C
VGE(th) Gate Threshold Voltage 30 | — | 6.0 Vce = VaE, Ic = 250pA
AVGE(h)/ATy | Temperature Coeff. of Threshold Voltage — | -18 mV/°C| Vce = VaE, Ic = 250pA
Ofe Forward Transconductance ® 70 | 14 | — S Vce= 100V, Igc = 25A
lces Zero Gate Voltage Collector Current — | — |250 HA Ve = 0V, Vce = 600V
— [ =120 Vae = 0V, Ve = 10V, Ty = 25°C
— | — [2000 Vage =0V, Vge = 600V, Ty = 150°C
laes Gate-to-Emitter Leakage Current — | — [#100 | nA | Vge =+20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. |Typ. |[Max.| Units Conditions

Qq Total Gate Charge (turn-on) — | 120 [ 180 Ic = 25A

Qqe Gate - Emitter Charge (turn-on) — | 16 | 24 nC | Vcc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — | 51 77 Vge = 15V

td(on) Turn-On Delay Time — | 30 | —

tr Rise Time — | 15 | — ns Ty=25°C

td(off) Turn-Off Delay Time — | 140 | 210 Ic = 25A, Vg = 480V

1t Fall Time — | 140 | 210 Vge = 15V, Rg = 10Q

Eon Turn-On Switching Loss — |0.62 | — Energy losses include "tail"
Eoff Turn-Off Switching Loss — 1033 | — mJ | See Fig. 9,10,14

Eis Total Switching Loss — 1095 | 1.4

tsc Short Circuit Withstand Time 10 | — | — pus | Vec =400V, Ty=125°C

Vge = 15V, Rg = 10Q , Vcpk < 500V

td(on) Turn-On Delay Time — [ 30 | — Ty =150°C,

tr Rise Time — 18 — Ic = 25A, Vg = 480V

taoff Turn-Off Delay Time — 190 [ — | " | Vge =15V, Rg = 10Q

t Fall Time — 150 | — Energy losses include "tail"
Eis Total Switching Loss — |19 | — mJ | See Fig. 11,14

Le Internal Emitter Inductance — | 18 | — nH | Measured 5mm from package
Cies Input Capacitance — |[1600 | — Vge = 0V

Coes Output Capacitance — |130 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 55 | — f =1.0MHz
Notes:

® Repetitive rating; Vge = 20V, pulse width limited by

max. junction temperature. ( See fig. 13b )

@ Vg =80%(Vees), Vae = 20V, L = 10pH, Rg = 102,

(See fig. 13a)

2

® Repetitive rating; pulse width limited by maximum
junction temperature.

@ Pulse width < 80us; duty factor < 0.1%.

® Pulse width 5.0yus, single shot.

www.irf.com
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IR Rectifier IRG4PC40FD

INSULATED GATE BIPOLAR TRANSISTOR WITH Fast CoPack IGBT

ULTRAFAST SOFT RECOVERY DIODE

Features ¢

« Fast: Optimized for medium operating II VcEes = 600V
N

frequencies ( 1-5 kHz in hard switching, >20
kHz in resonant mode).

 Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency than
Generation 3 c @VGe =15V, Ic=27A

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in n-channel
bridge configurations

* Industry standard TO-247AC package

Benefits

» Generation -4 IGBT's offer highest efficiencies
available

+ IGBT's optimized for specific application conditions

+ HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing

« Designed to be a "drop-in" replacement for equivalent
industry-standard Generation 3 IR IGBT's

Absolute Maximum Ratings

Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \%
lc@ Tg =25°C Continuous Collector Current 49
lc @ Tg =100°C Continuous Collector Current 27
lem Pulsed Collector Current ® 200 A
Im Clamped Inductive Load Current @ 200
Ir@ Tg =100°C Diode Continuous Forward Current 15
lem Diode Maximum Forward Current 200
Vae Gate-to-Emitter Voltage +20 \Y
Pp @ Tc =25°C Maximum Power Dissipation 160

Pp @ Tc =100°C | Maximum Power Dissipation 65

Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)

Thermal Resistance

TO-247AC

Parameter Min. Typ. Max. Units
ReJc Junction-to-Case-1IGBT [ —-eeem | e 0.77
ReJc Junction-to-Case - Diode [ -eee- | e 1.7 °C/W
Recs Case-to-Sink, flat, greased surfface | = - 024 | 0 -
ReJa Junction-to-Ambient, typical socket mount | = ----- | = ----- 40
Wit Weight | e 6(0.21) | = - g (0z)

www.irf.com 1
12/30/00
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IRG4PC40FD IR Rectifier
Electrical Characteristics @ T = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions

V(BR)CES Collector-to-Emitter Breakdown Voltage®| 600 | ---- | ---- \% Vge = 0V, Ic = 250pA

AVerices/ATy| Temperature Coeff. of Breakdown Voltage| ---- [0.70 | ---- [ V/°C | Vge =0V, Ic = 1.0mA

VGE(on) Collector-to-Emitter Saturation Voltage | ---- [1.50 | 1.7 Ic = 27A Vge = 15V
---- [1.85 | ---- \" Ic = 49A See Fig. 2,5
---- [1.56 | ---- Ic=27A, Ty =150°C

VGE(th) Gate Threshold Voltage 30 | - | 6.0 VcE = VGE, Ic = 250pA

AVGg(tny/ATy| Temperature Coeff. of Threshold Voltage| ---- [ -12 | ---- |mV/°C| VcE = VaE, Ic = 250pA

Ofe Forward Transconductance @ 92 | 12 | ---- S Vce = 100V, Ig = 27A

Ices Zero Gate Voltage Collector Current - | - 250 [ pMA | Vge =0V, Vcg = 600V
--- | ---- 13500 Vge = 0V, Vce = 600V, Ty = 150°C

VEm Diode Forward Voltage Drop -- [ 1.3 1.7 \" Ic =15A See Fig. 13
- 112 |16 Ic =15A, Ty = 150°C

lces Gate-to-Emitter Leakage Current --- | ---- |x100| nA | Vg = £20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. [ Max. Unitsl Conditions

Qq Total Gate Charge (turn-on) --- 1 100 | 150 Ic = 27A

Qge Gate - Emitter Charge (turn-on) - | 15| 23 nC | Vcgc =400V See Fig. 8

Qqc Gate - Collector Charge (turn-on) - | 35| 53 Vge = 15V

td(on) Turn-On Delay Time ---| 63 Ty=25°C

ty Rise Time --- | 32 | ---- ns | Igc =27A, Vgc = 480V

td(off) Turn-Off Delay Time --- 1 230 | 350 Vge = 15V, Rg = 10Q

1 Fall Time --- | 170 | 250 Energy losses include "tail" and

Eon Turn-On Switching Loss ---10.95] ---- diode reverse recovery.

Eo Turn-Off Switching Loss --- [ 2.01] ---- mJ | See Fig. 9, 10, 11,18

Eis Total Switching Loss ---- 1 2.96( 4.0

td(on) Turn-On Delay Time ---| 63 Ty=150°C, SeeFig.9,10,11,18

ty Rise Time ---| 33 | ---- ns | Igc =27A, Vgc = 480V

td(off) Turn-Off Delay Time --- | 350 | ---- Vge = 15V, Rg = 10Q

t FallTime ---1 310 | ---- Energy losses include "tail" and

Es Total Switching Loss ---| 47| ---- mJ | diode reverse recovery.

Le Internal Emitter Inductance - 13 | - nH | Measured 5mm from package

Cies Input Capacitance --- 12200| ---- Vge = 0V

Coes Output Capacitance --- | 140 | ---- pF | Vcc = 30V See Fig. 7

Cres Reverse Transfer Capacitance == 29 | ---- f=1.0MHz

trr Diode Reverse Recovery Time ---| 42 | 60 ns | Ty=25°C See Fig.
---| 74 | 120 Ty=125°C 14 Ir=15A

I Diode Peak Reverse Recovery Current | ---- | 4.0 | 6.0 A | Ty=25°C See Fig.
---1 65| 10 Ty=125°C 15 Vg = 200V

Qrnr Diode Reverse Recovery Charge ---| 80 | 180| nC | Ty=25°C See Fig.
---- | 220 | 600 Ty=125°C 16 di/dt 200A/us

direcyw/dt Diode Peak Rate of Fall of Recovery ---- | 188 | ---- [ A/us| Ty=25°C See Fig.

During tp ----| 160 | ---- Ty=125°C 17
2 www.irf.com
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IR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR

Features

+ Designed expressly for Switch-Mode Power
Supply and PFC (power factor correction)

applications

* Industry-benchmark switching losses improve
efficiency of all power supply topologies

* 50% reduction of Eoff parameter

* Low IGBT conduction losses

« Latest-generation IGBT design and construction offers
tighter parameters distribution, exceptional reliability

Benefits

PD - 91628A

IRG4PC30W

E
n-channel

Vces=600V

VCE(on) max. = 2.70V

@VGge=15V,Ic=12A

* Lower switching losses allow more cost-effective
operation than power MOSFETSs up to 150 kHz
("hard switched" mode)

« Of particular benefit to single-ended converters and
boost PFC topologies 150W and higher

 Low conduction losses and minimal minority-carrier
recombination make these an excellent option for
resonant mode switching as well (up to >>300 kHz)

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

VcEs Collector-to-Emitter Breakdown Voltage 600 Vv
lc@ Tg=25°C Continuous Collector Current 23

Ilc@ Tg =100°C Continuous Collector Current 12 A
lom Pulsed Collector Current © 92

ILm Clamped Inductive Load Current @ 92

Vae Gate-to-Emitter Voltage +20 V
Earv Reverse Voltage Avalanche Energy ® 180 mJ
Pp @ Tg = 25°C Maximum Power Dissipation 100 W
Pp @ Tc=100°C | Maximum Power Dissipation 42

Ty Operating Junction and -55 to + 150

Tstg Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (0.063 in. (1.6mm from case )
Mounting torque, 6-32 or M3 screw. 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. Max. Units

ReJc Junction-to-Case — 1.2

Recs Case-to-Sink, Flat, Greased Surface 0.24 —_— °C/W
Resa Junction-to-Ambient, typical socket mount — 40

