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Nesta aula

Semicondutores aplicados a conversores CA-CC (diodos):
Introducao;

Caracteristicas dos componentes ideais;
Caracteristicas dos componentes reais;

Perdas no diodo;

Calculo de dissipador de calor.

bW =



Quadrantes de conducao de semicondutores

Operacio em um guadrante

+ Diodos (bloguelo reverso)
+ SCER (blogueio direto)

#+ Tranzistor Bipolar

+ IGET

Operacio em dois quadrantes
com tensio hidirecional

+ SCE (blegueio direto 2
Teverso)

+ Transistor Bipolar + diedo
em 38Tle

Ll ¥ L]

Operacio em dois quadrantes

com corrente bidirecional

*
*

*

*

MOSFET

SCR + diodo em anti-
paralelo

IGET + diodo em anti-
paralelo

Transistor Bipolar + diedo
em anti-paralelo

Operacio em quatro

guadrantes

+ Arranjo de diedos com

transistores bipolares

http://www.dee.feis.unesp.br/gradua/elepot/principal.html




Semicondutores para eletronica de poténcia

Semicondutores utilizados em eletronica de poténcia:

* Diode
* Thyristor or silicon-controlled rectifier (SCR)

" TI-”.H: | Power semiconductor devices |

* Gate turn-off thyristor (GTO) j
2-terminal devices 3-terminal devices

* Bipolar junction transistor (BJT or BPT)

L [ | | I |
* Power MOSFET [Trtow | [ v | [romiser]| [“rer |[ e |[ s | [ e
. E[ﬂ[": |I1dUCIiG]1 r]'ﬂl'l"ill"’r[ﬂf [S[I) Minority carrier devices Majorily(:;;;rdevices Minority-c\a%rdevices

* Insulated gate bipolar transistor (IGBT)
* MOS-controlled thyristor (MCT)
* Integrated gate-commutated thyristor (IGCT)



Semicondutores para eletronica de poténcia
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Semicondutores para eletronica de poténcia




Diodo ideal e real

1F

Exemplo: Diodo SKN20/08
* Vixry =800V,
* Vi10)=085V,
* =11 mQ;
* IDmed =20 A;
+ 1z =0,15 mA.
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Caracteristica estatica



Comutacao — Caracteristicas dinamicas

Bloqueio
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Primeira etapa de comutacéo Segunda etapa de comutacéo




Comutacao — Caracteristicas dinamicas

Bloqueio

cio

Vi




Comutacao — Caracteristicas dinamicas

No bloqueio do diodo (comutacao critica): Bloqueio
di. E . o
i a—— Derivada da corrente depende da indutancia
dt L
7
t ~ SQI‘I’ .
= di / Tempo de recuperagao reversa
F
dt

~ \/(EQ” C:jij Corrente maxima devido a recuperagao reversa
t

3



Comutacao — Caracteristicas dinamicas

Diodos de carbeto de silicio (silicon carbide):

Diminuem acentuadamente o fendbmeno da recuperacao reversa.

ks

I forward
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Change of state (on — off)

/ required at t =

Pl

Desired response
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Comutacao — Caracteristicas dinamicas
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Fig. 5. Typical reverse recovery waveforms of the 54 pn and 51C Schotiloy
diode for three different forward currents (2 Aldiv).

http://powerelec.ece.utk.edu/pubs/pels letters SiC _june 2003.pdf



Comutacao — Caracteristicas dinamicas
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Fig. 8. A size comparison of an 80-kHz PFC front-end buift with 5i
rectifiers (left) and a 200-kHz PFC front-end with SiC rectifiers.
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Comutacao — Caracteristicas dinamicas

Entrada em conducéo




Perdas nos diodos

Classificacao das perdas:
1. Conducao;

2
P :V(TO) . IDmed + 17 IDef

2. Comutacao:
 Entrada em conducao;

P, =0,5(Vep =V )1, -ty - f

0]

« Bloqueio.
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Caracteristicas importantes

MAXIMUM RATINGS

P . . . t ’, t . Rating Symbol Value Unit
rnci pal S caracteristicas. Peak Repetitive Reverse Voltage VeRM 200 W
A I . Working Peak Reverse Yoltage Y
1. Tensao de pico reversa; e B e W
2. Queda de tensao d|reta; Average Rectified Forward Current IFizn 30 A
3 C t d . iRated Vg, Te = 158°C)
- orrente de pICO’ Feak Repetitive Forward Current lFrm 6.0 A
LA~ (Rated Vg, Square Wave,
4. Corrente média; TR
5_ Cor en le = f|CaZ, Non-Repstitive Peak Surge Current lesm 75 A
. (Surge Applied at Rated Load
6. Tempo de recuperacio reversa. | Condiions Halfwave, 60 Hz)
Operating Junction and Storage Ty Taeg | -65t0 +175 “C
M u RD32 o Temperature Range
THERMAL CHARACTERISTICS
Rating Symbol Value LInit
Thermal Resistance - Junction-to-Case Rojc & “CINW
Thermal Resistance — Junction—to—-Ambient (Note 1) Raaa a0 “Cw
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage Drop (Note 2) Ve YVolts
lip =3 Amps, T, = 25°C) 0.95
(i = 3 Amps, T, = 125°C) 0.75
Maximum Instantaneous Reverse Current (Mote 2) i nA
(T, =25"C, Rated dc Valtage) 5
(T, =125°C, Rated dc Voltage) 500
Maximum Reverse Recovery Time tr ne
(Il =1 Amp, dildt = 50 Ampsfus, Ve =30V, Ty = 25°C) 35
(l-=05Amp, ig=1Amp, lgec =0.25 A, Vg = 30V, T, = 25°C) 25




