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Semicondutores de poténcia:
- Semicondutores para eletrénica de poténcia;
- Diodos ideais;
- Diodos reais;
- Comutacdo de diodos;
- Perdas em diodos;
- Caracteristicas importantes de diodos;
- Revisdo de BJT;
- BJT x FET;
- FETs;
- MOSFETSs;
- IGBTs;
+ Cdlculo térmico;
 Outros componentes importantes.
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Semicondutores aplicados a eletronica de poténcia:
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oo 11000 ldeal X Diodo Real

Exemplo Diodo SKN20/08

. VRRM = 800 V;
o F - V(TO)=0,85V;
- rT =11 mQ);
iF - IDmed = 20 A;
A N_.C - IR = 0,15 mA.
V1 » VF
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1
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+ VF -

Caracteristica estdtica
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Bloqueio: L
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Segunda etapa de comutagdo
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Bloqueio:



e 0OMUTACA0 de Diodos

No bloqueio do diodo (comutagdo critica):

— = —— Derivada da corrente depende da indutancia

rr di Tempo de recuperagdo reversa
\ F
\ /dt)

4 di

— Q ul Corrente maxima devido a recuperagdo reversa
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~
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e 0OMUTACA0 de Diodos

Diodos de carbeto de silicio (silicon carbide):
+ Diminuem acentuadamente o fenémeno da recuperagdo reversa.

A p

Change of state (on— off)
ey / required at ¢ =

Desired response

e

!I'E\’EI'F-E

" - - — -

www.infineon.com

www.cree.com
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Fig. 5. Typical reverse recovery waveforms of the Si pn and Si1C Schottky
diode for three different forward currents (2 A/div).

http://powerelec.ece.utk.edu/pubs/pels letters SiC june 2003.pdf
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o 0OMUTACA0 de Diodos
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Edge Po:

Fig.4. Low-line diode recovery currents in PFC front-end conver

Fig.8.A size comparison of an 80-kHz PFC front-end built with Si
rectifiers (left) and a 200-kHz PFC front-end with SiC rectifiers.

http://www.cree.com/Products/pdf/Power Article 1.pdf
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Classificagdo das perdas:
1. Conducgado;

P=V__-I  +pr -] 7

(10) * Dmed "7 Def

2. Comutagdo:
+ Entrada em conducdo;

R=05(V,,~V. )Lt f

- Bloqueio.

h=9,EJ
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Principais caracteristicas:

MAXIMUM RATINGS

~ . Rating Symbol Value Unit
- Tensdo de pico reversa; — _ ,
N . Peak Repetitive Reverse Voltage VarMm 200 V
* Queda de tensdo direta; Working Peak Reverse Voltage Vewm
. DC Blocking Voltage Ve
- Corrente de pico;
’oa. Average Rectified Forward Current [ 3.0 A
-+ Corrente média; (Rated Vg, T = 158°C)
+ Corrente eficaz; Peak Repetitive Forward Current - 6.0 A
. T d ~ (Rated Vg, Square Wave,
empo e r'ecuper'agao reversa. 20 kHz, T = 158°C)
Non-Repetitive Peak Surge Current lesm 75 A
(Surge Applied at Rated Load
Conditions Halfwave, 60 Hz)
Operating Junction and Storage Ty Tstg | -65t0+175 | °C
M U RD 320 Temperature Range
THERMAL CHARACTERISTICS
Rating Symbol Value Unit
Thermal Resistance - Junction-to-Case Rauc 6 °C/IW
Thermal Resistance - Junction—-to-Ambient (Note 1) Raua 80 °CIW
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage Drop (Note 2) Ve Volts
(i = 3 Amps, T, = 25°C) 0.95
(i =3 Amps, T, =125°C) 0.75
Maximum Instantaneous Reverse Current (Note 2) IR WA
(T, =25°C, Rated dc Voltage) 5
(T, =125°C, Rated dc Voltage) 500
Maximum Reverse Recovery Time tr ns
(I= =1 Amp, di/dt = 50 Ampsfus, Vg =30V, T; = 25°C) 35
(l;: =0.5 Amp, iR =1 Amp, IREC =025A. VR =30V, TJ = 25'-'C) 25
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Tipos de diodos:
1. Standard and fast recovery;