Wit Weight 6 (0.21) — g (02)
www.irf.com 1
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IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. |Typ. [Max. | Units| Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage 600 | — | — Vv Vge =0V, I = 250pA
V(BRrjECS Emitter-to-Collector Breakdown Voltage @ | 18 | — | — Vv Vee =0V, Ic = 1.0A
AV@grices/ATy | Temperature Coeff. of Breakdown Voltage | — [0.34 | — | V/°C| Vge =0V, Ic = 1.0mA
— 21|27 Ic=12A Vee = 15V
VcE©nN) Collector-to-Emitter Saturation Voltage — |245 | — v Ic =23A See Fig.2, 5
— (195 | — lc =12A, T, =150°C
VGE(th) Gate Threshold Voltage 30 | — | 6.0 Vce = VaE, Ic = 250pA
AVGg(thyATy | Temperature Coeff. of Threshold Voltage — | -1 mV/°CG Vce = VaE, Ic = 250pA
Ofe Forward Transconductance ® 11 16 | — S | Vce=100V,Ic=12A
lces Zero Gate Voltage Collector Current — | — |2%0 HA Vae = 0V, Vce = 600V
— — | 20 Ve =0V, Vcg =10V, Ty = 25°C
— | — {1000 Ve = 0V, Vce = 600V, T, = 150°C
laes Gate-to-Emitter Leakage Current — | — [#100 | nA | Vge =+20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. |[Max.| Units Conditions
Qg Total Gate Charge (turn-on) — | 51 | 76 Ic =12A
Qqe Gate - Emitter Charge (turn-on) — | 76 | 11 nC | Vcc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — | 18 | 27 Vge = 15V
td(on) Turn-On Delay Time — | 25 —
tr Rise Time — | 16 | — ns Ty=25°C
td(off) Turn-Off Delay Time — | 99 [150 Ic = 12A, Ve = 480V
t Fall Time — | 67 [100 Vge = 15V, Rg = 23Q
Eon Turn-On Switching Loss — 013 | — Energy losses include "tail"
Eoft Turn-Off Switching Loss — (013 | — mdJ | See Fig. 10, 11, 13, 14
Eis Total Switching Loss — |10.26 |0.35
td(on) Turn-On Delay Time — | 24 — Ty =150°C,
tr Rise Time — | 17 | — ns Ic = 12A, Ve = 480V
taott) Turn-Off Delay Time — | 150 | — Vge = 15V, Rg = 23Q
1 Fall Time — [ 150 | — Energy losses include "tail"
Ets Total Switching Loss — |055 | — mJ | See Fig. 13, 14
Le Internal Emitter Inductance — | 18 | — nH | Measured 5mm from package
Cies Input Capacitance — 980 | — Vge = OV
Coes Output Capacitance — | 71 — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 18 | — f=1.0MHz

Notes:

® Repetitive rating; Vge = 20V, pulse width limited by
max. junction temperature. ( See fig. 13b )

®@ Ve =80%(Vees), Vae = 20V, L = 10pH, Rg = 23Q,
(See fig. 13a)

® Repetitive rating; pulse width limited by maximum
junction temperature.

2

@ Pulse width < 80us; duty factor < 0.1%.

® Pulse width 5.0ps, single shot.

www.irf.com
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IRG4PC30UD

UltraFast CoPack IGBT

International

IR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DIODE

Features ¢
« UltraFast: Optimized for high operating II
N

Vces = 600V
frequencies 8-40 kHz in hard switching, >200

kHz in resonant mode

 Generation 4 IGBT design provides tighter
parameter distribution and higher efficiency than
Generation 3

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use in
bridge configurations

* Industry standard TO-247AC package

Benefits

» Generation -4 IGBT's offer highest efficiencies
available

+ IGBT's optimized for specific application conditions

+ HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing

« Designed to be a "drop-in" replacement for equivalent

e @Vge=15V,Ic=12A

n-channel

industry-standard Generation 3 IR IGBT's TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \%
lc@ Tg =25°C Continuous Collector Current 23
lc @ Tg =100°C Continuous Collector Current 12
lem Pulsed Collector Current ® 92 A
Im Clamped Inductive Load Current @ 92
Ir@ Tg =100°C Diode Continuous Forward Current 12
IEm Diode Maximum Forward Current 92
Vae Gate-to-Emitter Voltage +20 \Y
Pp @ Tg =25°C Maximum Power Dissipation 100 W
Pp @ Tc =100°C | Maximum Power Dissipation 42
Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min Typ. Max. Units
ReJc Junction-to-Case-1IGBT [ —-eeem | e 1.2
ReJc Junction-to-Case - Diode [ -eee- | e 2.5 °C/W
Recs Case-to-Sink, flat, greased surfface | = - 024 | @ -
ReJa Junction-to-Ambient, typical socket mount | = ----- | = ----- 40
Wt Weight | e 6021) | - g (0z)
www.irf.com 1
12/30/00
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IRG4PC30UD IR Rectifier
Electrical Characteristics @ T = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. | Units Conditions

V(BR)CES Collector-to-Emitter Breakdown Voltage®| 600 | ---- \% Vge = 0V, Ic = 250pA

AV(Br)ces/AT,) Temperature Coeff. of Breakdown Voltage| ---- [0.63 | ---- [ V/°C | Vge =0V, Ic = 1.0mA

VcE(on) Collector-to-Emitter Saturation Voltage --- 11.95] 2.1 Ic=12A Vge = 15V
--- |2.52 | ---- \ Ic = 23A See Fig. 2,5
---- [2.09 | ---- Ic=12A, Ty = 150°C

VGE(th) Gate Threshold Voltage 30 | - | 6.0 VcE = VGE, Ic = 250pA

AVGE(th/ATy| Temperature Coeff. of Threshold Voltage| ---- [ -11 | - |[mV/°C| VcE = VaE, Ic = 250pA

Ofe Forward Transconductance @ 3.1 86 |--- S Vce = 100V, Ic = 12A

Ices Zero Gate Voltage Collector Current - | - 250 [ pA | Vge =0V, Vcg = 600V
---- | ---- 2500 Vge = 0V, Vce = 600V, Ty = 150°C

VEm Diode Forward Voltage Drop - 114 (17 \" Ic=12A See Fig. 13
- [13 |16 Ic=12A, Ty = 150°C

lces Gate-to-Emitter Leakage Current ---- | -=--- [£100| nA | Vge = 20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. [ Max. Unitsl Conditions

Qg Total Gate Charge (turn-on) ---| 50 | 75 Ic=12A

Qge Gate - Emitter Charge (turn-on) ---| 81 ] 12 nC | Vgc = 400V See Fig. 8

Qqc Gate - Collector Charge (turn-on) ---| 18 | 27 Vge = 15V

td(on) Turn-On Delay Time ---| 40 Ty=25°C

ty Rise Time - 21 | ---- ns | Ic =12A, Vgc = 480V

td(off) Turn-Off Delay Time ---| 91 | 140 Vge = 15V, Rg = 23Q

t Fall Time ---1 80 | 130 Energy losses include "tail" and

Eon Turn-On Switching Loss ---10.38] ---- diode reverse recovery.

Eot Turn-Off Switching Loss ---10.16]| ---- mJ | See Fig. 9, 10, 11,18

= Total Switching Loss ---10.54] 0.9

td(on) Turn-On Delay Time ---| 40 Ty=150°C, SeeFig.9,10,11,18

ty Rise Time - 22 | ---- ns | Ic =12A, Vgc = 480V

td(off) Turn-Off Delay Time --- 1120 | ---- Vge = 15V, Rg = 23Q

t FallTime ---1 180 | ---- Energy losses include "tail" and

Es Total Switching Loss ---10.89| ---- mJ | diode reverse recovery.

Le Internal Emitter Inductance - 13 | - nH | Measured 5mm from package

Cies Input Capacitance --- 11100] ---- Vge = 0V

Coes Output Capacitance ---| 73 pF | Vcc = 30V See Fig. 7

Cres Reverse Transfer Capacitance - | 14 ] ---- f=1.0MHz

trr Diode Reverse Recovery Time ---| 42 | 60 ns | Ty=25°C See Fig.
---| 80 | 120 Ty=125°C 14 Ir=12A

I Diode Peak Reverse Recovery Current | ---- | 3.5 | 6.0 A | Ty=25°C See Fig.
---| 56| 10 Ty=125°C 15 Vg = 200V

Qrnr Diode Reverse Recovery Charge ---| 80 | 180| nC | Ty=25°C See Fig.
--- | 220 | 600 Ty=125°C 16 di/dt 200A/us

direcyw/dt Diode Peak Rate of Fall of Recovery --- [ 180 | ---- | A/us| Ty=25°C See Fig.

During tp ---- | 120 | ---- Ty=125°C 17
2 www.irf.com




PD 91449B

International
IR Rectifier IRG4BC20UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT
ULTRAFAST SOFT RECOVERY DIODE

Features ¢

 UltraFast: optimized for high operating vV =600V
frequencies 8-40 kHz in hard switching, >200 CES
kHz in resonant mode

» Generation 4 IGBT design provides tighter VCE(on) typ. = 1.85V
parameter distribution and higher efficiency than G
Generation 3 - @Vge=15V, Ic=6.5A
* IGBT co-packaged with HEXFRED® ultrafast,
ultra-soft-recovery anti-parallel diodes for use in n-channel

bridge configurations

¢ Industry standard TO-220AB package

Benefits

* Generation -4 IGBTSs offer highest efficiencies
available

* IGBTs optimized for specific application conditions

* HEXFRED diodes optimized for performance with
IGBTs. Minimized recovery characteristics require
less/no snubbing

* Designed to be a "drop-in" replacement for equivalent
industry-standard Generation 3 IR IGBTs

Absolute Maximum Ratings

Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 \'
Ilc @ Tc =25°C Continuous Collector Current 13
Ic @ Tc =100°C | Continuous Collector Current 6.5
lom Pulsed Collector Current ® 52 A
ILm Clamped Inductive Load Current @ 52
Ir @ Tg =100°C Diode Continuous Forward Current 7.0
IEm Diode Maximum Forward Current 52
VGE Gate-to-Emitter Voltage +20 \'%
Pp @ Tgc =25°C Maximum Power Dissipation 60 W
Pp @ Tgc =100°C | Maximum Power Dissipation 24
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)

Thermal Resistance

Parameter Min. Typ. Max. Units
Reuc Junction-to-Case - IGBT | = | e 2.1
ReJyc Junction-to-Case - Diordke @~ | - [ meeee 3.5 °C/W
Rocs Case-to-Sink, flat, greased surface | - 050 [ @ -
Reua Junction-to-Ambient, typical socket mount | = - | = - 80
Wt Weight | e 2(0.07) | = - g (0z)
www.irf.com 1
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International

IRG4BC20UD TSR Rectifier

Electrical Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. [Max. | Units Conditions

V(BR)CES Collector-to-Emitter Breakdown Voltage®] 600 | ---- | ---- \' Vge = 0V, Ic = 250pA

AVerices/AT| Temperature Coeff. of Breakdown Voltage | ---- [0.69 | ---- | V/°C | Vge = 0V, Ic = 1.0mA

VCE(on) Collector-to-Emitter Saturation Voltage | ---- [1.85 | 2.1 lc = 6.5A Vge = 15V
- 1227 | - \ Ic=13A See Fig. 2,5
- 11.87 | ---- Ic =6.5A, Ty =150°C

VGE(th) Gate Threshold Voltage 30 |- |6.0 Vce = VaE, Ic = 250pA

AVGE(th/ATy| Temperature Coeff. of Threshold Voltage| ---- [ -11 | ---- [mV/°C| VcE = VaE, Ic = 250pA

