4. prednaska 2005
Diody

Bipolarni
* nosiCe naboje oboji polarity
* p-n prechod

Unipolarni
* nosice naboje jedn¢ polarity
* prechod kov-polovodic




Prechod kov-polovodic
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Po ,,spojeni‘ musi nastat termodynamicka rovnovaha =
—> nejvyssi obsazené elektronove stavy jsou na stejné€ energet. urovni
— Fermiho hladina musi byt na stejné urovni v kovu 1 v polovodici



Prechod kov-polovodic

termodynamicka rovnovaha
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Prechod kov-polovodic

termodynamicka rovnovaha
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V rovnovaze existuje na prechodu kov-polovodic
Oblast Prostorového Naboje (OPN).

OPN udrzuje mnohem vétsi koncentraci elektroni v kovu
oproti polovodici nutnou pro zajisténi W (x) = konst.



Prechod kov-polovodic
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Prechod kov-polovodic
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Prechod kov-polovodic

Koncentrace minoritnich nosicu je zanedbatelna. =
O vlastnostech rozhoduji jen majoritni nosice.

= predpoklad velmi dobrych dynamickych vlastnosti

(dioda nevypina az kdyZz nosi¢e zrekombinuji jako v piipadé p-n pfechodu)
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Prechod kov-polovodic
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Prechod kov-polovodic
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Prechod kov-polovodic

PROPUSTNY SMER

Schottky
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Prechod kov-polovodic
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Walter Schottky>

Schottkyho dioda c

Bardeen, Brattain
Usmérnujici E F Ohmicky
kontakt kontakt

KOV ¢ N N* ¢ KOV




Schottkyho dioda
Usmérnujici Ohmicky
Skoeltltakjt ) D-I- kontackty

KOV¢ N N+ ¢KOV

Schottkyho jev: pokles"§y§ky bariéry s rostouci intenzitou el. pole =
mala hodnota Ugg,, pro Si



Schottkyho dioda

S1

‘ 1 AMP SCHOTTKY BARRIER RECTIFIERS I

FEATURES
# Netal semiconductor pmction with guard ring
# Epitacdal Construction

ot 75>

« High current capacity
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MECHANICAL DATA
& Case! JEDEC DO-41, miobded epoxy (LWL Flammabdity Rating 94V-0)
s Terminals: Plated axdal keads

e Sokdering: Per MIL-5TD 202 Method 208 guaranteed

MECHANICAL
ACTUAL SIZE OF
DO-41 PACKAGE
DO -41

SPECIFICATION
SERIES 1N5817 - 1N5819
LL
BD (Dia) — L
BL
Color Band
Denotes —'H
Cathode
LL
LD (Dia)




Schottkyho dioda

S1

LHCAL CHARACTERISTICS

MOTES: 1] Laisnd bervipeesiims paksnamies i st Bsd 1052 in firom o,
07) Measzunsd s IVBHT & sppiad neverss woltange of J walis

ALy T f_____:-__'
E 10.0 el ot gfﬁ
J’f '_.f' I.i'
g I f/?_‘!'
;i ,o// o SYMBOL
Hi NOTE 3 ol
7 ol
1] msea VRaM 20 30 40
gL o 1
01 03 05 0.7 08 1.1 13 15 AMPS
=M 25
Instantancous med"ﬁultage{"ﬁulﬁ]
Werima Forward Volage 41 Amp DG vm |_os | om | oo |
Maximum Forward Voltage at 3 Amps DC VEM 075 0.875 0.9
Maximum Average DC Reverse Current @TL= 25¢ 1 -
At Rated DC Blocking Voltage (Note 1) @ TL=100"C IRm 10
Typical Thermal Resistance, unction to Ambdent Reua 80 "GV
Typical Junction Capacitance (Note 2) CJ 110 pF
Junction Operating Temperature Range TJ 55 to+125 oc
Storage Temperature Range Ts1G 55 to +150 ]
A1



Schottkyho dioda

Infineon

SDT02S60

I Silicon Carbide Schottky Diode thinQ!™ SiC Schottky Diode

« Worlds firschottky diode

» Revolutionary semiconductor

Product Summary

material - Silicon Carbide VRRM 600 [V
* Switching behavior benchmark Qc 4.6 nC
« No reverse recovery Ip 2 A
» No temperature influence on P-T0220-2-2.