Caracteristicas de diodos comerciais

Tipos de diodos de poténcia:
1. Standard and fast recovery;

. Ultrafast rectifiers;
. Ultrasoft rectifers;
. Silicon carbide (zero recovery).
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Caracteristicas de diodos comerciais

1N5400 thru 1N5408

15404 and 1MN5406 are Preferred Devices

Axial-Lead Standard
Recovery Rectifiers
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Caracteristicas de diodos comerciais

MURD320

RATED VOLTAGE APPLED
Pl Hm,: = DD,'.IF‘II ]

6.0 \ \\

a0
SINE WAVE

40 OR N
SQUARE WAVE \ N\
3.0 N

Preferred Device

SWITCHMODE "
Power Rectifier

DPAK Surface Mount Package

IFjav), AVERAGE FORWARD CURRENT [AMPS)

ULTRAFAST RECTIFIER de
3.0 AMPERES, 200 VOLTS 0 Ty=175°C
1.0
0

100 110 140 130 14 150 16D 170 180
Te, CASE TEMPERATURE (°C)

ELECTRICAL CHARACTERISTICS

Maximum Instantaneous Forward Voltage Drop (Mote 2) = Wolts
g =3 Amps, T; = 25%C) 0.95
(i =3 Amps, T, = 125°C) 0.75

Maximum Instantaneous Reverse Current (Mote 2) im A
(T, =25"C, Rated dc Voliage) 5
(T, =125"C, Rated dc Voltage) 500

Maximum Reverse Recovery Time tr ns
Iz =1 Amp, di'dt = 50 Ampsis, Ve =30V, T, = 25°C) 35
lz=05AmD, ig=1AmMp, lggc =025 A Vg=30V, T,=25"C) 25

http://www.onsemi.com



Caracteristicas de diodos comerciais

MSRD620CT

SWITCHMODE "

Soft Ultrafast Recovery
Power Rectifier

ELECTRICAL CHARACTERISTICS

SOFT ULTRAFAST
RECTIFIER
6.0 AMPERES, 200 VOLTS

Rating Symbol Value LInit
Maximum Instantansous Forward Voltage (Wote 1) {(See Figure 2)  Per Lag Ve T,=25C | T,=150°C N
fle =3.0 &) 1.15 1.05
Maximum Instantansous Reverse Current (See Figure 4) Per Lag g T,=25°C | T;=150°C T
(Vg =200V) 5.0 200
[-.__.-'Hz 1|:||:| "-J'.:I El:l 1':”:'
Maximum Reverse Recovery Time (Note 2) Fer Leg br ns
(Vg =30V, Iz =1.0 A, difdt = 50 Alus) 45
1
(We =30V Iz=3.0A, diidt=250 Alus) o
Maximum Peak Reverse Recovery Current Fer Leg IR A
(VR =30V, Ig =10 A, didt=50 Alus) ig

(Wr=30V. Ig=3.0A, diidt=>50 Alus)

http://www.onsemi.com




Caracteristicas de diodos comerciais

P e =y =
LY
@ [ % \
C2D20120D-silicon Carbide Schottky Diode V,.,—1200 V
/ERO RECOVERY® RECTIFIER I =20A
Q. =122nC
Features Package
= 1200-Volt Schottky Rectifier
= Zero Reverse Recovery http://www.cree.com
= Zero Forward Recovery
= High-Frequency Operation
= Temperature-Independent Switching Behavior
= Extremely Fast Swtitching

Positive Temperature Coefficient on V,

Benefits

« Replace Bipolar with Unipolar Rectifiers PIN 1 O——pf——
 Essentially No Switching Losses

= Higher Efficiency PIN 20 O CASE
= Reduction of Heat Sink Requirements PIN 30 i |