2. Ultrafast rectifiers;
3. Ultrasoft rectifers;
4. Silicon carbide (zero recovery).

Rectifiers (227)

Standard and Fast Recovery
Rectifiers (55)

UltraFast Rectifiers (165)
UltraSoft Rectifiers (7)

2 Semxonduxcton Internet Explorer provaded by Del
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oo GAracteristicas de Piodos Comereiais

)
1)

g e
-

g

C2D20120D-silicon Carbide Schottky Diode 1200 V

/ERO RECOVERY® RECTIFIER I =20A
Q. =122nC

<

RRM

-

Features Package

1200-Volt Schottky Rectifier

Zero Reverse Recovery

Zero Forward Recovery

High-Frequency Operation
Temperature-Independent Switching Behavior
Extremely Fast Swtitching

Positive Temperature Coefficient on V,

www.cree.com

i/

24
TO-247-3
Benefits

Replace Bipolar with Unipolar Rectifiers PIN 1O ){
Essentially No Switching Losses

Higher Efficiency PIN 20O QO CASE
Reduction of Heat Sink Requirements PIN 30 >J|
Parallel Devices Without Thermal Runaway o
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Semicondutores aplicados a eletronica de poténcia:
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BJT - Transistor bipolar de jungdo
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Comutagdo do BJT com carga resistiva

Comutagdo do BJT com carga indutiva

+VCC




Comutagdo do BJT com carga resistiva

T ———— — ——

—

T—c—-————-----‘-— ——————

- ———— R S — —— — —— ————

—oa’-— —————— ————

L

o B - — ———— o —

T ————— . —

h-L

Y1

| ARIN

INSTITUTO FEDERAL BJT



INSTITUTO FEDERAL BJT

ANTA CATARINA

- —— -

wow vk e e v o - -

——— v —— ] - —— -

Blogueio

- e e e

llllll b - - -

(@)

(ig)

ic

0D3NPUOD W2 DpPDJLU]

Comutagdo do BJT com carga indutiva



SEn
S SICBIT

SANTA CATARINA

The SiC BJT: Most Efficient 1200 V Power Conversion Switch Ever Made

A growing assortment of power switch technologies are on the market and in development today, including several
that leverage the features of silicon carbide. Most promising among these choices are SiC bipolar junction transistors
(BJTs). They offer very fast switching speed; the industry’s lowest conduction losses; easy high temperature operation;

very good robustness; and ease of manufacturing. Working in conjunction with a properly designed gate driver, SiC
BJTs also offer safe operation with high ruggedness and reliability.

SiC BJT vs Si IGBT
EOﬂ
Si IGBT 1200 40 3 2500 1800
SiC BJT 1200 40 1.6 1000 600
Improvement (lowered by) 47 % 60% 67 %
SiC BJT Features
Lowest Losses on the Market Robust and Reliable

Lowest conduction losses (R, <2.2 mQcm? @ RT)

Very low switching losses

Lowest total losses; including driver losses
High gain; SiC BJT DC current gain >70
Fast Switching

« Approximately 20 ns for turn-on and turn-off
« Switching behavior is not temperature dependent
* No current tailing for SiC BJT

« Normally OFF device

* Highest rated operating temperature; T, = 175°C

* Positive temperature coefficient [R.. ); Easy poralleling
« No secondary breakdown for SiC BJT

* No SiO, gate oxide reliability issue

* Short circuit resistant

Low leakage current

www.fairchildsemi.com
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oo, BNT X FET

FET - Transistor de efeito de campo

(Control current) /
el

O

(Control voltage) Vg
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Drain (D)

Ohmic

contacts n-channel

A

Depletion Depletion
region region

Source (S)