the switching behavior
>
» No forward recovery "




Schottkyho dioda SiC

Maximum Ratings, at T;=25 "C, unless otherwise specified

Parameter Symbol Value Unit
Continuous forward current, T-=100°C Ie 2 A
RMS forward current, =50Hz IERMS 2.8

Surge non repetitive forward current, sine halfwave Iegp 4.1

Tc=25"C, t,=10ms

Repetitive peak forward current IERM 7.3
T;=150°C, Tc=100°C, D=0.1

Non repetitive peak forward current IEmax 17

{,=10ps, Tc=25°C

i2t value, Tp=25°C, t,=10ms [2dt 0.08 AZs
Hepetltwepeakreversemltage .............................................

Surge peak reverse voltage VRsm 600

Power dissipation, T-=25°C Piot 15 W

Operating and storage temperature T\ Teiq -55... +175 °C




2.5

1.5

0.5

L/
S ottkyho dioda Sic
;‘;E‘;C :“““H =25 °C, unless otherwise specified
AN, Symbol Values Unit
7 min. | typ. | max.
- & 1.75 2
™ |
- o 2.2 2.6
) ry—
J In as LA
"5.5 1 1.5 2 2.5 3 Y 4 - ? 100
—w VF - 30 500
AC Characteristics o '0‘
Total capacitive charge Q. - { 4.6 : - |nC
VR=400V, [=2A, dig/dt=200A/s, T=150°C - o
Switching time " - n.a. - ns
VR=400V, [£=2A, dig/dt=200A/ys, T=150°C
Total capacitance C .r‘- 2R pF
Ve=1V, Tc=25°C, =1MHz - | 50 T -
Vr=300V, Tp=25°C, =1MHz - o] 5.2 S
VR=600V, Tp=25°C, =1MHz - ‘q 5.0 J{' -
'a 0.



RoCKWELL
SCIENTIFIC

Schottkyho dioda ~
)

Sch1200_7P5

1200V SiC SCHOTTKY DIODE

Description:

First generation SiC Schottky  diode from RSC
utilizes advanced processing techniques to achieve
zero reverse recovery and benchmark switching
behavior,

Package PIN 1 PIN 2 PIN 3
['0220-3-1 n.¢ C A

Ve

lg=7.5A T, =25 Diode forward Voltage|2.102.12| 217 | V
lg=7.5AT,=150°C 2.72

lr

Ve = 1200V T, = 25°C Feverse Current 411 5.0 10 | pA
Vg = 1200V T, = 150°C 25

Operating and Storage 55| 15 1175 | ¢
[Temperature




Schottkyho dioda

Current (A)
S S MW RS~ @D

1 1.5
Voltage (V)

2

2.5

. . , . . - v P
Fig. 1 Typical Forward IV of a 3.7mm~ SiC

Schottky Diode.

T ROCKWELL
SCIENTIFIC

Sch1200_7P5

1200V SiC SCHOTTKY DIODE

——Diode Voltage (V) =Diode Current (A)
350 5
300 1,
250 -
< 200 T3
} —
a 150 \ 2 <
} (]
100 1,
50
S e i e e i s et T
0 e (]
-50 -1
0 0.2 0.4 0.6 0.8 1
Time (u3)
Fig. 3 Typical Reverse Recovery Wavelorm of

3.7mm” SiC Schotiky Diode.



Schottkyho dioda

OIXYS

DGS 20-018A
DGSK 40-018A

Gallium Arsenide Schottky Rectifier

Visu Ve Type
v v
180 180 DGS 20-018A
Vs Voan Type
v v
180 180 DGSK 40-018A

Single

Common cathode

IFﬁM — 23 A
ICdumc:ti{:-n = 33 pF

—_

ﬁ-@-& T0-220 AC c‘
AT } cran)

—— — ———— — ]

& = anode, C = Cathode |, TAB = Cathode

TO-220 AB 4 u‘ "
C e

5 *C (TAB)




Schottkyho dioda

Maxipaym Ratings

)

0 Hz), sine

<y

30

i?f

-99...+175
-55...+150

48

L Ty =
125°C
01 J [~ 25°C

0.4..0.6

0.01
0.0 0.5 1.0 15 WV 20 Characteristic Values
Vi —t typ. max.