Ofe Forward Transconductance @ 14 | 43 | - S Vce = 100V, Ic = 6.5A

Ices Zero Gate Voltage Collector Current ---- | ---- [ 250 [ pA | Vge =0V, Vcg = 600V
---- | ---- |1700 Vge = 0V, Vcg = 600V, Ty = 150°C

VEm Diode Forward Voltage Drop - 1.4 | 1.7 \' Ic = 8.0A See Fig. 13
-—- 113116 Ic =8.0A, Ty =150°C

lces Gate-to-Emitter Leakage Current -—-- | ---- [£100| nA Vge = £20V

Switching Characteristics @ T; = 25°C (unless otherwise specified)

Parameter Min. | Typ. [Max. | Units Conditions
Qg Total Gate Charge (turn-on) - | 27 | 41 Ic = 6.5A
Qge Gate - Emitter Charge (turn-on) --- 145168 | nC [ Vcc=400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) 10 16 Vge = 15V
td(on) Turn-On Delay Time -1 39 | - Ty=25°C
tr Rise Time 15 | ---- ns | lc =6.5A, Vcc = 480V
ta(off) Turn-Off Delay Time -—-- 93 | 140 Vge = 15V, Rg = 50Q
tf Fall Time ---- | 110 [ 170 Energy losses include "tail" and
Eon Turn-On Switching Loss ---- 10.16 | ---- diode reverse recovery.
Eoff Turn-Off Switching Loss -—-- 1013 | - mJ | See Fig. 9, 10, 11, 18
Eits Total Switching Loss ---- 10.29 | 0.3
td(on) Turn-On Delay Time --- | 38 | ---- Ty=150°C, See Fig. 9, 10, 11, 18
tr Rise Time 17 | ---- ns | lg =6.5A, Vcc = 480V
ta(off) Turn-Off Delay Time ---- [ 100 | ---- Vge = 15V, Rg = 50Q
tf Fall Time ---- [ 220 | ---- Energy losses include "tail" and
Eits Total Switching Loss ---- 10.49 | ---- mJ | diode reverse recovery.
Le Internal Emitter Inductance - | 7.5 | ---- nH | Measured 5mm from package
Cies Input Capacitance ---- | 530 | ---- Vge = OV
Coes Output Capacitance - | 39 | - pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance - | 7.4 | - f =1.0MHz
tr Diode Reverse Recovery Time ---- | 37 | 55 ns | Ty=25°C See Fig.
- | 55 | 90 Ty=125°C 14 IF = 8.0A
lrr Diode Peak Reverse Recovery Current | ---- | 3.5 | 5.0 A Ty=25°C See Fig.
--- | 45 | 8.0 Ty=125°C 15 Vg = 200V
Qrr Diode Reverse Recovery Charge - | 65 [138 | nC | Ty;=25°C See Fig.
---- [ 124 | 360 Ty=125°C 16 di/dt 200A/ps
di(rec)m/dt Diode Peak Rate of Fall of Recovery --- 1240 | --- | Alps| Ty=25°C See Fig.
During tp --- (210 | ---- Ty=125°C 17

2 www.irf.com



International
IR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

PD- 91793

IRG4BC20SD

Standard Speed IGBT

Features

 Extremely low voltage drop 1.4Vtyp. @ 10A

+ S-Series: Minimizes power dissipation at up to 3
KHz PWM frequency in inverter drives, up to 4
KHz in brushless DC drives.

« Very Tight Vce(on) distribution

« IGBT co-packaged with HEXFRED™ ultrafast,
ultra-soft-recovery anti-parallel diodes for use
in bridge configurations

E
n-channel

Vces = 600V

VCE(on) typ. = 1.4V

@Vge =15V, Ic =10A

* Industry standard TO-220AB package

Benefits

» Generation 4 IGBT's offer highest efficiencies
available

* IGBT's optimized for specific application conditions

« HEXFRED diodes optimized for performance with
IGBT's . Minimized recovery characteristics require
less/no snubbing

* Lower losses than MOSFET's conduction and
Diode losses

Absolute Maximum Ratings

Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 Vv
Ilc @ Tg = 25°C Continuous Collector Current 19

Ic @ Tg = 100°C | Continuous Collector Current 10

lom Pulsed Collector Current © 38 A
ILm Clamped Inductive Load Current @ 38

Ir @ Tgc = 100°C | Diode Continuous Forward Current 7.0

IFm Diode Maximum Forward Current 38

Ve Gate-to-Emitter Voltage +20 V
Pp @ T¢ = 25°C Maximum Power Dissipation 60 W
Pp @ Tg = 100°C | Maximum Power Dissipation 24

Ty Operating Junction and -55 to +150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

ReJc Junction-to-Case - IGBT —_— —_— 2.1

ReJc Junction-to-Case - Diode —_— —_— 3.5 °C/W
Recs Case-to-Sink, flat, greased surface —_— 0.50 —

ReJa Junction-to-Ambient, typical socket mount — — 80

Wt Weight — 2 (0.07) — g (0z)
www.irf.com 1
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International

IRG4BC20SD TR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ.| Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltagef | 600 | — | — V Vge =0V, Ig = 250pA
AVgrices/ATy | Temperature Coeff. of Breakdown Voltage| — | 0.75| — | V/°C | Vge =0V, Ic = 1.0mA
VGE(on) Collector-to-Emitter Saturation Voltage | — |1.40| 1.6 Ic = 10A Vge = 15V
— | 1.85| — \" Ic=19A See Fig. 2,5
— | 1.44| — Ic =10A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30| — | 6.0 VcE = Vg, Ic = 250pA
AVGE(th)/ATy | Temperature Coeff. of Threshold Voltage — | -11 | — |mV/°C| VcEg = VGE, Ic = 250pA
Ofe Forward Transconductance @ 20| 58 | — S Vce =100V, Ic = 10A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge=0V, Vcg =600V
— | — |1700 Vae = 0V, Vge = 600V, Ty = 150°C
VEMm Diode Forward Voltage Drop — | 1.4 | 1.7 \ Ic =8.0A See Fig. 13
— | 13| 16 Ic = 8.0A, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |#100| nA | Vgg =120V
Switching Characteristics @ T,; = 25°C (unless otherwise specified)
Parameter Min. | Typ.| Max. | Units Conditions
Qq Total Gate Charge (turn-on) — | 27 | 40 Ic =10A
Qge Gate - Emitter Charge (turn-on) — | 43| 65 | nC | Vgc =400V See Fig. 8
Qqc Gate - Collector Charge (turn-on) — | 10 | 15 Vge = 15V
td(on) Turn-On Delay Time — | 62 | — Ty=25°C
ty Rise Time — 32 — ns | Ic=10A, Ve = 480V
td(offy Turn-Off Delay Time — | 690 | 1040 Vge = 15V, Rg = 50Q
t Fall Time — | 480 | 730 Energy losses include "tail" and
Eon Turn-On Switching Loss — [0.32| — diode reverse recovery.
Eoft Turn-Off Switching Loss — |2.58| — mJ | See Fig. 9, 10, 11,18
Eis Total Switching Loss — [290]| 45
td(on) Turn-On Delay Time — 64 | — Ty=150°C, See Fig. 10,11, 18
ty Rise Time — 35 | — ns | Ic=10A, Ve = 480V
td(off) Turn-Off Delay Time — | 980 | — Vge = 15V, Rg = 50Q
t Fall Time — | 800 | — Energy losses include "tail" and
Eis Total Switching Loss — |4.33| — md | diode reverse recovery.
Le Internal Emitter Inductance — | 75| — nH | Measured 5mm from package
Cies Input Capacitance — | 550 | — Vge =0V
Coes Output Capacitance — | 39 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 71| — f =1.0MHz
trr Diode Reverse Recovery Time — | 37 | 55 ns | Ty=25°C See Fig.
— | 55 | 90 Ty =125°C 14 I = 8.0A
ler Diode Peak Reverse Recovery Currenf — | 3.5 | 5.0 A | Ty=25°C See Fig.
— | 45| 8.0 Ty=125°C 15 Vg = 200V
Qrr Diode Reverse Recovery Charge — | 65 | 138 | nC | Ty=25°C See Fig.
— | 124 | 360 Ty=125°C 16 di/dt = 200Aps
direcyw/dt Diode Peak Rate of Fall of Recovery — | 240 | — | Alus| Ty=25°C  See Fig.
During tp — | 210| — Ty=125°C 17
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PD - 94082A

International

ISR Rectifier IRG4BC15UD

INSULATED GATE BIPOLAR TRANSISTOR WITH UltraFast CoPack IGBT
ULTRAFAST SOFT RECOVERY DIODE

Features N | | Vs = 600V
* UltraFast: Optimized for high frequencies from10 to

30 kHz in hard switching
+ IGBT Co-packaged with ultra-soft-recovery VcE(on) typ. = 2.02V
antiparallel diode

* Industry standard TO-220AB package @Vge=15V,Ic=7.8A

E
n-channel
Benefits
* Best Value for Appliance and Industrial Applications
+ High noise immune "Positive Only" gate drive-
Negative bias gate drive not necessary
» For Low EMI designs- requires little or no snubbing
» Single Package switch for bridge circuit applications
» Compatible with high voltage Gate Driver IC's
* Allows simpler gate drive
Absolute Maximum Ratings
Parameter Max. Units
VcEs Collector-to-Emitter Voltage 600 Vv
lc @ Tg = 25°C Continuous Collector Current 14
Ilc @ Tg = 100°C | Continuous Collector Current 7.8
lcm Pulsed Collector Current ® 42 A
ILm Clamped Inductive Load Current @ 42
Ir@ Tg = 100°C Diode Continuous Forward Current 4.0
IEm Diode Maximum Forward Current 16
Vae Gate-to-Emitter Voltage +20 Vv
Pp @ Tg =25°C Maximum Power Dissipation 49 W
Pp @ Tg = 100°C | Maximum Power Dissipation 19
Ty Operating Junction and -55 to +150
TstG Storage Temperature Range °C
Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
ReJc Junction-to-Case - IGBT —_— —_— 2.7
ReJc Junction-to-Case - Diode —_— —_— 7.0 °C/W
Recs Case-to-Sink, flat, greased surface — 0.50 —_—
Rosa Junction-to-Ambient, typical socket mount — —_— 80
Wt Weight — 2 (0.07) — g (0z2)
www.irf.com 1
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IRG4BC15UD