JFET: Operagdo bdsica

Depletion

€
Vos=0V t
— s —
I
J,} - '
Alp (MA)  ocus of pinch-off values
& -
Ohmic | Saturation Region
Region | Vec =0V
Il)\\ 8 o TGS = T
7
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4 ]
3 ;‘
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j - - | Vos=-3V
/
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/2> Semiconductor Applet Services - Internet Explorer provided by Dell
€ ’-5 o htp/mengbuffaloedw _________~|s| Ji
Ede Edit View Favorites Took Help ‘..,
W & @8 Semiconductor Applet Services ' - v ) v . rPage v [} Tools v -
Absat
Sagpornd tn part by the Netenal Scimer Foandstew)
Educ Applets
nie List of Simulation Applets
J::;"h" 1. Crystal Structure
: 22t 1. Zmcblende and Diamond structures ( GaAs, Si, etc.) - umstcel with a kst of matenal property. It gives you the
Bet oo 3D views of the unitcell and the covalent bonds
2. Hexagonal Closed Packed structures (ZnS, GaN, SiC, etc.). An interactive 3D view of the crystal unitcell
3. Crystal Structure and the 14 Bravais Lattices (javal 3): you can add vanious Basis atoms, rotate the crystal
: with one or multiple unitcells for a 3D view. It has many example crystals. You can also view the lattice
Higher 16 planes and directions. Crvstal Structure i Java 3D ! (Java3D phagin maybe needed: use link in page)
2. Energy Bands and Charge Carriers
Sem 1. Visuakration of dffusson, drift and recombmation of excess minonty camiers m a semiconductor,
’ 2. Indirect recombination via an energy state in the band gap_ It also mtroduces the four basic processes i the
“““m Shockley-Read-Hall statistics.
- 3. Energy Band Diagram and E-k Diagram
s AlGaAs
o SiGe
Research
- 3. Charge Carriers and Fermi Level [Semiconductor Statistics)
1 1 L 1 >
R 1 chn FmtbonmdLocahzchmg; Stattsandtbc'l'enpamle eﬂ'ect . FBET T2 30 vas
Done ometlprot«uaMod:On H10% ~ =
- — vo B ve B8 [Nchannel <] w,| 1
. SPICE Parameters |
http://jas.eng.buffalo.edu/ |_| .
> s
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D D
Q
[, + + IN5457
‘ID ? ] CASE 29-04, STYLE 5
O TO-92 (TO-226AA)

G ‘ G ‘ 1 Demin
5 | VDS i—{ VD S 1 {
|
23

Ves

i (0 6 - e
S — JFETs
S GENERAL PURPOSE
N-CHANNEL—DEPLETION

2 Source

JFET canal n e canal p

Positivo da Fonte Auxiliar

+ Vaux

2N2844
CASE 22-03, STYLE 12

FO-18 (T0-200A4) Aplicagdo do JFET

3 Drain
(Case)
" Q1
2 +
Gate 3524 R9 - S2
32 : AMN—— A |

—K
<
1 Source 12 R10 H
JFETs E 7
GENERAL PURPOSE __I_ Q2
P-CHANNEL L L < L L
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MOSFET - Metal Oxide Semiconductor Field Effect Transistor
(Drain)

n-channel

Metal contacts /
(Gate)\

G

o

Substrate
p SS

= \ n-doped

S :
(Source) regions

MOSFET tipo Deplegdo
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MOSFET tipo Deplegdo

D
O
/—-4— - D = e
/
|
\
n
+ N
e
|
e'l SS
G 11—
€l
. It
Vs =0V f|e
e
g - €
¢ n
/
\
e In=1c=1
= In =1¢=1Ipgs
g
!
. MOSFET: Operagdo bdsica.

Channel

Enhancement-mode (Normally-off) MOSFET
N-channel

Vg » VI gate bias is more positve than the threshold voltage.
Sufficient plectrang arcumitlate and farms the inversinn channe

Vg 3 [T=10V =] [N-channel ] info |

http://jas.eng.buffalo.edu/
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SANTA CATARINA

MOSFET tipo Deplegdo

D
o
P
G n SS
o p
Vs p
A
S

(a)

MOSFET

A, (mA)

0 b

g Vos=-1V

-

6 — Vg =0V

Y

4 Vos=+1 V

3 V=42V

2 V=43V

1 Vs =+ V
‘7 - > Voo = +5$’
- Vis=Vo=+6V o

: Operagdo basica.

