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(Doping)
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Rovnovaha na p-n prechodu
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Rovnovaha na p-n prechodu
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“Xp + | XN X

Plosna hustota naboje dvojvrstvy OPN
NaoXp = Np Xy

Nizka uroven dotace = Siroka OPN
Vysoka uroven dotace = uzka OPN
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Termodynamicka rovnovaha: U=0v, I=0A

Elektrony v tepelné rovnovaze s mrizkou, ve stavech s minimalni energii.

""""" Wep 1--a " 1Wss
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000000
000000

a) b) c)
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Wc —— WE
Wy
W,
WF e s s mes mm
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Termodynamicka rovnovaha: U=0v, I=0A

Elektrony v tepelné rovnovaze s mrizkou, ve stavech s minimalni energii.

_________ W }---—----41W
. FB . L S
° o— W

Wik~ @=—" . JALRY G < ® ®

== = =

° °

® ® ° @ ° ®

° ® ° ® ® ®

a) b) | spojeni v jeden systém

—— W A w0\
WD WV WD
Wa
gf, _______ Wy Wy
P N P N

Rovnovaha mezi difizi a driftem volnych nosi¢ii nastane po vyrovnani Wy
(nejvySe obsazeny energeticky stav je v celém objemu totozny).
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pasovy

Energeticky
diagram

Volné
nosice

Energeticka bariéra e-U na p-n prechodu

kT.ln[ND '2NA — len[nNO] = len pPO
o n e Ny, € Pno
e'Up W
............................. W,
Wy
>
e 4 Ny

AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEsEsEEEEEEEEEEEEEEEEEsEsEsEsgalEnnnnnnnnnnns

T —eU,
N = Ny -exp D:> N (€ Ny

Boltzmann factor

Bariéra udrzuje velky koncentra¢ni rozdil mezi oblastmi P a N.




Energeticky
pasovy
diagram

Difuzni napéti (Built-in voltage)

W | /\W
C . EA
\\ e-Up W,
e N W,
W N Wy
v 0 >
P N
S g 2
"..e_,::. n; € Npy € Pno

Teplotni napéti: kT/e = 26mV @ T = 300K

U,~0.7V @ Si @ T = 300K

Uy~ 0.25 V@ Ge @ T = 300K




Prakticke vyuziti kapacity OPN p-n prechodu

Varikap (Variable capacitor)
kapacitni dioda

C= &t & S/ dOPN dOPN =1 (Urev) = C=f (Urev)
nastaveno dotaénim profilem

U < Urev
OPN OPN




Varikap

brani ~ zkratu L |

EEEEEag,
"y
.

zdrojem napéti
:: L : C +
L9 ‘$’ _;
L R :
I] [ —

Philips Semiconductars

Varicap diodes Selection guide

VARICAP DIODES (continued)
TVISATELLITE VARICAP DIODES

TUNING RANGE ]
rs % ®lw
TYPE Cs @ Vg Cq over voltage range max. | S w|(@ 8| PACKAGE
NUMBER | 2?38 tto scal
ratio Vy to Vy = g 5 | (nottoscale)
(pF) V) V) (v (€2) (%)
VHF tuning
BB809 4.7 28 9 1 28 0.6 3 na
BEBI09A =2.6 28 135 1 28 0.9 2.5 no
BB909B =2.8 28 135 1 28 0.9 2.5 no
BB91O 2.5 28 16 0.5 28 1 2.5 no
BEI11/A 2.7 28 25 0.5 28 2 2.5 no ,
S0De&8 (DO34)




p-n prechod

s prilozenym
vnéjSim napétim



Propustny smér — Forward Direction

OPN

Energie (eV)
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|- | I I |

P 1. 1 1
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10 15 20
X (um)
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Propustny smér — Forward Direction

TYP P I TYPN
1025 —
—{ ; . F - 10°1 0 T~ n,=ny
o v | B0 L
°o_,c )
“ 210” NN .
ne L £10" Drift dér —"\—— Difuze dér
= 061 : ext eU, [
M sessidonoed, & i
1 I 310" ~— i
i = S 5 10" Difuize elektront ;' Drift elektront
10" N Pno
93 Mpy - Sl
[l S
0 S 10 15 20
X (um)
elektrony: | difiize || injekee | | drift




Propustny smér — Forward Direction

OPN

(eV)

Energie

Pri propustné polarizaci p-n
prechodu protéka
velka hodnota proudu.