International

IR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltage® 600 | — | — | V Vge = 0V, Ic = 250pA
AVgrices/AT, Temperature Coeff. of Breakdown Voltage | — [0.63 V/°C | Vge =0V, Ic = 1.0mA
VGE(on) Collector-to-Emitter Saturation Voltage | — [2.02 | 2.4 Ic =7.8A Vge = 15V
— 2586 |— | V [Ic=14A
— 221 | — Ic =7.8A, Ty = 150°C
VGE(th) Gate Threshold Voltage 30 |— | 6.0 VcE = VG, Ic = 250pA
AVGE(th)/ATy | Temperature Coeff. of Threshold Voltage| — [ -10 | — |mV/°C| VcE = Vg, Ic = 250pA
Jfe Forward Transconductance @ 41 (6.2 [ — S Vce = 100V, Ic = 7.8A
Ices Zero Gate Voltage Collector Current — | — 1250 | pA | Vge =0V, Vcg = 600V
— | — (1400 Vage = 0V, Vge = 600V, T, = 150°C
VEm Diode Forward Voltage Drop — (1.5 [ 1.8 \Y Ic =4.0A
— |14 |17 Ic = 4.0A, Ty = 150°C
lges Gate-to-Emitter Leakage Current — | — |#100| nA | Vge = 20V

Switching Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. |Max. | Units Conditions
Qq Total Gate Charge (turn-on) — | 23 | 35 Ilc =7.8A
Qge Gate - Emitter Charge (turn-on) — | 4.0 | 6.0 nC | Vgc =400V
Qqc Gate - Collector Charge (turn-on) — 196 | 14 Vge = 15V
td(on) Turn-On Delay Time — 17 [— Ty =25°C
tr Rise Time — | 20 [— ns | lg=7.8A, Vcc = 480V
td(off) Turn-Off Delay Time —— | 160 | 240 VGE = 15V, RG =75Q
t Fall Time — | 83 [ 120 Energy losses include "tail" and
Eon Turn-On Switching Loss — (0.24 | — diode reverse recovery.
Eoft Turn-Off Switching Loss — 026 | — [ MmJ
Eis Total Switching Loss — [0.50 | 0.63
td(on) Turn-On Delay Time — | 16 [— Ty = 150°C,
tr Rise Time — 21 [— ns | lgc=7.8A, Vcc = 480V
td(off) Turn-Off Delay Time — | 180 | — VGE = 15V, RG =75Q
t Fall Time — | 220 | — Energy losses include "tail" and
Eis Total Switching Loss — [0.76 | — | mJ | diode reverse recovery.
Le Internal Emitter Inductance — [ 75 | — | nH | Measured 5mm from package
Cies Input Capacitance — (410 | — Vge = 0V
Coes Output Capacitance — | 37 | — | pF | Vcc =30V
Cres Reverse Transfer Capacitance — |53 | — f =1.0MHz
ter Diode Reverse Recovery Time — | 28 | 42 ns | Ty=25°C
— | 38 | 57 Ty=125°C IF = 4.0A
" Diode Peak Reverse Recovery Current | — [ 2.9 | 5.2 A | Ty=25°C
— | 3.7 | 67 Ty=125°C Vg = 200V
Qi Diode Reverse Recovery Charge — | 40 | 60 nC | Ty=25°C
— | 70 | 110 Ty=125°C di/dt 200A/us
direcym/dt Diode Peak Rate of Fall of Recovery — 1280 | — | Alus | Ty =25°C
During tp — | 240 | — Ty =125°C




PD -91734B

Internationall
ISR Rectifier IRG4BC10KD

INSULATED GATE BIPOLAR TRANSISTOR WITH Short Circuit Rated
ULTRAFAST SOFT RECOVERY DIODE UltraFast IGBT
Features ¢
e High short circuit rating optimized for motor control, Vces = 600V
tsc =10ps, @360V V(g (start), Ty = 125°C,
Vge = 15V
e Combines low conduction losses with high VCE(on) typ. = 2.39V
switching speed G
» Tighter parameter distribution and higher efficiency @Vge =15V, Ic =5.0A
than previous generations E
* IGBT co-packaged with HEXFRED™ ultrafast, n-channel

ultrasoft recovery antiparallel diodes

Benefits

* Latest generation 4 IGBTs offer highest power density
motor controls possible

e HEXFRED™ diodes optimized for performance with IGBTSs.
Minimized recovery characteristics reduce noise, EMI and
switching losses

Absolute Maximum Ratings

Parameter Max. Units

VcEs Collector-to-Emitter Voltage 600 \Y
Ic @ Tc =25°C Continuous Collector Current 9.0

Ic @ Tc =100°C | Continuous Collector Current 5.0

lcm Pulsed Collector Current @ 18 A
ILm Clamped Inductive Load Current @ 18

Ir @ Tc =100°C | Diode Continuous Forward Current 4.0

IEm Diode Maximum Forward Current 16

tse Short Circuit Withstand Time 10 ys
VGE Gate-to-Emitter Voltage + 20 V
Pp @ Tgc =25°C Maximum Power Dissipation 38 W
Pp @ Tgc =100°C | Maximum Power Dissipation 15

Ty Operating Junction and -55 to +150

Tsta Storage Temperature Range °C

Soldering Temperature, for 10 sec. 300 (0.063 in. (1.6mm) from case)
Mounting Torque, 6-32 or M3 Screw. 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units

Rouc Junction-to-Case - IGBT — — 3.3

RoJc Junction-to-Case - Diode — — 7.0 °C/W
Rocs Case-to-Sink, flat, greased surface _— 0.50 —

Rgua Junction-to-Ambient, typical socket mount e e 80

Wt Weight — 2 (0.07) — g (0z2)
www.irf.com 1
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International

IRG4BC10KD IR Rectifier
Electrical Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
V(BR)CES Collector-to-Emitter Breakdown Voltagef 600 | — — \'% Vge =0V, Ic = 250pA
AVrices/AT, | Temperature Coeff. of Breakdown Voltage | — | 0.58| — | V/°C | Vgg =0V, Ic = 1.0mA
VCE(on) Collector-to-Emitter Saturation Voltage | — |2.39| 2.62 Ilc = 5.0A Vge = 15V
— | 325 — \' Ic =9.0A See Fig. 2,5
— |2.63| — Ic =5.0A, Ty =150°C
VGE(th) Gate Threshold Voltage 30| — | 65 Vce = VaGE, Ic = 250pA
AVGEe(thy/ATy | Temperature Coeff. of Threshold Voltage — | -11 | — |mV/°C| Vce = VaE, Ic = 250pA
Ofe Forward Transconductance ,, 12 18| — S Vce =50V, Ic = 5.0A
Ices Zero Gate Voltage Collector Current — | — | 250 | pA | Vge =0V, Vcg = 600V
— — [ 1000 Vge = 0V, Vcg = 600V, Ty = 150°C
VEm Diode Forward Voltage Drop — | 15| 1.8 \ Ic =4.0A See Fig. 13
— | 14| 17 Ic =4.0A, Ty =150°C
lces Gate-to-Emitter Leakage Current — — | 100 nA | Vgg = +20V
Switching Characteristics @ T; = 25°C (unless otherwise specified)
Parameter Min. | Typ. | Max.| Units Conditions
Qg Total Gate Charge (turn-on) — |19 | 29 Ic = 5.0A
Qge Gate - Emitter Charge (turn-on) — |29 | 43| nC | Vgc =400V See Fig.8
Qqc Gate - Collector Charge (turn-on) — |1 98| 15 Vge = 15V
td(on) Turn-On Delay Time — | 49 —
ty Rise Time — | 28 | — ns Ty =25°C
td(off) Turn-Off Delay Time — 97 | 150 Ic = 5.0A, Vcc = 480V
tf Fall Time — [ 140 | 210 Vge = 15V, Rg = 100Q
Eon Turn-On Switching Loss — (025| — Energy losses include "tail"
Eoft Turn-Off Switching Loss — (014 | — mdJ | and diode reverse recovery
Eis Total Switching Loss — 10.39|0.48 See Fig. 9,10,14
tsc Short Circuit Withstand Time 10 | — | — pus | Vec =360V, Ty=125°C
Vge = 15V, Rg = 100Q , Vcpk < 500V
td(on) Turn-On Delay Time — | 46 — Ty = 150°C, See Fig. 10,11,14
tr Rise Time — | 32 — ns Ic =5.0A, Ve = 480V
ta(off) Turn-Off Delay Time — | 100 | — Vge = 15V, Rg = 100Q
ts Fall Time — | 310 | — Energy losses include "tail"
Eis Total Switching Loss — 056 | — mdJ | and diode reverse recovery
Le Internal Emitter Inductance — | 75| — nH | Measured 5mm from package
Cies Input Capacitance — 220 | — Vge = 0V
Coes Output Capacitance — |29 | — pF | Vcc =30V See Fig. 7
Cres Reverse Transfer Capacitance — | 75| — f =1.0MHz
tor Diode Reverse Recovery Time — | 28 | 42 ns | Ty=25°C See Fig.
— | 38 | 57 Ty=125°C 14 IF=4.0A
lre Diode Peak Reverse Recovery Current | — | 2.9 | 5.2 A | Ty=25°C See Fig.
— | 3.7 | 6.7 Ty=125°C 15 Vg = 200V
Qi Diode Reverse Recovery Charge — | 40 | 60 nC | Ty;=25°C See Fig.
— | 70 | 105 Ty=125°C 16 di/dt = 200A/us
di(rec)m/dt Diode Peak Rate of Fall of Recovery — | 280 | — | Alus| Ty=25°C See Fig.
During tp — 1235 | — Ty=125°C 17
2 www.irf.com




Infineon

TrenchStop Series

IKW75NGOT

Low Loss DuoPack : IGBT in Trench and Fieldstop technology
with soft, fast recovery anti-parallel EmCon HE diode

c
e Very low Vegsay 1.5V (typ.)

e Maximum Junction Temperature 175 °C

e  Short circuit withstand time — 5us G c
¢ Positive temperature coefficient in Vcgsay

e very tight parameter distribution

¢ high ruggedness, temperature stable behaviour

e very high switching speed G 1
e LowEMI PG-TO-247-3-21 ch
e Very soft, fast recovery anti-parallel EmCon HE diode

 Qualified according to JEDEC" for target applications

e Pb-free lead plating; RoHS compliant

e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/

Applications:

e Frequency Converters

e Uninterrupted Power Supply

Type Vce Ic Veesat), rj=25°¢ | Tjmax Marking Package

IKW75N60T 600V 75A 1.5V 175°C K75T60 PG-TO-247-3-21

Maximum Ratings

Parameter Symbol Value Unit
Collector-emitter voltage Vce 600 \%
DC collector current, limited by Tjmax Ic A
Tc = 25°C 80?