(c)
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MOSFET tipo Deplegdo

n-channel

p-channel

o Q
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SANTA CATARINA

MOSFET tipo Intensificagdo

no-channel

Metallic
contacts
Substrate
G o 0SS

N\

region

n-channel

'_TD
G f——o5s5

1,

i

$ Ip (mA) Locus of Vg
" /
lO - " VGS = +8 \Y
{
9
8
7 VGS=+7V
6
5 VGS=+6V
4
3 VGS = +5 V
2
| Vos=+4V
— } , } Ves=+3V o
0 5V 10V 15V 20V 25 VX Vps
6V Vos=Vr=2V

Canal n
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MOSFET de Poténcia

Ip

Vgs=20V

=4V

VDps
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MOSFET de Poténcia

1t

90%
50%
T
Vbs
Vpp ) 10% ;i 90% (Vpp )
0
b
90% 10%
) Z

tD(on) tD(off) tf

ton

Comutagdo do MOSFET com carga resistiva
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MOSFET de Poténcia

b e . - —— "*"""‘ll‘-

L_-Ltr(\/d) J L

L]

£(Id;

T

Cd(off)

tf(vd)

tr(Id)

td(on)

Comutagdo do MOSFET com carga indutiva
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Classificagdo das perdas:
1. Conducdo;
p =lm e
cond T . rds(on) . ld(on)
2. Comutagdo:
- Entrada em condugdo e bloqueio;

- Onde:
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T
. MOSFET

Dados de catalogo: —

International
TR Rectifier IRFP150V

HEXFET® Power MOSFET

« Advanced Procass Technology o
o Ultra Low On-Rasistance Voss = 100V
« Dynamic dw'dt Rating
« 175°C Operating Temperature Rosjom = 24mi2
« Fast Switching a
« Fully Avalanche Rated ln=47A

8
Description

Advanoed HEXFET® Powsr MOSFETS from intematicnal Rectiler utiize
advanced proosssing lechniques to achve sxiramely low on-resistance
per silcon arsa This bansdit, combined with the fast swikching speed and
rugasdzed device design thal HEXFET power MOSFETS are well known "
for, provides the designer with an extremaly simicient and relabk devics for SN
uzo In a wids varisty of applications. o

The TO-247 package I preterrad for commercal-indusiral applications
whers higher power levals prechado the use of TO-Z20devicss. The TO-247 TO-247AC
Is dmiarbul superortothe earier TO-218 packcags because of Hslsclated
maounting hok.

Absolute Maximum Ratings

Parameter Maox. Units
o @ Tz =25°C | Conthwcus Drain Cumment, Wgs © 10V r3
AL [ Contiuus Dean Camrent, Vg, © 10V = A
Iow Fulsed Orain Cument © )
Po@lc=25C | Fower Oissioation 140 W
Dnear Doraing Facier [d]] e
Vo Glle--CouTte wolioe T 20 v
™ Avalandhe CuTenis 2 A
T Fopaiive Avdanchs Energys = ™
[GVE | Feok iode Recovery owdl O L5:3 s
T, Operaing Jurcien and 55 0+ 175
Ty Soiags Tamperalss Fange 'C
Bcideing Temparatirs, Yor 10 seconds 300 (1.4mm from case |
MEUTING SQue, 552 Or M3 orew 10Ekn (1.1 Nm)
Thermal Resistance
Parameter Typ. Max. Unite
Rerc ANcion-DLoass p— 11
Fucs Cass-&-Sik, Flal Grassed Suface 024 — oW
Toon NCIon-0-ATCIaTE — av
www. rcom 1
o
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Quando usar MOSFET:
Freqiiencias altas (acima de 50 kHz);
Tensdes muito baixas (<« 500 V);

Poténcias baixas (< 1 kW).

1.
2.
3.

Capacity (W)

10

10’

10

10

10°

10

10*

10

)

L]

5

3

Power Control
HVDC, FACT

K

tﬁ/// Motor Control

GTO IEGT

SCR

Bipolar

|
““““““““““ r‘-“‘----—--——'/————“““
|
|
|
|

Air—conditioner

L

LO

10°

10’

4

10 10 10°

Operation Frequency (Hz)
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L

IGBT - Insulated Gate Bipolar Transistor

Eipolar tase !
I Drift region

n+ EButter Lawr

sncde A (IGET colkator)

Caracteristicas de BJT e MOSFET

.
N

E
n-channel

TO-247AC
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Classificagdo das perdas:
1. Conducgdo;

P = +i Y

cond (ZC . VCEsat B BEsat ) . ton . f

2. Comutagdo:
- Entrada em condugdo e bloqueio;

- Onde:

Pwmzé(tr+tf)-1-E-f

Detalhamento do cdlculo de perdas

O TRANSISTOR IGBT
APLICADO
EM ELETRONICA
DE POTENC]

4

René P. Tomrico Bascopé
Amaido José Perin

5

[ R




Quando usar IGBT:

INSTITUTO FEDERAL IGBT
“ SANTA CATARINA

1. Freqiiéncias baixas (menor que 50 kHz);
2. Tensdes altas (> 500 V);
3. Poténcias altas (> 1 kW).

Capacity (W)

2

—

IGET Discretes

TO-247AC

Discrete

ULTRAFAST 420 iH2

IGET Discretes

TO24TAC

Discrete

ULTRAFAST 8460 kHz

IGBT Oiscreles

TO-247AC

Discrete

OC-1 k12 (STANDARD)

IGBT Discrates

TO-24TAC

Discrete

ULTRAFAST §-60 2

IGBT Discretes

TO-2204A8

Discrete

WARP 60-150 iHz

IGET Discretes

TO-220A8

Discrete

ULTRAFAST 1030 kHz

IGBT Oiscreles

T0-22048

Discrete

ULTRAFAST 10-20 kM2

IGBT Discrates

D29 ax

Discrete

ULTRAFAST 10-30 vz

IGBT Discretes

D2Pak

Discrete

Low-Voeon

IGET Discretes

TO24TAC

Discrete

Low-Vceon

10

¥

Power Control

HVDC, FACT . Motor Control

/

10"

[

10

10°

o*

3

10

SCR

10'

o[ I \/ “““““

Air—conditioner

10'

3

10
Operation Frequency (Hz)
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Quando usar IGBT:
1. Fregqiiéncias baixas (menor que 50 kHz);

2. Tensodes altas (> 500 V);
3. Poténcias altas (> 1 kW).

Family

A Y

Package

A v

Circuit

A Y

Switching Speed

A Y

—— e -

——

www.irf.com

VCES (V) VCE(ON) (V) IC @ 25C (A) IC @ 100C (A) PD @25C (W)

A Y

A Y

A v

A Y A v

IRG4PH30K (IGBT Discretes|TO-247AC|Discrete [ULTRAFAST 4-20 kHz |[1200 420 20 10 100
IRG4PC20U [(IGBT Discretes|TO-247AC|Discrete|ULTRAFAST 8-60 kHz |600 2.1 13 6.5 60

IRG4PC320S (IGBT Discretes|TO-247AC|Discrete(DC-1 kHz (STANDARD)|600 1.60 34 18 100
IRG4PC60U [(IGBT Discretes|TO-247AC|Discretel LILTRAEAST 2.60 kHz (600 2.00 75 40 520
IRG4BC30W [IGBT Discretes|TO-220AB [Discrete | WARP 60-150 kHz 600 270 23 12 100
IRGB30B60K(IGBT Discretes |TO-220AB | Discrete UL RAFAST 10-30«Hz (600 2.35 78 50 370
IRGB8BE0K (IGBT Discretes|TO-220AB |Discrete|ULTRAFAST 10-30 kHz (600 2.2 17 9.0 140
IRGS6B60K |[IGBT Discretes|D2-Pak  [Discrete|ULTRAFAST 10-30 kHz |600 1.80 13 7 90

IRGS14C40L|IGBT Discretes(D2-Pak  [Discrete|Low-Vceon 430 1.40 20 14 125
IRGP4050 |IGBT Discretes|TO-247AC|Discrete|Low-Vceon 250 1.90 104 56 330
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Package/Switching Voltage

300V

IGBT SINGLE / Soft Ultrafast <30kHz 600V
1200V

600V

Standard <1kHz

1200V

Fast 1-BkHz 600V

300V

IGBT SINGLE / Hard —
Ultra Fast 8-30kHz 600V

1200V

600V

Warp 30-150kHz

Soov

IGBT Co-Pack / Soft Ultrafast <30kHz 1200V
Standard <1kHz 600V

Fast 1-8kHz 600V

300V

IGBT Co-Pack / Hard Ultra Fast 8-30kHz 600V
1200V

600V

Warp 30-150kHz ——

Soov

www.irf.com
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60 B S - | 1 1
Eacbothe Tni r Wane: P—
Duty cydle: 50%
50 T4=125'C 1' A
Tsink* 20°C
Gate drive as specified
- Power Dissipation = 40W Jk Clamp voitage
E= 40 S S S S S SR
[=
)
|
(‘?; 30
e
B
S 20
10
0
0.1 1 10 100
f, Frequency (kHz)
c
Vces = 900V
s VcE(on) typ. = 2.25V
E @Vee =15V, Ic =28A
n-channel TO-247AC
L — e

www.irf.com
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Encapsulamentos:

