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Transistores de efeito de campo de juncao (JFETS)

Os JFETs tém um canal normalmente fechado que conecta a fonte e o dreno.
A porta é usada para controlar o fluxo de corrente através do canal e do dreno.

De forma semelhante a dos MOSFETs, existem dois tipos de juncdo FET:
canal n e canal p.

Em JFETSs de canal n, o canal é formado entre duas regides de porta tipo p.



Transistores de efeito de campo de juncao (JFETS)
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Transistores de juncao bipolar (BJTs)

Uma jungdo pn diretamente polarizada apresenta duas capacitancias
paralelas: uma da camada de deple¢do e uma de difusdo.

Por outro lado, uma juncao pn reversamente polarizada tem apenas a
capacitancia de deplecao.

Em regime permanente, essas capacitancias ndao desempenham
nenhum papel.

No entanto, em condi¢des transitorias, elas influenciam os
comportamentos de entrada em conducao e bloqueio do transistor.



Transistores Comerciais
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BDP948H6327XTSA1 Infineon 40pF 0.5V 0,2A 45V $0.73
BUL138 STM - 0.7V 2A 5A 400V 80W $1.37
KSE210STU ON/Fairchild  120pF 1.8V - 5A 25V 15W $0.43
DSC7505Q0L Panasonic 50pF 1.0V - 5A 20V 1w $0.95
2SC5354-1(F) Toshiba - 1V 2A 5A 800V 100W $4.77
BUJ303CD,118 WeEn - 0.5V 2A  5A 400V 80W $0.75
ZXTN2010ZTA Diodes ncorp  31pF 230mV 2A 5A 60V 21W $0.85
BUJ303B,127 WeEn - 0,25V 2A  5A 400V 100W  $0.83
PBSS55407,115 Nexperia 105pF  120mV 2A 5A 40V 2W $0.59

Fonte:Trabalho de ELT 313 apresentado no ano de 2019 — Autores: Lucas Ferreira Paiva, Augusto César de Paula, Aradjo, Daniel
Martins Marques, Leonardo Alves Fagundes Junior, Lucas Braga Cardoso.



|GBTs

https://www.onsemi.com/pub/Collateral/TND6245-D.PDF




|GBTs
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IGBT History, State-of-the-Art, and Future Prospects. Noriyuki Iwamuro and Thomas Laska. IEEE TRANS. ON ELECTRON DEVICES, VOL. 64, NO. 3, MARCH 2017



|GBTs

Um IGBT combina as vantagens dos TBJs com as dos MOSFETs.

Um IGBT tem uma elevada impedancia de entrada, como os
MOSFETs, e baixas perdas em condu¢do, como os TB]Js.

Além disso, ele ndo apresenta o problema de segunda avalanche,
como os TBJs.

Por meio do projeto e da estrutura da pastilha, a resisténcia
equivalente dreno-fonte RDS é controlada para se comportar como a
de um TBJ.
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Tecnologias de IGBTs
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Tecnologias de IGBTs
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Punch through Non Punch through Field stop planar

https://www.microsemi.com/document-portal/doc view/14709-igbt-technical-overview
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Punch through Non Punch through Field stop planar

https://www.microsemi.com/document-portal/doc view/14709-igbt-technical-overview
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|GBTs
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|GBTs
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|GBTs
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|GBTs

E.y versus Temperature

25 /_.L
PT
: — Field Stop

E.+ Normalized to 25 °C

1.5 —L —
1- —— .
0.5 NPT
0
0 25 a0 75 100 125
Temperature (*C)

https://www.microsemi.com/document-portal/doc view/14709-igbt-technical-overview




|GBTs
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Tecnologias de IGBTs

Turn-off: H3 vs std IGBT3
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https://www.infineon.com/export/sites/default/cn/product/promopages/High efficient power discretes for solar inverter Vincent Zeng.pdf