Tc =100°C 75

Pulsed collector current, £, limited by Tjmnax Icpuls 225

Turn off safe operating area (Ve < 600V, T; < 175°C) - 225

Diode forward current, limited by Tjmax Ie

Tc = 25°C 807

Tc =100°C 75

Diode pulsed current, t, limited by Tjmax Iepuls 225

Gate-emitter voltage Vee +20 \
Short circuit withstand time® tsc 5 us
VGE = 15V, Vccs 4OOV, TJ <150°C

Power dissipation T¢ = 25°C Piot 428 w
Operating junction temperature T, -40...+175 °C
Storage temperature Tsig -65..+175

Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260

" J-STD-020 and JESD-022
2 Value limited by bondwire

% Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 1

Rev. 2.4 May 06



Infineon

TrenchStop Series

IKW75NGOT

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit
Characteristic
IGBT thermal resistance, Rinic 0.35 KW
junction — case
Diode thermal resistance, Rinicop 0.6
junction — case
Thermal resistance, Rinoa 40
junction — ambient
Electrical Characteristic, at T, = 25 °C, unless otherwise specified
Parameter Symbol Conditions - Value Unit
min. | Typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(gr)ces | Vee=0V, /c=0.2mA 600 - - \Y
Collector-emitter saturation voltage Vcesaty | Vee = 19V, [c=75A
T;=25°C - 1.5 2.0
T;=175°C - 1.9 -
Diode forward voltage Ve Vee=0V, I =75A
T;=25°C - 1.65 2.0
T;=175°C - 1.6 -
Gate-emitter threshold voltage Veepny |lc=1.2mA,Vce=Vee 4.1 4.9 5.7
Zero gate voltage collector current lces Vce=600V, MA
Vege=0V
T,=25°C - - 40
Tj=175°C - - 1000
Gate-emitter leakage current IgEs Vce=0V,Vge=20V - - 100 |nA
Transconductance Jss Vce=20V, Ic=75A - 41 - S
Integrated gate resistor Rgint - Q
Dynamic Characteristic
Input capacitance Ciss Vce=25V, - 4620 - pF
Output capacitance Coss Vse=0V, - 288 -
Reverse transfer capacitance Crss f=1MHz - 137 -
Gate charge Qgate Vcc=480V, Ic=75A - 470 - nC
Vee=15V
Internal emitter inductance Le - 13 - nH
measured 5mm (0.197 in.) from case
Short circuit collector current” lc(sc) Vee=15V,tsc<5us - 687.5 - A
Vcee = 400V,
T; £150°C

" Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors
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Infineon

TrenchStop Series

IKW75NGOT

Switching Characteristic, Inductive Load, at 7,=25 °C

. Value .

Parameter Symbol Conditions Unit
min | typ ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=25°C, - 33 - ns
Rise time t, Vec=400V, [c=75A, - 36 -
- VGE= 0/1 5\/,
Turn-off delay time ta(oth) Rs=5Q - 330 -
Fall time t; L,"”=100nH, - 35 -
1)_
Turn-on energy E., C,’=39pF - 2.0 - mJ
Energy losses include

Turn-off energy Eost “tail” and diode - 2.5 -
Total switching energy Eis reverse recovery. - 45 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time tr T;=25°C, - 121 - ns
Diode reverse recovery charge Q:r Vr=400V, [=75A, - 2.4 - uC
Diode peak reverse recovery current |/, dig/dt=1460A/pus - 38.5 - A
Diode peak rate of fall of reverse di../dt - 921 - Alus
recovery current during f,
Switching Characteristic, Inductive Load, at =175 °C

. Value )
Parameter Symbol Conditions Unit

min | typ ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T,=175°C, - 32 - ns
Rise time t, Vec=400V,Ic=75A, | 37 -
. VGE= 0/1 5V,
Turn-off delay time ta(oth) Re= 5Q - 363 -
Fall ime t; L,"”=100nH, - 38 -
1)_
Turn-on energy E., C,’=39pF - 2.9 - mJ
Energy losses include

Turn-off energy Eost “tail” and diode - 2.9 -
Total switching energy Eis reverse recovery. - 58 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time ter T;=175°C - 182 - ns
Diode reverse recovery charge Qr Vr=400V, [=75A, - 5.8 - uC
Diode peak reverse recovery current |/, dig/dt=1460A/pus - 56.2 - A
Diode peak rate of fall of reverse di../dt - 1013 - Alus
recovery current during t,

1 Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.

Power Semiconductors
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Infineon

technologies

IKW40T120

TrenchStop Series

Low Loss DuoPack : IGBT in Trench and Fieldstop technology
with soft, fast recovery anti-parallel EmCon HE diode

c
e Bestin class TO247
e  Short circuit withstand time — 10us
e Designed for : G
- Frequency Converters E
- Uninterrupted Power Supply
e Trench and Fieldstop technology for 1200 V applications offers : =
- very tight parameter distribution S5%F
- high ruggedness, temperature stable behavior sy

¢ NPT technology offers easy parallel switching capability due to
positive temperature coefficient in Vcgsar

e Low EMI

e Low Gate Charge

e Very soft, fast recovery anti-parallel EmCon HE diode

e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/

Type Ve Ic Ve (sat), Ti=25°C T} max Package Ordering Code
IKW40T120 1200V 40A 1.8V 150°C TO-247AC Q67040-S4520
Maximum Ratings

Parameter Symbol Value Unit
Collector-emitter voltage Vce 1200 V
DC collector current Ic A

Tc = 25°C 75

Tc = 100°C 40

Pulsed collector current, &, limited by Tjmax lcputs 105

Turn off safe operating area - 105

Ve < 1200V, T, < 150°C

Diode forward current Ie

Tc = 25°C 80

Tc =100°C 40

Diode pulsed current, , limited by Tjmax Iepuis 105

Gate-emitter voltage Vce +20 Vv
Short circuit withstand time" tsc 10 us
Ve = 15V, Ve <1200V, T, < 150°C

Power dissipation Piot 270 w
Tc =25°C

Operating junction temperature T; -40...+150 °C
Storage temperature Tsig -55...+150

Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 1 Preliminary / Rev. 1 Jul-02
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technologies

TrenchStop Series

IKW40T120

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit
Characteristic
IGBT thermal resistance, Rinic 0.45 K/W
junction — case
Diode thermal resistance, Rihico 0.81
junction — case
Thermal resistance, Rihia TO-247AC 40
junction — ambient
Electrical Characteristic, at 7; = 25 °C, unless otherwise specified
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(gr)ces | Vee=0V, Ic=1.5mA | 1200 - - \
Collector-emitter saturation voltage Veesaty | Vee = 15V, [c=40A
T;=25°C - 1.8 2.3
T,=125°C - 2.1 -
T,=150°C - 2.3 -
Diode forward voltage Ve Vee=0V, I[r=40A
T;=25°C - 1.75 2.3
T,=125°C - 175 | -
T,=150°C - 1.75 -
Gate-emitter threshold voltage Veeiny [lc=1.5mA, Vee=Vee 5.0 5.8 6.5
Zero gate voltage collector current Ices Vce=1200V, mA
Vee=0V
Tj=25°C - - 0.4
7;=150°C - - 4.0
Gate-emitter leakage current lges Vce=0V, Vge=20V - - 600 [nA
Transconductance Ots Vce=20V, Ic=40A - 21 - S
Integrated gate resistor Rgint 6 Q

Power Semiconductors

Preliminary / Rev. 1 Jul-02
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TrenchStop Series

IKW40T120

Dynamic Characteristic

Input capacitance Ciss Vce=25V, - 2500 - pF
Output capacitance Coss Vee=0V, - 130 -
Reverse transfer capacitance Crss f=1MHz - 110 -
Gate charge Qcate Vec=960V, Ic=40A - 203 - nC
VGE= 15V
Internal emitter inductance Le TO-247AC - - 13 nH
measured 5mm (0.197 in.) from case
Short circuit collector current” lesc) Vee=15V,tsc<10pus - 210 - |A
VCC = GOOV,
T = 25°C
Switching Characteristic, Inductive Load, at 7,=25 °C
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time facon) T,;=25°C, - 48 - ns
Rise time t, Vcc=600V,/c=40A, | _ 34 -
. VGE=0/1 5V,
Turn-off delay time ta(off) Re=15Q - 480 -
Fall time t L,2’=180nH, - 70 -
2)_
Turn-on energy Eon C,/=39pF - 3.3 - mJ
Energy losses include
Turn-off energy Eo¢s “tail” and diode - 3.2 -
Total switching energy Eis reverse recovery. - 6.5 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time tr T,;=25°C, - 240 - ns
Diode reverse recovery charge Q:; Vr=600V, [r=40A, - 3.8 uC
Diode peak reverse recovery current | /i dir/dt=800A/us - 28 A
Diode peak rate of fall of reverse di../dt - 370 - Alus
recovery current during f,,

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

2 Leakage inductance L, and Stray capacity C,; due to dynamic test circuit in Figure E.

Power Semiconductors
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TrenchStop Series

IKW40T120

Switching Characteristic, Inductive Load, at =150 °C

. Value .

Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time fa(on) Tj=150°C - 52 - ns
Rise time t Vcc=600V,/c=40A, |  _ 40 -
- Vee=0/15V,
Turn-off delay time fa(otf) Rs= 15Q - 580 -
Fall time t L,"=180nH, - 120 -
1)—
Turn-on energy Eon C,/'=39pF - 5.0 - mJ
Energy losses include

Turn-off energy Eo¢ “tail” and diode - 54 -
Total switching energy Eis reverse recovery. - 10.4 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time tr T,=150°C - 410 - ns
Diode reverse recovery charge Q. Vr=600V, [=40A, - 8.8 - uC
Diode peak reverse recovery current | Iy, dir/dt=800A/us - 36 - A
Diode peak rate of fall of reverse dir./dt - 330 Alus
recovery current during t,

Y Leakage inductance L, and Stray capacity C,; due to dynamic test circuit in Figure E.