Fig. 1 typ. forward characteristics - 20 mA

Tw = 125_[3 .I'u'rn = 'l'u'rl:":"ﬂ 2.0 ma
UF ||: = ?5 JGI., Tw = 12506 C'B .Ilu'r

||:=_|'I.5 .lﬂ'L: Tl.mz ES_C 0.8 .I'v'r
CJ 'l'u'rn =100 1'u'r T'.,l'J =125°C a3 DF
Riic 3.1 KN
chCH 0.5 H"qlnlﬂ'ir
Weight 2 q

Fulse test: @ Pulse Width = 5 ms, Duty Cycle = 2.0 %

Data according to [EC 60747 and per diode unless otherwise specified

GaAs

Features

« Low forward voltage

« Very high switching speed

« Low junction capacity of GaAs
- low reverse current peak at turn off

« Soft turn off

« Temperature independent switching
behaviour

« High temperature operation capability

« Epoxy meets UL 24V-0

Applications

« MHz switched mode power supplies
(SMPs)

* Small size SMPs

* High frequency converters

* Resonant converters




Vlastnosti Schottkyho diod

Vvyhody:
* maly U (0.25V) pro malé€ proudy a malé hodnoty Uggy, (S1)
 zadné zavérne zotaveni = rychlé vypinani

Nevyhody:
* velky Ug pro velké proudy a vySsi hodnoty Ugry (S1)
* nizké hodnoty Ugpy (typ. do 200 V u kiemiku)

ags

Prechod k materialim s vétsi Sitkou zakazaneho pasu:
GaAs, GaP, SiC
Ugrm ~ 600V, 1200 V, ......
Ug~1-2V
vyS$S§i provozni teploty




Aplikace diod

Usmeérnovaci - pro vieobecné pouZiti (general-purpose)
- s rychlym zotavenim (fast recovery)

Z.enerova - stabilizace napéti (zdroj ref. napéti)
Varikap - ladici obvody, VCO, ...
Varaktor - nasobeni kmitoctu ...

Optoelektronické soucastky:
LED (Light Emitting Diode)
Fotodioda (Photodiode)




Jednopulzni usmérnovac - Single wave rectifier

PLECHY

vyst

PRIMARNI VINUTi || | SEKUNDARNI VINUTI

TRANSFORMATOR




Sitovy transformator napéti

¢ | S \\
_ ) sekundarni vinuti

primarni vinuti



Jednopulzni usmérnovac - Single wave rectifier

1

Diodou tece proud, az kdyz u, prekro¢i U
nabiti na hodnotu Uy vyzaduje: u, = (U, + U /\&

™o
»
.

*

+ Ug!!! (U = prahové napéti)



Jednopulzni usmérnovac - Single wave rectifier

Dioda je v zavérnem smeéru namahana napetim u, + U = Ugpy> Wy + Ug




NEJHORSI PRIPAD ZAVERNEHO NAMAHANI DIODY

u2max + Uss

P

Us max §S

Dioda je v zavérnem smeru namahana napétim u, + U = Uggpy> Wy + U




Jednopulzni usmérnovac - Single wave rectifier

1p
—_— >

l é“é Fl it

o

N u2max




ZvInéni jednopulzniho usmérnovace — voltage ripple

1

DI u2

0 Dl— 1

D v

uy || ]/“z C:\LUSS R

N u2max

0 <

Definice zvinéni:

Uy ;
100  [%]
U

SS

S
|



ZvInéni jednopulzniho usmérnovace — voltage ripple

1p u, N Ymax )
o D' ® 0
IV's
D v -

A
. || l S T i I S L
1 —— ss \ . .
i 0'/ “ — j: t >
v DA At
o ®
Urpm :

C-Au = QO = 1 At

--------
-------------------------------------------------

Empiricka volba At =16 ms pro jednopulzni usmérnovac
Empiricka volba At = 8 ms pro dvoupulzni usmérnovac

Empiricka volba At = 8 ms pro mustkovy usmérnovac



ZvInéni jednopulzniho usmérnovace — voltage ripple

N u2max

Bt - 1
)
U
= %.100 [%] C-Au = =
USS L [ O] 11/1 Q vyst
.......................................... U
) K -1 t
p — = [%9 S, I’I’ZA, ’UF’ V]
C ) USS