= Parallel Devices Without Thermal Runaway



Caracteristicas de diodos comerciais

- I Vi Wienia lppis = 6.7 & [maxirmum value for continucus op=ration)
.L‘F‘ | v " leay = 3 A fsin. 180; T, = 90 °C)
| | | | | 1003 1000 SE 310
1200 1200 S 312
i 1400 1400 SK 314
1600 1600 SE 316
|| | h}l | - L Symbol |Conditions Valuss Units
| Irﬂ!‘ sin. 180; L= 10 mm; T, = 86 {100} "C 32T A
- - | T, =26 "C; 10 m= 180 A
Axial Lead Diode Ty =160 °C: 10 ms 160 A
t T“ =26"C; 8.5 . 10ms 162 Al
HECﬁﬁEF Diﬂde Tyq= 160 "C; 83 . 10 me 1125 A’z
Wi T“-EE'I:; lp =10 A max. 1,2 W
Voo T,=160°C max 0,85 W
T Ty=160"C max. 30 ik
SK 3 lngs T, = 160 "C; Vg = Vippeay max. 0,6 mA
= T-.., = 160 "G - dighdt = 10 Adps; | = 10A 26 uC
Ftﬂ-n-': L= 10 rrirr 18 Al
Rnal PCE B0 x 80 mm &0 KW
T-q -40 . = 1ED “C
Tl_h -40 . =160 "z
Tes . 10 = L= B, 260 "G
Features — - -
= Reverse voltages t_.lp_tu 161_30 W = ™ B~ o8l mis3
. Avadlale with formedleads on | [T ! :
= Avala £d ieads an Case 1600 diodes per resl Eas
reguest
« Flastic material used carmies
Underwnter Laboratories
flammability classification 34V-0
Typical Applications http [/www.semikron.com

= All-purpose rectifier dicdes



Caracteristicas de diodos comerciais

1N 5820...1N 5822

3 I

|

| ==
e -

| N
2 II =
i .
]

- ¥

|

l-i-iE 2
A

Axial lead diode

Schottky barrier rectifiers
diodes

1N 5320...1H 5822
Forward Current: 3 A
Reverse Voltage: 20 to 40 V

Features

« Max. solder temperature: 260°C

» Plastic material haz UL
classification 94V-0

Mechanical Data

» Plastic case DO-201

« ‘Weight approx.-1g

« Terminals: plated terminals
solderable per MIL-STD-750

= Mounting position: amy

» Standard packaging: 1700 pieces
per ammo

Type Repefitive peak Surge peak Max. reverse Max.
reverse voliage reverse volfage recovery fime foraard
voltage
l-=-A
,=-A
lam = - A
Vepy Vaau ty
v v ns W
1M 5820 20 20 - 0,85
1N 5821 30 ] - 0,50
1M 5822 40 40 - 0,35
Absolute Maximum Ratings T, =25 °C, unless otherwise specified
Symbol |Conditions Values Units
I Max. averaged fwd. current, R-load, T, = 50 °C 1 3 A
— Repetitve peak forward current f > 15 Hz™ 15 A
- Peak forward surge current 50 Hz half sinus-wave 3 100 A
it Rating for fusing, t =10 ms ® 110 Ats
Pl Max. thermal resistance junction to ambisnt 25 KW
Rgr Max. thermal resistance junction o terminals ™ 8 KW
T, Operating junction temperature -A0..+150 -
T, Storage temperature -B0..+175 -
Characteriztics Ty =25 °C, unless otherwize specified
Symbol |Conditions Values Units
I Maximum leakage current, T = 25 *C Vg =Vgpy, <2 mé
T, =100 "5 Ve = Viapy <20 mé&
C, Tymical junction capaciance pF
(3t MHz and applied reverse voltage of V)
aQ, Reverse recovery Charge pC
{Up =WV 1z = AL difat = Alms)
Erzu Non repefitive peak reverse avalanche ensrgy .l
{lg=mA; T, = *C; inductve load switched off)

http://www.semikron.com




Calculo térmico

Calculo térmico:
« Objetivo de verificar a necessidade de uso de dissipador

de calor ou nao.

* Modelo térmico:

R1':' R.:d R—dﬂ
— " }+———" }+—
Tj Tq: — Td Tﬂ
P
* T, = temperatura na jungao (°C); ‘ “
* T, = temperatura na capsula (°C); ‘ “

* T4 = temperatura no dissipador (°C);

* T, = temperatura ambiente (°C);

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

* R4 = resisténcia térmica entre capsula e dissipador (°C/W);

* Ry, = resisténcia térmica entre dissipador e ambiente (°C/W);
* P = poténcia dissipada no componente (W).




Calculo térmico

R_i-': Rcd
— }—— 1]
T T.
P
Rja — ch + Rcd + Rda
T.-T,
T.-T,=R,-P R, =-
P




Calculo térmico

Exemplo:
* Determinar o dissipador necessario:
« Diodo MSR15660;
» Corrente média = eficaz = 10 A;
» Temperatura ambiente de 35 °C;
« Considerar R4 =1 °C/W;
« Considerar apenas as perdas por conducgao.
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