Power Semiconductors
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IKW40N120T2

TrenchStop® 2" Generation Series

Low Loss DuoPack : IGBT in 2" generation TrenchStop®

with soft, fast recovery anti-parallel EmCon diode

C

e Bestin class TO247
e Short circuit withstand time — 10us
e Designed for :

- Frequency Converters E

- Uninterrupted Power Supply
e TrenchStop® 2™ generation for 1200 V applications offers :

- very tight parameter distribution el

- high ruggedness, temperature stable behavior c*
e Easy paralleling capability due to positive temperature coefficient in FeTo24a73

VCE(sat)

e LowEMI
e Low Gate Charge
e Very soft, fast recovery anti-parallel EmCon HE diode
e Qualified according to JEDEC' for target applications
e  Pb-free lead plating; RoHS compliant
e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/
Type Vce Ic VcE(sat), Tj=25°C Timax | Marking Code Package
IKW40N120T2 | 1200V | 40A 1.75V 175°C K40T1202 PG-TO-247-3
Maximum Ratings
Parameter Symbol Value Unit
Collector-emitter voltage Vce 1200 \Y
DC collector current (T=150°C) Ic A
Tc =25°C 75’
Tc = 110°C 40
Pulsed collector current, £, limited by Tjmax Icpuis 160
Turn off safe operating area - 160
Vee< 1200V, T;< 175°C
DC Diode forward current (T=150°C) Ie
To = 25°C 75
Tc = 110°C 40
Diode pulsed current, t, limited by Tjmax Iepuis 160
Gate-emitter voltage Vee +20 \
Short circuit withstand time® tsc 10 us
Ve = 15V, Ve <600V, Tgarn < 175°C
Power dissipation Piot 480 W
Tc =25°C
Operating junction temperature T -40...+175 °C
Storage temperature Tstg -55...+150
Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260
Wavesoldering only, temperature on leads only

' J-STD-020 and JESD-022
2 Limited by bond wire

3 Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors
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. IKW40N120T2
I n fl n e 0 n TrenchStop® 2" Generation Series

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit
Characteristic
IGBT thermal resistance, Rinsc 0.31 KIW
junction — case
Diode thermal resistance, Rinsco 0.53
junction — case
Thermal resistance, Rinsa 40
junction — ambient
Electrical Characteristic, at T, = 25 °C, unless otherwise specified
. Value .
Parameter Symbol Conditions Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage Vieryces | Vee=0V, Ic=500pA 1200 - - \Y
Collector-emitter saturation voltage Ve (sat) Vee = 15V, Ic=40A
T,=25°C - 1.75 2.2
T,)=150°C - 2.25 -
T;=175°C - 23 -
Diode forward voltage Ve Vee=0V, Ig=40A
T;=25°C - 1.75 2.2
T;=150°C - 1.80 -
T;=175°C - 1.80 -
Gate-emitter threshold voltage VE(n) Ic=1.5mA,Vce=Vse 5.2 5.8 6.4
Zero gate voltage collector current lces Vce=1200V, mA
Vee=0V
Tj=25°C - - 0.4
T;=150°C - - 4.0
T;=175°C - - 20
Gate-emitter leakage current lges Vce=0V,Vge=20V - - 200 |nA
Transconductance Ots Vce=20V, [c=40A - 21 - S

Power Semiconductors 2 Rev.2.2 SepO08
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IKW40N120T2

TrenchStop® 2" Generation Series

Dynamic Characteristic

Input capacitance Ciss Vce=25V, - 2360 - pF
Output capacitance Coss Vee=0V, - 230 -
Reverse transfer capacitance Ciss f=1MHz - 125 -
Gate charge Qcate Vce=960V, Ic=40A - 192 - nC
VGE:1 5V
Internal emitter inductance Le - 13 - nH
measured 5mm (0.197 in.) from case
Short circuit collector current” lesc) Vse=15V,tsc<10us - - A
VCC = 600V,
Tj,start = 25°C 220
Tj.start = 175°C 156
Switching Characteristic, Inductive Load, at 7,=25 °C
. Value .
Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=25°C, - 33 - ns
Rise time t, Vec=600V,1c=40A, - 28 -
N VGE:0/1 5V,
Turn-off delay time ta(otf) Re=12Q, - 314 -
Fall time t; L622))=80n H, - 94 -
Turn-on energy Eon C,'=67pF . - 3.2 - mJ
Energy losses include
Turn-off energy Eoft “tail” and diode reverse - 2.05 -
Total switching energy E. recovery. - 5.25 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time ter T;=25°C, - 258 - ns
Diode reverse recovery charge Q:r Vr=600V, I=40A, - 3.3 uC
Diode peak reverse recovery current Iirm dig/dt=950A/us - 23 A
Diode peak rate of fall of reverse di../dt - 350 - Alus
recovery current during t,

" Allowed number of short circuits: <1000; time between short circuits: >1s.
? Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.

Power Semiconductors
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Infineon

IKW40N120T2

TrenchStop® 2" Generation Series

Switching Characteristic, Inductive Load, at =175 °C

. Value .

Parameter Symbol Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=175°C - 32 - ns
Rise time t, Vec=600V,/c=40A, - 28 -
N VGE:0/1 5V,
Turn-off delay time ta(otf) Re= 120, - 405 -
Fall time t; L(,’7))=1 80nH, - 195 -
Turn-on energy E,n C,'=67pF , - 4.5 - mJ
Energy losses include

Turn-off energy Eotr “tail” and diode reverse - 3.8 -
Total switching energy Eis recovery. - 8.3 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time tr T;=175°C - 480 - ns
Diode reverse recovery charge Q:r Vr=600V, I=40A, - 6.6 - uC
Diode peak reverse recovery current lirm dig/dt=950A/us - 31 - A
Diode peak rate of fall of reverse di../dt - 200 Alus
recovery current during t,

" Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.

Power Semiconductors
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High speed DuoPack: IGBT in Trench and Fieldstop technology with soft, fast recovery
anti-parallel diode
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Infineon

IKW40N120H3

High speed switching series third generation

High speed DuoPack: IGBT in Trench and Fieldstop technology with soft, fast

recovery anti-parallel diode

Features:

TRENCHSTOP™ technology offering

* very low Vcesat

* low EMI

* Very soft, fast recovery anti-parallel diode

* maximum junction temperature 175°C

« qualified according to JEDEC for target applications
* Pb-free lead plating; RoHS compliant

» complete product spectrum and PSpice Models:
http://www.infineon.com/igbt/

Applications:
* uninterruptible power supplies

» welding converters
« converters with high switching frequency

Key Performance and Package Parameters

C

Type Vce Ic Vcesat, Tvj=25°C

ijmax

Marking

Package

IKW40N120H3 1200V | 40A 2.05V

175°C

K40H1203

PG-TO247-3

Rev. 2.1, 2014-11-26
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im'l eon IKW40N120H3

High speed switching series third generation

Maximum Ratings

For optimum lifetime and reliability, Infineon recommends operating conditions that do not exceed 80% of the maximum ratings stated in this datasheet.

Parameter Symbol Value Unit
Collector-emitter voltage Vee 1200 \Y,

DC collector current, limited by Tyjmax

Tc =25°C Ic 80.0 A

Tc =100°C 40.0

Pulsed collector current, t, limited by Tyjmax lcpuis 160.0 A
Turn off safe operating area Vce < 1200V, T,;< 175°C - 160.0 A
Diode forward current, limited by Tyjmax

Tc =25°C Ir 40.0 A

Tc =100°C 20.0

Diode pulsed current, £, limited by Tijmax Irpuis 160.0 A
Gate-emitter voltage Ve 120 \%
Short circuit withstand time

Vee = 15.0V, Vce <600V

Allowed number of short circuits < 1000 tsc uS
Time between short circuits: > 1.0s

T,j=175°C 10

Power dissipation T¢c = 25°C P 483.0 W
Power dissipation Tc = 100°C ot 220.0

Operating junction temperature Ty -40...+175 °C
Storage temperature Tstg -55...+150 °C
Soldering temperature, °C
wave soldering 1.6mm (0.063in.) from case for 10s 260

Mounting torque, M3 screw

Maximum of mounting processes: 3 M 0.6 Nm
Thermal Resistance

Parameter ‘Symbol ‘Conditions Max. Value Unit
Characteristic

IGBT thermal resistance, .

junction - case Rinie) 0.31 KIW
Diode thermal resistance, .

junction - case Ringo 1.11 KW
Thermal resistance .

junction - ambient Runga) 40 KW

4 Rev. 2.1, 2014-11-26



Infineon

IKW40N120H3

High speed switching series third generation

Electrical Characteristic, at T,; = 25°C, unless otherwise specified

L. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage| Vigrices | Vee = OV, Ic = 0.50mA 1200 - - V
Vee = 15.0V, Ic = 40.0A
. . T, =25°C - 2.05 | 240
Collector-emitter saturation voltage |Vcesat Ty =125°C ) 250 . \%
T,;=175°C - 2.70 -
Vee = 0V, I = 20.0A
Diode forward voltage VE T,y =25°C - 180 | 235 | V
T,;=175°C - 1.85 -
Vee = 0V, I = 40.0A
. T,j=25°C - 240 | 3.05
Diode forward voltage Ve Ty =125°C ) 260 N \
T,;=175°C - 2.60 -
Gate-emitter threshold voltage Veewny  |Ic = 1.00mA, Vce = Vae 5.0 5.8 6.5 V
Ve = 1200V, Vee = OV
Zero gate voltage collector current | /ces T,;=25°C - - 250.0 | pA
T,;=175°C - - 12500.0
Gate-emitter leakage current Ices Vce = 0V, Vee = 20V - - 600 | nA
Transconductance Ots Vce = 20V, Ic = 15.0A - 20.0 - S
Electrical Characteristic, at T,; = 25°C, unless otherwise specified
L. Value .
Parameter Symbol |Conditions - Unit
min. ‘ typ. ‘ max.
Dynamic Characteristic
Input capacitance Cies - 2330 -
Output capacitance Coes Vce = 25V, Vee = 0V, f = 1MHz - 185 - pF
Reverse transfer capacitance Cres - 130 -
Vee = 960V, Ic = 40.0A,
Gate charge Qe Vo = 15V - |1850| - nC
Internal emitter inductance
measured 5mm (0.197 in.) from Le - 13.0 - nH
case
Short circuit collector current Ve = 15.0V, Ve <600V,
Max. 1000 short circuits lesc) tsc < 10ps - 139 - A
Time between short circuits: > 1.0s T,;=175°C
5 Rev. 2.1, 2014-11-26



im'l eon IKW40N120H3

High speed switching series third generation

Switching Characteristic, Inductive Load

L. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic, at T,; = 25°C
Turn-on delay time fd(on) T, = 25°C, - 30 - ns
Rise time t: Vee =600V, Ic = 40.0A, - 57 - ns
. Vee = 0.0/15.0V,
Turn-off delay time La(off) Raon) = 12.09Q, Roem = 12.0Q, - 290 - ns
Fall time ti Lo =70nH, Co = 67pF - 16 - ns
Lo, Co from Fig. E
Turn-on energy Eon Energy losses include “tail” and - 820 - |mJ
Turn-off energy Eotr diode reverse recovery. - |120| - |md
Total switching energy Eis - 4.40 - mJ
Diode Characteristic, at T,; = 25°C
Diode reverse recovery time tr T, = 25°C, - 355 - ns
Diode reverse recovery charge Qr IVR_=4%O(?X’ - 1.90 - uC
F = . ’
Diode peak reverse recovery current rm die/dt = 500A/us - 12.8 - A
Diode peak rate of fall of reverse .
recovery current during t din/dlt - | -150 | - |Aps
Switching Characteristic, Inductive Load
L. Value .
Parameter Symbol |Conditions - Unit
min. ‘ typ. ‘ max.
IGBT Characteristic, at T,; = 175°C
Turn-on delay time fa(on) T, = 175°C, - 29 - ns
Rise time tr Vee = 600V, fc = 40.0A, - 49 - ns
. Vee = 0.0/15.0V,
Turn-off delay time taoff) Rcon) = 12.0Q, Rom = 12.0Q, - 366 - ns
Fall time t Lo = 70nH, Co = 67pF - 48 - | ns
Lo, Co from Fig. E
Turn-on energy Eon Energy losses include “tail” and - | 440 - | mJ
Turn-off energy Eor diode reverse recovery. - | 260 - |mJ
Total switching energy Eis - 7.00 - mJ
Diode Characteristic, at T,; = 175°C
Diode reverse recovery time fir T,j=175°C, - 639 - ns
Diode reverse recovery charge Qr IVR-=4E(5)O(§)X, - 4.30 - uC
F= . ’
Diode peak reverse recovery current /im die/dt = 500A/us - 16.0 - A
Diode peak rate of fall of reverse .
recovery current during t, di/dt - -105 - |Aps