Tecnologias de IGBTs
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|IGBTs vs I\/IOSFET
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Test conditions: 400V, 30A, 125°C,
Rg=10Q, Vg = 15V
hard switched,
no snubber

https://www.microsemi.com/document-portal/doc view/14709-igbt-technical-overview




|IGBTs vs MOSFET

* IGBT tem baixa perda de conducdo devido a corrente bipolar

* IGBT tem maiores perdas de chaveamento devido a corrente de
calda ao desligar

* No IGBT o controle no tempo de vida util das portadoras
minoritarias pode ser usado para acelerar a recombinacao
interna

https://www.microsemi.com/document-portal/doc view/14709-igbt-technical-overview




DIXYS

XPT™600V IGBT
GenX3™w/ Diode

Extreme Light Punch Through
IGBT for 20-80 kHz Switching

Symbal Test Conditions Maximum Ratings
| T, =25°C 0 175°C 00 v
| T, =25°C 0 175°C, R, = 1MQ ] v
v Continuous 220 W
Vo Transient =30 W
hisi T. =25"C {Chip Capability) 100 A
Kexin T =110°C 50 A
{ R T, =110°C 30 &
| T. =25%C, 1ms 200 A
Iy T, =25 25 &
E T, =25°C 200 md
AL c
S50A V. =15, T =150°C. R =50 o = 100 A
(RBSOA)  Clamped Inductive Load D=V
t V=16V, V_ =360V, T, = 150°C 10 1
(SC50A) R, =224, Non Repstitive
P, T, =258"C (] W
T, 55...+176 °C
T 175 "0
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* Optimizsd for 20-60kHz Switching
* Sguare RBS0A

* Anti-Parallel Ultrs Fast Dinde

* Avalanche Capability

* Short Circuit Capabifity

* Internaticnal Standard Package

GenX3™B0O0OV IGBTs
w/ SiC Anti-Parallel
Diode

High-Speed PT IGETs for
40 - 100kHz Switching

IXGA30N60C3C
IXGP30N60C3C
IXGH30N60C3C
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. o T.=25°C D 150°C 600 )
T,=25°C I 150°C, A, = 1MD 600 v
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Fonte: IXYS, XPT 600V IGBT GenX3 w/ Diode. Disponivel em: https://br.mouser.com/datasheet/2/205/DS100274A(IXXH50N60C3D1)-1110193.pdf
IXYS, GenX3 600V IGBTs w/ SiC Anti-Parallel Diode. Disponivel em: https://br.mouser.com/datasheet/2/205/DS100142B(IXGA-GP-GH30N60C3C1)-1109901.pdf



Symbaol Test Conditions

IGBT:

Characteristic Values

S1 x S1C

Symbol Test Conditions

Characteristic Values

(T, = 25°C Unless Otherwise Specified) Min. Typ. Max. (T =25°C Unlass Otherwise Specified) Min, | Typ. | Max.
g, . = 36A, V__ =10V, Note 1 11 18 5 a, o= 20, V_, = 10V, Note 1 9 16 5
C. 2520 PE o 1075 pF
C s Ve =25V, V =0V, = TMHz 138 PF ¢ Ve = 25V, Vo, = OV, T = 1MHz 196 pF
C.. 42 pF C_ 29 pF
Q 64 nC Q as nc
Dw I, =36AV, =15V,V_ =05V __ 18 nC Q, } I,=20A,V, =15V V_=05+V_ 8 nC
Q_ 25 nC Q. 17 nC
L S ] 24 ns P 17 ns
t, Inductive load, T, = 25°C 40 ns L ] Inductive Load, T =25°C 20 ns
IEm |, =36A, V=15V 0.72 mJil |E. \ L=20av, =15V 0.12 mJ
it ce g 0 62 T00 ns  bam Vee = 00V, A, = 50 L2
i Mote 2 42 ns L Nota 2 47 na
) 033 | 055 md] |Es / 0.08 |0.18 mJ
L \ 25 ns Lot 3 : 16 ns
t, Inductive load, T, = 150°C 44 ns & neintivelond,T, =125°C 21 ns
E_ | =364, V_ =15V 1.46 ol E, ! I.=20AV =15V 016 md
tmm V.. =360V, R, = 50 80 ns | - V. =300V R =50 o ns
t, Note 2 g0 ns 'I'E 4 NORE 2 ;': o
E, J 0.48 md wn :