TYP P _ TYP N
1025:: — 4':—E—E
1023 :m i nNoan
"E10"]n T
£ o Drift dér —={;i— Difiize dér
§ 10" 4_,:1 4_
E 10" Diftze elektronu {“\ Drift elektroni
10" N Pno
93 Yo o _---- e | E
10 I——Pi’-———---l- xP:ngN | |
0 5 10 15 20
X (pm)
1.0 ;
—_ :
$ Rl T R N s y-
0.6 --------------------- .
s = JRTTERY s
..... § 0.4
="
0.2 /
0.0 *‘/
0.0 0.2 0.4 0.6 0.8

Napéti. V)



Z.avérny smér — Reverse Direction
OPN

1.6-
12
S 081
2 0.4-: W
g 0.0 ¢
0.4+
0.8 W,
0 5 5 20

X (um)



Z.avérny smér — Reverse Direction

TYP P I TYP N
10* E
nN()=nN

'8 10
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g io 3 NS
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elektrony:

difaze |=)| extrakce

)| drift




Z.avérny smér — Reverse Direction

OPN

& & 0=
N S -

S
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Energie (eV)
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s 10 15 20

Pri zavérné polarizaci p-n

prechodu protéka zanedbatelna ...

TYP P j TYPN

Ny~ My

hodnota proudu (r=300K).
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V-A charakteristika p-n prechodu (idealni pripad)

I =1, [exp(eU/KT) -1] . P r‘;gl“;:“?
4 I ~1,exp(eU/KT)
Z

=] _
-
g |
= HHr[N}
Napéti (V) |
100\ -80 60  -40  -20 0
— 10.0 0.2 0.4 0.6 0.8
1 Napéti (V)
_ |-10
I _IO |

,
| +
Proud (pA)
=




polovodi¢ P & p-n prechod & polovodi¢ N & kontakty = dioda

Propustny
S smér
4<
< 3
=] 4
- + —
= 2< B |
=
g
Napéti (V)
100§ -80 60  -40 20 0
0.0 0.2 0.4 0.6 0.8
i Napéti (V)
_ = |10
I=1, _ + E_ ]
=
<
= + &~ 130
— P|NI— ]
-40
ZAverny ]
avérny 50

smér

Dioda usmérnuje napéti a proud.

Idealni pripad:
V propustném sméru teCe proud po prekonani prahového napéti.
V zavérném sméru proud netece.




Shockleyho rovnice
V-A charakteristiky idealniho p-n prechodu

J = J,lexp . -1

1=1,[exp(eU/KT) -1] s Propustny
) smér
4] I ~1,exp(eU/KT)
< 3
é 7 + -
z _H_
1]+ [ —
¢ Napéti (V) | PN
1009 80 60 40 20 0 | ' | |
— l0.0 0.2 0.4 0.6 0.8
] Napéti (V)
_ ~ |10
TI—IO . 2]
—H— = |20
g |
- N
— P N |+ _-30
|-40
zivemy J(A.m?2) =1(A)/ S(m?)
smér



Difuzni napéti (Built-in voltage):

e n:

100

le(NN] -

kT ln[nmj _ kT ln(ppoj
€ nPO € pNO

0.0 0.2

0.4 0.6 0.8 1.0

Napéti (V)
log N,, log N,
P ‘ N

log N log Ny
PN

NPN, PNP B-E

N
I 7
0 X

TYRISTOR G-K



Difuzni napéti (Built-in voltage):

U, = kT.ln(ND'ZNA] — kT.lr{nNOj — kT.h{pPO)
€ r-]i € nPO € pNO

100

0.0 0.2 0.4 0.6 0.8 1.0
Napéti (V)

S rostouci koncentraci primési narusta difuzni (prahové napéti)
diody s p-n prechodem.



(A)

Proud

V-A charakteristika realné diody
propustny smér

41 | R=10mQ D[ | D+R

00 02 04 06 0.8
Napéti (V)

PHT—-o

D R

D =idealni dioda

R = sériovy odpor privodii, kontaktii, polovodice
p-n prechod



V-A charakteristika realné diody - zavérny smér

Napéti V
-1000 -|800 -600 -400 -200 R A
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Poloha (-)



V-A charakteristika realné diody - zavérny smér

Napéti V
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V-A charakteristika realné diody - zavérny smér

Napéti V
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V-A charakteristika realné diody - zavérny smér

Napéti V
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V-A charakteristika realné diody - zavérny smér
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V-A charakteristika realné diody - zavérny smér

Napéti V
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V-A charakteristika realné diody - zavérny smér

Tunelovy jev
P -4E—+ N

Clarence Zener
Up (V) Ug (V)
5 4 3 2 1 0 25 20 15 10 5 0

20°C 70°C 70°C 20°C

a) Zeneruv jev b) Lavinovy jev



V-A charakteristika realné diody - zavérny smér

A a) b)
l |

r"F'_J U

a) Np =N, <10®m
b) Ny = N, ~ 1025m3

a) b)
U (V) Up (V)
? ? ? |2 } /0 0 Zf 2|0 15 10 5 0 0
f 1~ [] 1-
TK U,<0 . g TKUS0 g
20°C 70°C 11 70°C‘20°C 1!