INSTITUTO FEDERAL I GBT
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Encapsulamentos:

D-PAK
TO-252AA

TO-220AB
IRGB6B60K

IRGS6B60K

D?Pak TO-262
IRGSL6B60K

TO-220 FULLPAK

TO-220AR

TO-247AC

TO-247AC

SUPER - 247
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Dados de catalogo:

PD - 94443

IRG4PC60U

UltraFast Speed IGBT

International
TGR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR

Features 1S
* UtraFast Opimizad for high operating
frequencies up %0 S0 K=z In hard switching, Vces =800V
>200 kHZ In rescnant mode.
* Generaton 4 IGST design provices Sghter o VCEosyp =1.6V
paramelsr disTbution and higher eticlency. o
* IndusTy standare TO-24TAL packape. ¢ @Vge =15V, lg =404
n-channpel
Baneflta
* Generaticn 4 IGST's offer highes: eMclercy avallable
* IGET's optimized for speched appiicaion condiors.
* Designed for best performance when used wih IR
=exed & IR Fred companion dodes ] \\
TO247AC
Absolute Maximum Ratings
Parameter Max. Unils
Vs Colec-n-Eniliel Deshoowmn volsge 500 v
L@ Tee28C Comeuous Coleciar Cuttent %
La Tes 0T Comauous Cobecisr Conent 40 A
= Pubed Colecier Cuvent O 0
™ Canzed néuctse Losd Cutent d 300
Vs G- rr B Vol ge 420 v
Easey Reverss Vofsege Avabescte Eragy & 20 w
(Po @ Tee25°C | Nuckrun Power Dasisation 520 W
Po@ Te= 100°C | Nackrum Powaer Dasisation 2%
7 Cpatating Jusdion ane 5 B
Teve S2oenge Terrpataione Nasge c

FD S.94570

IRG4PC40UD

UltraFast CoPack IGBT

International
TSR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH
ULTRAFAST SOFT RECOVERY DICDE

lw‘ |-

* UlraFast Cptimized for high cperating Vees = 600V
frequendes 3~40 kHz In hare switching, >20C
&z In rescnant mode [ =

* Generation 4 IGET Cesign prowides tghter . VeEgm) e =1.72V

paramefer distrbuton and higher effdency than

Sodetng Tempesaiaie, B 10 secosds

00 (U OS5 (T B Yon cese )

Noumeg Digue, 632 of NI sciew 10 Ln (1. 18019)

Thermal Reslstance

Farameter TYp. Max. Unkc
TS ) — .24
[Fecs TR -5, P, Goeases SuRwon ¥ — CAN
) Junction-ie-Arrlsent, Hpcal sockst nount —-- )
wr Veanprt 8 {0.21) - § (o2)
wavif.com 1

Gereralicn 3 - EWNee =15V, | =20A
* \GET co-packaged with HEXFRED™ uiratast, ‘
ultra-soM-recovery antFoarallsl dicdes for use In n-channel
bricge corfigurations
* IndusTy stancard TO-247AC packape
Benefits s 2
* Genaration -4 IGST's otfer nighast efticiencies O
avyiatie \\
* IGETs cptmized for spechic appication condtions
* HEXFRED dodes cplmizad for perfiormance wih
IGET's . Mnimizec recovery characierisdcs requre
leszing srubbing
* Designec fo De a "drop-in” replacement for equivaient TO24TAC
rdusiry-siandard Generation 3 IR IGET:
Absolute Maximum Ratings
Farametar Max. lUnkc
Vs Colecw-t-Erriler Volsge £00 vV
Ic_e Tew28°C Contrucus Colecty Curent 40
Ic_e Te s WWUC | Comtrucus Colecy Curert 2
Potsed Collecize Comrest O 180 A
Chirped Isducive Load Cuvent @ 160
Chode Codruous Fooward Curest 1%
Coode Mackruem Forvad Cutient 180
Cate-te-Err e Vol 20 v
Maainare Power Dasization 160 W
(Fo gD Te e 100°C | Masiniee Powee Dssioetion a5
T, Opersliag Junction snd 45 4250
Tess Soage Tengensle Hange c
Schdeiing Terpesalore Ao 10 sec 300 (U0ES I (1 Bnn) Yon cese)
Mourag Tergue, 6-32 of N3 Soew. 10 B 111 )
Thermal Reslstancs
Parametsr Min. Typ. Max  |Unite
oo Jurctionte-Case - 1GET —_— _— oy
R Jurction-e-Case - Dode —_— —_— 17 oA
(Faes Case-S1i_M,_geiwes sutese — 024 —
R_._. Jusction-e-Arren! hypos socee! mount - e &
w We gt - &00.2) —_— @ loxy