6 Rev. 2.1, 2014-11-26
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IKW30NGOT

TrenchStop Series

Low Loss DuoPack : IGBT in Trench and Fieldstop technology
with soft, fast recovery anti-parallel EmCon HE diode

Very low Vcggay 1.5V (typ.)
Maximum Junction Temperature 175 °C
Short circuit withstand time — 5us
Designed for : E
- Frequency Converters
- Uninterruptible Power Supply
e Trench and Fieldstop technology for 600 V applications offers :

- very tight parameter distribution p_To_247;3_1

- high ruggedness, temperature stable behavior (TO-220AC)

- very high switching speed

- low Veg(say
e Positive temperature coefficient in Vcgsar
e LowEMI
e Low Gate Charge
e Very soft, fast recovery anti-parallel EmCon HE diode
e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/
Type Vece Ic Veesat), 1j=25°C T max Marking Code | Package Ordering Code
IKW30N60T 600V 30A 1.5V 175°C K30T60 TO-247 | Q67040S4717
Maximum Ratings
Parameter Symbol Value Unit
Collector-emitter voltage Vce 600 \Y
DC collector current, limited by Tjmax Ic A
Tc = 25°C 60
Tc = 100°C 30
Pulsed collector current, t, limited by Timax Icpuls 90
Turn off safe operating area (Ve < 600V, T; < 175°C) - 90
Diode forward current, limited by Tjmax Ie
Tc = 25°C 60
Tc = 100°C 30
Diode pulsed current, ¢, limited by Tjmax Iepuis 90
Gate-emitter voltage Vae +20 \Y
Short circuit withstand time”" tsc 5 us
Vee = 15V, Ve <400V, T;<150°C
Power dissipation T¢ = 25°C Piot 187 W
Operating junction temperature T -40...+175 °C
Storage temperature Tstg -55...+175
Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 1 Rev. 2.1 Dev-04
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TrenchStop Series

Thermal Resistance

Parameter Symbol Conditions Max. Value Unit
Characteristic

IGBT thermal resistance, Rinsc TO-247 0.80 K/W
junction — case

Diode thermal resistance, Rinsco TO-247 1.05

junction — case

Thermal resistance, Rinsa TO-247 AC 40

junction — ambient

Electrical Characteristic, at T; = 25 °C, unless otherwise specified

. Value .
Parameter Symbol Conditions Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(grjces | Vee=0V, /c=0.2mA 600 - - \Y
Collector-emitter saturation voltage Vcesat)y | Vee = 15V, Ic=30A
T;=25°C - 1.5 2.05
T,;=175°C - 1.9 -
Diode forward voltage Ve Vse=0V, [g=30A
T;=25°C - 1.65 2.05
T;=175°C - 1.6 -
Gate-emitter threshold voltage VGE(th) 1c=0.43mA, 41 4.9 57
Vee=Vee
Zero gate voltage collector current lces Vce=600V, MA
Vge=0V
T;=25°C . . 40
T;=175°C - _ 1000
Gate-emitter leakage current Iges Vece=0V,Vge=20V - - 100 |nA
Transconductance Js Vce=20V, [c=30A - 16.7 - S
Integrated gate resistor Rgint - Q
Dynamic Characteristic
Input capacitance Ciss Vce=25V, - 1630 - pF
Output capacitance Coss Vee=0V, - 108 -
Reverse transfer capacitance Crss f=1MHz - 50 -
Gate charge Qoate Vce=480V, Ic=30A - 167 - nC
Vge=15V
Internal emitter inductance Le TO-247-3-1 - 7 - nH
measured 5mm (0.197 in.) from case
Short circuit collector current” le(sc) Vee=15V,tsc<bus - 275 - A
Vce = 400V,
T; = 150°C

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 2 Rev. 2.1 Dev-04
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Switching Characteristic, Inductive Load, at 7,=25 °C

. Value .
Parameter Symbol Conditions - Unit
min. ‘ Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=25°C, - 23 - ns
Rise time t Vce=400V,Ic=30A, - 21 -
. VGE=0/1 5V,

Turn-off delay time ta(off) Rs=10.6 Q - 254 -
Fall time ts L,"”=136nH, - 46 -

1) -
Turn-on energy Eon Co,'=39pF - 0.69 - mJ

Energy losses include
Turn-off energy Eo¢f “tail” and diode - 0.77 -
Total switching energy Eis reverse recovery. - 1.46 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time ter T;=25°C, - 143 - ns
Diode reverse recovery charge Q. Vkr=400V, [=30A, - 0.92 - uC
Diode peak reverse recovery current |/, dig/dt=910A/us - 16.3 - A
Diode peak rate of fall of reverse di, /dt - 603 - Alus
recovery current during t,,
Switching Characteristic, Inductive Load, at 7=175 °C
. Value .
Parameter Symbol Conditions - Unit
min. ‘ Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=175°C, - 24 - ns
Rise time t, Vcc=400V,/c=30A, j 26 _
. VGE=0/1 5V,

Turn-off delay time td(off) RG= 10.6 Q - 292 -
Fall time t; L,”=136nH, - 90 -

1)—
Turn-on energy Eon Co'=39pF . - 1.0 - mJ

Energy losses include

Turn-off energy Eost “tail” and diode N 11 i
Total switching energy Eis reverse recovery. - 2.1 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time te T;=175°C - 225 - ns
Diode reverse recovery charge Q:r Vr=400V, I=30A, - 2.39 - uC
Diode peak reverse recovery current |/, dig/dt=910A/us - 22.3 - A
Diode peak rate of fall of reverse di,/dt - 310 - Alus
recovery current during t,,

g Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.
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Low Loss DuoPack : IGBT in Trench and Fieldstop technology
with soft, fast recovery anti-parallel EmCon HE diode

Very low Vcggay 1.5V (typ.)
Maximum Junction Temperature 175 °C
Short circuit withstand time — 5us
Designed for :

- Frequency Converters

- Uninterrupted Power Supply

e Trench and Fieldstop technology for 600 V applications offers :

- very tight parameter distribution

- high ruggedness, temperature stable behavior

P-TO-247-3-1
(TO-220AC)

- very high switching speed -

- low Vee(say - n{{j’ﬁ _
e Positive temperature coefficient in Vcgsar S ocE . E
e LowEMI 53%55253)1 f}g%égﬁ.;z (D*PAK)
e Low Gate Charge
e Very soft, fast recovery anti-parallel EmCon HE diode
e Complete product spectrum and PSpice Models : http://www.infineon.com/igbt/
Type Vce Ic Veesat), 1j=25°C T max Marking Code Package |[Ordering Code
IKP20N60T 600V 20A 1.5V 175°C K20T60 TO-220 |Q67040S4715
IKB20N60OT 600V 20A 1.5V 175°C K20T60 TO-263 |Q67040S4713
IKW20N6OT 600V 20A 1.5V 175°C K20T60 TO-247 |Q67040S4716
Maximum Ratings
Parameter Symbol Value Unit
Collector-emitter voltage Vce 600 \Y
DC collector current, limited by Tjmax Ic A
Tc=25°C 40
Tc =100°C 20
Pulsed collector current, {, limited by Timax Icpuls 60
Turn off safe operating area (Ve < 600V, T; < 175°C) - 60
Diode forward current, limited by Tjmax Ie
Tc = 25°C 40
Tc = 100°C 20
Diode pulsed current, £, limited by Tjmax Iepuls 60
Gate-emitter voltage Vee 120 \Y
Short circuit withstand time" tsc 5 us
Ve = 15V, Ve <400V, T;<150°C
Power dissipation T¢ = 25°C Piot 166 W
Operating junction temperature T; -40...+175 °C
Storage temperature Tstg -55...+175
Soldering temperature, 1.6mm (0.063 in.) from case for 10s - 260

Y Allowed number of short circuits: <1000; time between short circuits: >1s.

Power Semiconductors 1
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Thermal Resistance

Parameter Symbol Conditions Max. Value Unit
Characteristic
IGBT thermal resistance, Rinsc TO-220-3-1 0.9 KW
junction — case TO-247-3-1
TO-263-3-2
Diode thermal resistance, Rinsco TO-220-3-1 1.5
junction — case TO-247-3-1
TO-263-3-2
Thermal resistance, Rinha TO-220-3-1 62
junction — ambient TO-247-3-1 40
TO-263-3-2 (6cm? Cu) 40
Electrical Characteristic, at T; = 25 °C, unless otherwise specified
. Value .
Parameter Symbol Conditions Unit
min. ‘ Typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage | V(grjces | Vee=0V, /[c=0.2mA 600 - - \Y
Collector-emitter saturation voltage Vcesaty | Vee = 15V, [c=20A
T;=25°C - 1.5 2.05
T;=175°C - 1.9 -
Diode forward voltage Ve Vee=0V, Ig=20A
T;=25°C - 1.65 2.05
T;=175°C - 1.6 -
Gate-emitter threshold voltage Vee@n) |1c=290uA,Vce=Vee 4.1 4.9 5.7
Zero gate voltage collector current lces Vce=600V, MA
Vge=0V
T;=25°C _ _ 40
T=175°C - - 1000
Gate-emitter leakage current lces Vce=0V,Vge=20V - - 100 ([nA
Transconductance Jts Vce=20V, [c=20A - 11 - S
Integrated gate resistor Rgint - Q

Power Semiconductors
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TrenchStop Series I KW20N6OT

Dynamic Characteristic

Input capacitance Ciss Vce=25V, - 1100 - pF
Output capacitance Coss Vge=0V, - 71 -
Reverse transfer capacitance Crss f=1MHz - 32 -
Gate charge Qaate Vcc=480V, Ic=20A - 120 - nC
Vge=15V
Internal emitter inductance Le TO-220-3-1 - 7 - nH
measured 5mm (0.197 in.) from case TO-247-3-1
TO-263-3-2
Short circuit collector current” Iegsc) Vee=15V,tsc<5us - 183.3 - A
Vce = 400V,
T; £150°C

Switching Characteristic, Inductive Load, at 7;=25 °C

o Value .

Parameter Symbol Conditions - Unit
min. ‘ Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=25°C, - 18 - ns
e i Vcc=400V,Ic=20A
Rise time t, cc Y ’ - 14 -
. VGE=0/1 5V,
Turn-off delay time td(off) RG=1 20 - 199 -
Fall time t; L,=131nH, - 42 -
2)_
Turn-on energy E.n C,”=31pF - 0.31 - mJ
Energy losses include

Turn-off energy Eo¢s “tail” and diode - 0.46 -
Total switching energy Eis reverse recovery. - 0.77 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time ter T;=25°C, - 41 - ns
Diode reverse recovery charge Q. Vkr=400V, [=20A, - 0.31 - uC
Diode peak reverse recovery current | /.. dig/dt=880A/us - 13.3 - A
Diode peak rate of fall of reverse di /dt - 711 - Alus
recovery current during t,,

" Allowed number of short circuits: <1000; time between short circuits: >1s.
2 Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.