a) Zeneruv jev b) Lavinovy jev



V-A charakteristika realné diody - zavérny smér

IA a) b) c)
[ |

Tunelova dioda

Leo Esaki

__"' >
(~ | ﬁ U

a) N, =N, < 102°m?3
b) N, = N, ~ 1025m3

| 1| ©Np=N,>>10"m?

a) b) ©
We ‘\ W, <
Wy W A% - - W
Wy Wy
P+t N+ P+t N*+

U=0V U>0V



A I ) b) c)
Tunelova dioda

r U
a) Np =N, <10%m
b) Np =N, =~ 10%m3
[ ¢) Np =N, >> 10%m"?
a) b) ©

Volné energetickeé stavy elektroni musi existovat na obou stranach
pn prechodu a na stejné energetické urovni =
polovodice musi byt degenerované (W, ve W, W)

WC
WV .W W R .W n
wF v wEs .
Wy Wy
P+t N+ P+t N+



Parametry soucastek

A) MEZNI

Mezni hodnota proudu, napéti, teploty apod.,
po jejimz prekroceni dojde k destrukci

B) CHARAKTERISTICKE

Hodnota proudu, napéti, kmitoctu, atd. po jejimz
prekroceni nedojde k destrukci, ale pouze ke ztraté funkce
Priklad: mezni frekvence




Mezni parametry diod

Iz (mA) A

IFAV =

Usmérnovaci dioda

LY
L]
]
L]
]
L]
]
a
L]
a
L]
]
L]
L]
]
o,
a,

|

Up (V)

%I

AT -1, Zenerova dioda

V I, (nA)

Ugrn: Reverse Repetitive Maximum voltage lpav: Forward AVerage current
zavérné opakovatelné Spickové napeti  stiredni hodnota propustného proudu



(Infingon

BAW78M

Silicon Switching Diode

» Switching applications

» High breakdown voltage

VYPWO5980

Type Marking Pin Configuration Package
BAW7EM GDs 2=C |3nc. [4nc [5=C |SCT595
Maximum Ratings

Parameter Symbol Valuag Unit
Diode reverse voltage Vg 400 \Y
Peak reverse voltage Vem 400

Forward current I A
Peak forward current IE

Surge forward current, t =1 us IFs 10

Total power dissipation, Tg =110 °C Piot 1 W
Junction temperature T, 150 °C
Storage temperature Tsiq -65 ... 150

AC characteristics

Diode capacitance Co - 10 - pF
Vg=0V,f=1MHz

Reverse recovery time b - 1 s

Ie = 200 mA, Ig =200 mA, R, = 100 (),

measured at /g = 20mA




Charakteristické parametry diod

AC characteristics

(Infingon

Silicon Switching Diode

= Switching applications

» High breakdown voltage

BAW78M

WPWO5980

Diode capacitance
V=0V, f=1MHz

Reverse recovery time
e =200 mA, Iz =200 mA, R_ =100 (),
measured at /g = 20mA

pF

s
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Komutace diody

Proud (A)

MOSFET
nebo IGBT
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MOSFET -400

_>E nebo IGBT ~500 \\ [ _>
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—{—1— maly odpor



Komutace diody
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velky odpor —

OPN

—{—1— maly odpor
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nebo IGBT
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Komutace diody
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Komutace diody

100

Proud (A)

MOSFET
nebo IGBT

\

\\ [
\ |/
\ |/
\/
\ /
\/

Cas (ps)

KATODA

0.0 0.2 0.4 0.6 0.8 1.0
Poloha (-)



Komutace diody
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Z.avérné zotaveni — Reverse Recovery

Proud (A)

#1
1 &= 120
. trr=150nS> #3 ‘ 10
0' > / S 0
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-1 = 1-20
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90% I 7 1-30
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Diody

Bipolarni
* nosiCe naboje oboji polarity
* p-n prechod

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




Prechod kov-polovodic

HLADINA VAKUA

K

€ 0
Wi aeeens. Y..
WV
KOV VAKUUM | POLOVODIC
TYPU N

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

z
KOV & POLOVODIC N
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Prechod kov-polovodic

termodynamicka rovnovaha

KOV | % | POLOVODIC N
0.6 ’

0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8

b

A
eU
 /

Energie eV

] eee@ elektron¥ | HIM .

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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Walter Schottky>

Schottkyho dioda c

Bardeen, Brattain
Usmérnujici E F Ohmicky
kontakt kontakt
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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

--------llllllllllllll- ----------------------
.........
----
....
Yo,

.
-----
.....
.........
---------------------------------------

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




konec