Navrh jednopulzniho usmérnovace - priklad

_b g
o D' ’ - Zadani: U= 12V
D \ 4 g p < 1%
|| l _l L. =100 mA
u 2 c==|U, R vys

V
O ®

Mezni parametry diody:

Ipav > Loyt = Igayv > 100 mA

Upent > Wy + Uy = Upgy > (12 +0.7) + 12225V

g

Volba diody z katalogu




Navrh jednopulzniho usmérnovace - priklad

D I
B— 1 Zadéni: U = 12V
D vvySt p < 1%
|| l _l [, =100mA
u, 2 ( Uss R VYS
V
@
p = AL [%; s, mA, uF, V], K =600
C ] USS b b 9 9 9 °

K-I,, 600-100

=5000 uF =5G
p-U_ 112

Volba kapacitoru: C=5G, U, =12V



Mistkovy usmérnovac — Bridge rectifier




Miistkovy usmérnovac — Bridge rectifier




Miistkovy usmérnovac — Bridge rectifier

I.

D1 D2
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Miistkovy usmérnovac — Bridge rectifier

t

US

Ipay = Ligst /2

Urrm = vast

S

s,mA, uF', V], : K =300.

.
g L 4
0‘ .0
L 4 *
L 4 L 2
 J
] |
[ | a
|
| ]
L ]
\J L
g L4
Q’ ’0
L 4 4



Dvoupulzni usmérnovac — Full wave rectifier




Dvoupulzni usmérnovac — Full wave rectifier




Dvoupulzni usmérnovac — Full wave rectifier

Ipy >




Dvoupulzni usmérnovac — Full wave rectifier

iD2 .

N

_lUS S

D1

C

o

Ipav = Ivyst /2

Ugrm = 2xU

vyst

\l/u21
Uy

s,mA, yuF, V1, i K =300.
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Napajeci zdroj

stabilizator

transformator usmeérnovac filtr
O_
AR D L
O—
Obvykle byva zadano:

* Vystupni napeti U, (V)

* Vystupni proud [, (A)
 Kolisani vystupniho proudu Al
 ZvInéni vystupniho napéti p (%)

(mA)

vyst

zatéz

|

U

| = IV}’/st

|

vyst



Napajeci zdroj - priklad

transformator usmeérnovac filtr stabilizator zatéz
—1 .
O— | —" TVvyst
AR B L Iy
O— || |
UV}’/st
Zadani:
* Vystupni napéti U, =5V
* Vystupni proud [, = 1A

* Kolisani vystupniho proudu Al = 100 mA
 ZvInéni vystupniho napéti p < 0,5 %
e zat¢z nebude odpojovana




Stabilizator R, I, L= 1A=0.] A
— _» .
o wh l U5V

I, =120mA

100mA 100mA

I

Zmax

I (mA)
Volba Zenerovy diody:

U,, =5V
I,p = Al + rezerva = 100 + 20 = 120mA

Izpmax = Izp T Al = 120 + 100 = 220 mA
= Vstupni proud: [, =1, + L, =1+0.12=1.12 A

vyst



Stabilizator R, I, [y =1A0.1A
— —_—

W [uwsv

Volba rezistoru R;:
Jjako kompromis mezi malym Py, (W) a velkym cinitelem stabilizace ZD

Volime napt. Uy, =3V =

R, =Ug /Ix;=3/12=25Q—>27Qzrady E6
Vypocet ztratoveho vykonu:

P, =U?/R;=9/2.7=33 W — volime 2.7 Q / 5W




Stabilizator R, I, [y =1A0.1A

ﬁ#

W [uwsv

Vstupni nap€ti stabilizatoru:
U =U, TUy =U, +tRXx[[=5+2.7x12=8.24V

vyst vyst

ZvInéni vystupniho napéti:
p<0.5% U, =(0.5x5)/100=25mV

vyst



Stabilizator R,

U,=U,, + Uy =U

vyst V}'/st

“
o
.
.
.
.
.
.
.
.
.
.
o
.
.
o
o
o
o
.
.
.
o
.
.
.
.
.
.
.
.
.