Power Semiconductors 3 Rev. 2.2 Dec-04
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TrenchStop Series

Switching Characteristic, Inductive Load, at =175 °C

. Value .

Parameter Symbol Conditions - Unit
min. ‘ Typ. ‘ max.
IGBT Characteristic
Turn-on delay time ta(on) T;=175°C, - 18 - ns
ica fi Vec=400V,Ic=20A
Rise time t cc Y d - 18 -
, [ Vee=0/15V,
Turn-off delay time ta(off) Re= 12 Q - 223 -
Fall time t; L,"=131nH, - 76 -
1)=
Turn-on energy E,, C,’=31pF - 0.51 - mJ
Energy losses include

Turn-off energy Eoff “tail” and diode - 0.64 -
Total switching energy Eis reverse recovery. - 1.15 -
Anti-Parallel Diode Characteristic
Diode reverse recovery time to T;=175°C - 176 - ns
Diode reverse recovery charge Q:r Vr=400V, [=20A, - 1.46 - uC
Diode peak reverse recovery current | /.., dig/dt=880A/us - 18.9 - A
Diode peak rate of fall of reverse di../dt - 467 - Alus
recovery current during t,

g Leakage inductance L, and Stray capacity C, due to dynamic test circuit in Figure E.

Power Semiconductors
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High speed 5 FAST IGBT in TRENCHSTOP™ 5 technology copacked with RAPID 1
fast and soft anti parallel diode

IKP40N65F5, IKW40N65F5

650V DuoPack IGBT and Diode
High speed switching series fifth generation

Data sheet
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IKW40N65F5, IKP40NG65FS

High speed switching series fifth generation

High speed 5 FAST IGBT in TRENCHSTOP™ 5 technology copacked with

RAPID 1 fast and soft anti parallel diode

Features and Benefits:

High speed F5 technology offering

* Best-in-Class efficiency in hard switching and resonant
topologies

* 650V breakdown voltage

* Low Qg

* IGBT copacked with RAPID 1 fast and soft antiparallel diode
* Maximum junction temperature 175°C

+ Qualified according to JEDEC for target applications

* Pb-free lead plating; RoHS compliant

» Complete product spectrum and PSpice Models:
http://www.infineon.com/igbt/

Applications:

* Solar converters

* Uninterruptible power supplies

* Welding converters

» Mid to high range switching frequency converters
Package pin definition:

* Pin 1 - gate

* Pin 2 & backside - collector
¢ Pin 3 - emitter

Key Performance and Package Parameters

C

g
CE

6 Green

@ Halogen-Free

g'/RoHS

Type Vce Ic Veesat, Tvi=25°C | Tijmax Marking Package
IKW40NG65F5 650V 40A 1.6V 175°C K40F655 PG-TO247-3
IKP40N65F5 650V 40A 1.6V 175°C K40F655 PG-TO220-3

2 Rev. 1.1, 2012-11-09
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Maximum ratings

High speed switching series fifth generation

Parameter Symbol Value Unit

Collector-emitter voltage Vee 650 \Y,

DC collector current, limited by Tyjmax

Tc=25°C Ic 74.0 A

Tc =100°C 46.0

Pulsed collector current, t, limited by Tyjmax lcpuis 120.0 A

Turn off safe operating area Vce < 650V, T,; < 175°C - 120.0 A

Diode forward current, limited by Tyjmax

Tc=25°C Ir 36.0 A

Tc =100°C 21.0

Diode pulsed current, f, limited by Tyjmax Irpuis 120.0

Gate-emitter voltage V. 120

Transient Gate-emitter voltage (t, < 10us, D < 0.010) GE +30

Power dissipation Tc = 25°C P 255.0 W

Power dissipation Tc = 100°C tot 120.0

Operating junction temperature I -40...+175 °C

Storage temperature Tsig -55...+150 °C

Soldering temperature,

wave soldering 1.6 mm (0.063 in.) from case for 10s PG-TO247-pinGCE 260 °C
PG-TO220-3 260

Mounting torque, M3 screw

Maximum of mounting processes: 3 M 0.6 Nm

Thermal Resistance

Parameter ‘Symbol ‘Conditions Max. Value Unit

Characteristic

IGBT thermal resistance, .

junction - case Ring-o) 0.60 K/wW

Diode thermal resistance, .

junction - case Ring-c 1.80 K/wW

Thermal resistance R PG-TO247-pinGCE 40 KW

junction - ambient ") 1 PG-T0O220-3 62

4 Rev. 1.1, 2012-11-09
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High speed switching series fifth generation

Electrical Characteristic, at T,; = 25°C, unless otherwise specified

L. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
Static Characteristic
Collector-emitter breakdown voltage| Vigrices | Vee = 0V, Ic = 0.20mA 650 - - \%
Vee = 15.0V, Ic = 40.0A
. . T,j=25°C - 1.60 | 2.10
Collector-emitter saturation volta Vi ) ° \%
g€ |Veesa 1. =125°C - | 180 | -
T,;=175°C - 1.90 -
Vee = 0V, [ =20.0A
. T,j=25°C - 145 | 1.80
D VJ o
iode forward voltage Ve Ty = 125°C ] 140 ) \
T,j=175°C - 1.40 -
Gate-emitter threshold voltage Veewny  |Ic = 0.40mA, Ve = Ve 3.2 4.0 4.8 V
Vce = 650V, Vee = 0V
Zero gate voltage collector current |/ces T,j=25°C - - 40.0 | pA
T.,;=175°C - - 14000.0
Gate-emitter leakage current lces Vce = 0V, Vee = 20V - - 100 | nA
Transconductance Ots Vce = 20V, Ic = 40.0A - 50.0 - S
Electrical Characteristic, at T,; = 25°C, unless otherwise specified
. Value .
Parameter Symbol |Conditions - Unit
min. ‘ typ. ‘ max.
Dynamic Characteristic
Input capacitance Cies - 2500 -
Output capacitance Coes Vee = 25V, Ve = 0V, f = 1MHz - 50 - pF
Reverse transfer capacitance Cres - 9 -
Vee =520V, Ic = 40.0A, ) )
Gate charge Qe Vo = 15V 95.0 nC
Internal emitter inductance PG-TO247-pinGCE 13.0
measured 5mm (0.197 in.) from Le PG-TO220-§ - ' - nH
case
Switching Characteristic, Inductive Load
L. Value .
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic, at T,; = 25°C
Turn-on delay time fd(on) T, = 25°C, - 19 - ns
Rise time t: Vee =400V, le = 20.0A, - 13 - ns
. Vee = 0.0/15.0V,
Turn-off delay time La(of) rs = 15.0Q, Lo = 30nH, - 160 - ns
Fall time tr Co=30pF - 16 - ns
Lo, Co from Fig. E
Turn-on energy Eon Energy losses include “tail” and - 0.36 - | mJ
Turn-off energy Eor diode reverse recovery. - 010 | - |mJ
Total switching energy Eis - 0.46 - mJ

Rev. 1.1, 2012-11-09
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High speed switching series fifth generation

Turn-on delay time fd(on) T, = 25°C, - 20 - ns
Rise time tr 500 - 8000/\1/5 18\/: 5.0A, - 4 - ns
ce = U. - ’
Turn-off delay time facofr rs i 15.0Q, Lo = 30nH, - 175 - ns
Fall time t LCG =C3(]{IOF Fig. E - 10 - | ns
o, Co from Fig.
Turn-on energy Eon Energy losses include “tail” and - 007 - |md
Turn-off energy Eor diode reverse recovery. - 1003 | - |mJ
Total switching energy Eis - 0.10 - mJ
Diode Characteristic, at T,; = 25°C
Diode reverse recovery time frr T, = 25°C, - 60 - ns
Diode reverse recovery charge Qr I\/R_zz‘(")oé)X’ - 0.45 - uC
F= . )
Diode peak reverse recovery current /im die/dt = 1000A/us - 12.4 - A
Diode peak rate of fall of reverse : ) ) )
recovery current during t, din/cit 280 Alus
Diode reverse recovery time frr T, = 25°C, - 33 - ns
Diode reverse recovery charge Qr IVR_=548£V’ - 0.22 - uC
F=9. )
Diode peak reverse recovery current um die/dt = 1000A/us - 10.6 - A
Diode peak rate of fall of reverse ; o )
recovery current during t, din/alt 1030 Alus
Switching Characteristic, Inductive Load
Value
Parameter Symbol |Conditions : Unit
min. ‘ typ. ‘ max.
IGBT Characteristic, at T,; = 150°C
Turn-on delay time fa(on) T, = 150°C, - 20 - ns
Rise time t: KCC = 3002\1/5 /8\/: 20.0A, - 14 - ns
Turn-off delay time faof) rGGE 15_'09, lo= 30nH, - 185 - ns
Fall time t LCG =03(}Ecl):m Fig. E - 15 | - |ns
o, Co ig.
Turn-on energy Eon Energy losses include “tail” and - 0.50 - | mJ
Turn-off energy Eort diode reverse recovery. - (o016 | - |mJ
Total switching energy Es - 0.66 - mJ
Turn-on delay time fa(on) T, = 150°C, - 18 - ns
Rise time t: KCC = 3009\1/5 18\/: 5.0A, - 5 - ns
Turn-off delay time taoff) rGGE 15_'09, lo= 30nH, - 220 - ns
Fall time t LCG =c3?°?cl>:m Fig. E - 12 - | ns
o, Co ig.
Turn-on energy Eon Energy losses include “tail” and - 0.14 - | mJ
Turn-off energy Est diode reverse recovery. - 0.05 - md
Total switching energy Eis - 0.19 - mJ

Rev. 1.1, 2012-11-09
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Diode Characteristic, at T,; = 150°C

High speed switching series fifth generation

Diode reverse recovery time trr T,; = 150°C, - 85 - ns

Diode reverse recovery charge Qrr IVR—=2‘(1)08X1 - 1.00 - uC
F = 2U.UA,

Diode peak reverse recovery current /im dir/dt = 1000A/us - 17.0 - A

Diode peak rate of fall of reverse .

recovery current during t, din/clt ) -220 - |Abs

Diode reverse recovery time trr T,; = 150°C, - 50 - ns

Diode reverse recovery charge Qrr IVR_=548AOV’ - 0.50 - uC
F=90.UA,

Diode peak reverse recovery current /im dir/dt = 1000A/us - 14.0 - A

Diode peak rate of fall of reverse dii/dt ) -500 - |As

recovery current during

7 Rev. 1.1, 2012-11-09
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