ameT


http://www.irf.com/product-info/datasheets/data/irg4pc60u.pdf
http://www.irf.com/product-info/datasheets/data/irg4pc40ud.pdf

wrowme. BT X MOSFET x 1GBT

Tipo de comando
Poténcia do comando

Complexidade do
comando

Densidade de corrente

Perdas de comutagdo

MOSFET

Tensao

Minima

Simples

Elevada em baixas
tensoes e Baixa em
altas tensoes

Muito baixa

IGBT

Tensao

Minima

Simples

Muito elevada

Baixa para Média

BJT

Corrente

Grande

Média

Média

Média para Alta
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Calculo térmico:
- Objetivo de verificar a hecessidade de uso de dissipador de calor ou ndo.
* Modelo térmico:

R Rq Ria
T e }——
T T. . T4
P

T, = temperatura na jungdo (°C);

T. = temperatura na cdpsula (°C);

T, = temperatura no dissipador (°C);
T, = temperatura ambiente (°C);

R, = resisténcia térmica entre jungdo e capsula (°C/W);

R.4 = resisténcia térmica entre cdpsula e dissipador (°C/W));
R,, = resisténcia térmica entre dissipador e ambiente (°C/W);

P = poténcia dissipada no componente (W).
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ch Rcd Rda
. { e ——
T, T. . Ty
P
Rja = ch T Rcd T Rda
I -T

I —T =R _-P R =—1—=
J a ja ja P
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A capacitancia depende de:
- Dielétrico (permissividade);
- Area das placas;
- Distdncia entre as placas.
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C RSE LSE

——W——aa—*

Modelo equivalente do capacitor

Onde:
+ C = Capacitancia;
- RSE = Resisténcia série equivalente;
- LSE = Indutdncia série equivalente.

Perdas devido a RSE:

P=RSE-I°



. Capacitores

RSE

Ondula¢do da tensdo:

AV = RSE - Al

> -~
||||||||||||| - - TS
||||||||||||| -— | e

AO)
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Tecnologias de capacitores:
+ Filtro do retificador de entrada - Sdo empregados capacitores eletroliticos de alta tensdo e
grandes capacitancias;

+ Filtro de saida dos conversores - Empregam-se capacitores eletroliticos aluminio com baixa
RSE;

+ Circuitos de grampeamento (snubber) - Sdo utilizados capacitores com dielétricos de
polipropileno para regime intermitente de funcionamento.
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Capac
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SANTA CATARINA




Fusiveis de acdo lenta:
*  Vidro;

%

Resistores fusiveis.

*  Areiq; /\
*  Ceramica.
Fusiveis de agdo rdpida: /
*  Vidro; ‘
. Areia;

Ceramica.
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Termistor:
Resistor cuja resisténcia é sensivel a variagdo da temperatura.

R
~ 108
=
= 6
3 10
Q10
8§ O
2 107
S
8 1072
(¥
2107 >

—100 0 100 200 300 400
Temperature (°C)
(a)
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Conversores ca-cc:

- Retificadores e filtro capacitivo.

o—d\_o—L
AC Fuse *
Input N
—~Cboc Rsn
/" Bridge
| Diode
N
FSQ500L —
WM
T Rsense%
41131
FOD817A " [Vrg [Vec [GND
\ —
\ CB Ca

FODSA7A f_/J!)

§ Rbias

ke

L 2

KA431 &

-

i
[

W

-
2R
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