ZvInéni vystupniho napéti:
p<0.5% U, =(0.5x5)/100=25mV

vyst

Cinitel filtrace stabilizatoru:
Stabilizator snizuje zvinéni vstupniho napéti u, (filtruje) v dusledku
déliciho poméru R, a R ;;;pro sttidaveé napéti =
¢d=R, +T Ry /Ry =(2.7+2)/2=2.35

Maximalni zvlnéni na vstupu muze byt u; = ¢p-u = 2.35x 25 = 59 mV



Filtr —

snifssnannninunnns

g
ey
"ay
S EssasssssmsssEnns sEEmmEEEsEESEEEEEEEEa,
EITLLL .

Vychazime ze zvinéni na vystupu usmérnovace,
predpokladame £ = 100 Hz (mustkovy usmérnovac).

K.]vst
0; Sam ,,Ll 9 ’ — .
- Uy [ A, uF, V], K =300

S
1

Odhad: volba C =3G, U, =24V =
p=(300-1120) / (24 -3000) = 4.7 % =



Filtr

S
1

LR EEEEEEEEEEENEN
e llllllllll-llllllllll
AEmm sEEEEEEEEE

*
.*

\d
IS e
.
*
.

K-1 vyst 0/ .
C-U [A)’ ngA,,UF,V],éK:

Odhad: volba C =3G, U, =24V =
p =(300-1120) / (24 -3000) = 4.7 % =

—zvInéni na vstupu u, = 4.7 24 / 100 = 1.128 V,
které musime snizit ¢-krat: ¢ = 1.128/0.059 = 19.1




1.12A

Filtr —

4V R 1 8.24V_ R
e - U, \112 I oF— l D |:|

59mV~

U

—> zvInéni na vstupu uy =4.7 -24 /100 = 1.128 V,
kter¢ musime snizit ¢-krat: ¢ =1.128 / 0.059 =19.1

Ugp, =24-8.24=1576 V=
R,=Ug, /1;,=15.76/1.12 =14 QO — 15 Q z fady jmen. hodnot
Pp, =R, - 2=15-(1.12) =188 W =R,: 15Q /25 W

Cinitel filtrace RC filtru: ¢ = - C, - R, =
=C=¢/Q2-ntR)=19.1/(2- 1~ 100" 15)=0.002 F = 2G/35V

Vstupni ss napéti filtru:
Up=Ug, + U =R,- [, +U;=15-1.12+824=25V




Cinitel filtrace b = U

RC filtr

&S
———
7~
@)
II
|
[
G
<
\®)

R /oC

RZ+1

_ _ oC ~ . p.
¢ B uz_ RZ/CI)C =o-R-C

R +1/0C

R+




Cinitel filtrace b = U

LC filtr R

wL + Rz/a)lC
y R_+
b= T Rrec TEIC S hod
, ]

R +1/0C



uef

Usmeérnovac

C_ 1.12A 1.12A
— —
= 15
BN R, o |]s2ve g,
1:12 mV~ , (1} 50mV~ 7D
0
Ul

Jiz jsme zvolili C =3G/35V (U, =25V)
u,=(Us+2U)/V2=(25+2-:0.7)=18.6 V

Volba diod: usmériiovaci pro vieobecné pouziti

Lpay = Ly /2= 1.12/2=10.56 A
Upgat = (Ut 2°Up) = (25 +2-0.7) = 26.4 V

|I_I|



Celkove schema zapojeni

C_ 1.12A 1.12A

—_—
< 15
230V M 25 R, C, = 8.24V_ R,
50Hz Uet| | lis.6V = [1128mV~ , é} 50mV~ ZD
Uy
U,

Transformator

Zadan¢ parametry:
Primarni napéti u, = 230V
Sekundarni napéti u, = 18.6 V

Ptenaseny vykon P = (U+Up) ‘1, (= (25+1.4)-1.12=29.6 W

vyst




Celkove schema zapojeni

C_ 1.12A 1.12A
—_—
230V M 25 R, — 8.24V_ R,
50Hz Uet| | lis.6V = [1128mV~ , é} 50mV~ ZD
u R
0 —
Ul
Transformator
Vypocten¢ parametry:

Prufez stfedniho sloupku = volba EI plechu
Pocet zavitu a prumér smaltovanych médénych vodicu primaru
Pocet zavith a primér smaltovanych médénych vodiciu sekundaru