Fonte: IXYS, XPT 600V IGBT GenX3 w/ Diode. Disponivel em: https://br.mouser.com/datasheet/2/205/DS100274A(IXXH50N60C3D1)-1110193.pdf
IXYS, GenX3 600V IGBTs w/ SiC Anti-Parallel Diode. Disponivel em: https://br.mouser.com/datasheet/2/205/DS100142B(IXGA-GP-GH30N60C3C1)-1109901.pdf




Symbol Test Conditions IGB T Sl X Mﬂic \flluu

(T, = 25°C Unless Otherwise Specified) Typ.
, - \ 24 ns
. Inductive load, T, = 25°C 40 e
& lo = 36A, V= 15V 0.72 mJ
e Vee = SOUV, Mg = 582 62 | ns
t Note 2 42 ns
= 033 | 055 mJ|
Symbol Test Conditions Characteristic Values
(T,=25°C Unless Otherwise Specified) Min. | Typ. | Max.
Rt 17 ns
\ Inductive Load, T = 25°C 20 ns
E_ I, = 20A, V=15V 0.12 mJ I
V.. =300V, R, =50Q 32 ns
L ote 2 47 ns
[E. 009 Joie m ]

Fonte: IXYS, XPT 600V IGBT GenX3 w/ Diode. Disponivel em: https://br.mouser.com/datasheet/2/205/DS100274A(IXXH50N60C3D1)-1110193.pdf
IXYS, GenX3 600V IGBTs w/ SiC Anti-Parallel Diode. Disponivel em: https://br.mouser.com/datasheet/2/205/DSlOOl42B(IXGA—GP—GH30N60C3C1‘—1109901.Edf



Preco: |

GBTs em modulos de poténcia

Vee max Tensao de Corrente continua Dissipacio de Temperatura Preco
FABRICANTE MODELO V) saturagao coletor-|do coletor (25° C) otéic?a (W) operacional USDG(S)
emissor (V) (A) P maxima (°C)
Microsemi APTGT50TL601G 600 1,5 80 176 100 55.51
Infineon IFCM30U65GDXK 650 1,75 30 60,4 100 17.04
MA1

Vishay VS-ETF150Y65N 650 1,7 201 600 175 70.71

On Semiconductor FPF2G120BF07AS| 650 1,55 40 98 150 108.80
STMicroeletronics | STGIPL14K60-S 600 2,1 15 44 150 39.37
IXYS IXXN112N65C4H 650 1,98 210 750 175 21.97

Fonte:Trabalho de ELT 313 apresentado no ano de 2018 — Rodrigo Augusto Gouvéa; Samuel Rosa Araujo; Vitor Thinassi Basilio;
Ricardo Ferreira Pinheiro; Lucas Jonys Ribeiro Silva.




FABRICANTES (2012)
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Fabricantes de IBGT’s e quota de mercado (INFINEON YOLE DEVELOPPMENT, 2013)

Fonte:Trabalho de ELT 313 apresentado no ano de 2018 — Rodrigo Augusto Gouvéa; Samuel Rosa Araujo; Vitor Thinassi Basilio;
Ricardo Ferreira Pinheiro; Lucas Jonys Ribeiro Silva.



DIVISAO DO MERCADO POR TENSAO (2013)
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Fonte:Trabalho de ELT 313 apresentado no ano de 2018 — Rodrigo Augusto Gouvéa; Samuel Rosa Araujo; Vitor Thinassi Basilio;
Ricardo Ferreira Pinheiro; Lucas Jonys Ribeiro Silva.



SITs

« Um SIT é um dispositivo para altas poténcias e frequéncia.

» Secdo transversal e simbolo dos SITs:

Camada de passivacao

L, e

Dreno




» Caracteristicas tipicas

de SITs:
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