Zdroj napéti — soucasny pristup

C_ 1.12A 1.12A
— —p
o 15
230V 235 ]}{2 — 8.24V_ l{1
50Hz U, 18.6V =—]1128mV~ , (1} 50mV~ 7D
u
0
U1

r-____ﬂ

Input MCT8XX Output
| - —

- Cat .
To-220- 0.33uF | T

CASE 2214

ON Semiconductor”

http://onsemi.com

Heatsink surface
connected to Fin 2. -

A common ground is required between the

DZPAK-13 Fin 1. Input input and tlje -::utput 'x-'-}ltayeg. The input voltage
02T SUFFIX 2 Ground must remain ’r;.-'p|.-:all*,-' 20V ap-:-w: the -3%|t|:-|.|t
1 CASE 936 3, Output voltage even during the low peint on the input
i ripple voltage.
o
Heatsink surface (shown as terminal 4 in XX, These two digits of the type number
case outline drawing) is connected to Fin 2. indicate nominal voltage.

* Cip is required if regulator is located an

DPAK-3 appreciable distance from power supply
1 DT SUFFIX filter.
CASE 3694
3

ke

T is not needed for stability; however,
it does improve transient response. Values
of less than 0.1 pF could cause instability,




Zdroj napéti — soucasny pristup

| ' MCTEXX
|
230V L — —-J
I
50Hz — W
E{]H
0.33uF
o
MAXIMUM RATINGS (T, = 25°C, unless otherwise noted.) . _ -
Rating Symhbel | Value | Unit MC7800 jsnjm i,m
Zame
Input WVeltage (5.0 - 18 'V) W) 35 Ve il el <79
(24 40 ,J L0198 Task
— - NP a0
Fower Dissipation e e CHPH
Q10 ™ 1
Case 2214 (TO-220-3) L aneN phs
Ty = 25°C Po | intermany | w 3 s Rig em g
Limited had Vo
- " ~ ndi e nAT 7 o

Thermal Resistance, Junction—to-Ambient RaJa (55 Caw e -

Thermal Resistance, Junction—to-Case Ryuc 5.0 c CHPH 2 A3
400 a2 ~ 18k
a0k o ONPN T Semse

- i~ s [+ TH] k- A1z 29
Case 936 (DZPAK-3) N < C i oty 3k ak
Tp = 25°C Fo Intermally | W i - CHPH ] A2 R
Lirmited  1nesk A6 Ao g &0 s
! . ) . ) sAa o | Bo-BIGCT) B
Thermal Resistance, Junction-to—Ambignt Rala See CIW ,_K ) . L i
Figure | L
14 £l -
Thermal Resistance, Junction—to-Case Raun 5.0 c 3.0k - 55?113333
Qi anz
OHPH
Case 3694 (DPAK-3)
Tp = 25°C Fp Intermally | W
Limited o
Thermal Resistance, Junction—to—Ambient RaJa 92 CAn owen
Thermal Resistance, Junction—to-Case Fauc 5.0 CMW
Storage Junction Temperature Range Talg —G5 to C
+150 = = = e = = =
Ciperating Junction Temperature T +150 C
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— T I -
C r -
T i MCTEXX
230V — —
50Hz —— & -
033k $ $ “o
Chliescent Current g - 3.2 8.0 - 32 6.5 mA
Cliescent Current Change Alg A
7.0Vde = Vip 225 Vdce - - - 0.3 1.0
SR oy e - 0.5 /N 0.08 0.8
Ripple Rejection RR - 68 a3 - dB

g.0Vdc=Vips18Vde, f=120Hz

RR

in

u

20-log
u

RR

in

out

(aB)

62

u 102 =y 102 =y 1259




Zdroj napéti se 78xx

Ciuisscent Current I - 3.2 8.0 - 2 6.5 maA
Chliescent Current Change Alg mA
7.0Vde = Vip 225 Vdc - - - - 0.3 1.0
JN s e g - - /7 \\ 0.08 0.8
Ripple Rejection RR - 68 - 62 83 - dB
g8.0Vdc=Vip 218 Vde, f=120Hz |
RR 62 Y v
Splnéno vzdy...

w, = u -1020 =y 102 =0.025-1259 =31V

K.]vst
p = P [Y%; s, mA, uF, V], K =300.

Pro C = 1G, U, = 10V = p = (300-1100) / (10 -1000) = 33 % ~ 3.3V

U, 3.3
= o= =2.6mV
out RR 1259

102 konec




