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Symbol Description Unit Symbol Description Unit
n(x, t) Concentration of mobile m3 Np(x)  Donors’ doping- m
electrons (variable) concentration
p(x,f)  Concentration of mobile holes ~ m™ mp Donor-valency with respect -
(variable) to substrate (4)
Ju(x, 1)  Electrons’ current-density A/m? Na(x)  Acceptors’ doping- m™
(variable) concentration
Jyp(x,7)  Holes’ current-density A/m? ma Acceptor-valency with -
(variable) respect to substrate (4)
o(x,1)  Electrostatic potential A% nj Intrinsic carrier- m
(variable) concentration
Gr(x, 1) Rate of light-stimulated m3s! [T Electrons’ mobility m?/(V-s)
generation (source) Hp Holes’ mobility m2/(V-s)
(@‘S“m¥es . . 2
_— D, Electrons’ diffusion- m</s
g ”“ f‘f' . t
Plav\cl( rcd.,:"Q . 1,08¢ 1o J-S coefficien
-2 -3 -1 4 2 D Holes’ diffusion-coefficient ~m?/
£0 . 3, 864 - 10 " )&3 -S“-A b oles’ diffusion-coefficient m*/s
B, Semiconductor’s m3/s

recombination-coefficient

€ Semiconductor’s ‘um-ﬂw\-, A-s/(V-m)
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‘What happens to Carriers and Currents with

applied reverse Voltage? applied forward Voltage?

‘What happens to Carriers and Currents with
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Charge-Density of Space-Charge-Zone

The space-charge-capacitance Cg and the current /g
through it depend as follows on direct voltage U:
Cso

Cg W) =——30
s@ (1= UlAgy )™

Ies (U)=Cs (U)- U
Parameters are the equilibrium-space-charge-
capacitance Cg g, the equilibrium-potential-barrier
Agp o and the dimensionless parameter m¢ with
03<mg<0.5

S{pt.cg C\"“'ff tu‘n«.- L‘»—-re

(¢ s(m ."‘un( €
pACm?)

I

‘ X/m

A
p-doped ‘

N

n-doped

Charge-Density of Diffusion-Zones

The diffusion-capacitance Cp and the current /¢
through it depend as follows on direct voltage U:

U
_ LW _wls (5T
o= mjurﬁ(e !

Iy W)=Cp ) - U

The parameter tr is called transit-time.

How is the Diode’s Interaction with Light modeled?

‘What happens if a Diode is illuminated?
Illumination stimulates carrier-generation in the
space-charge-zone.

Electron-hole-pairs generated in the space-charge-
zone are accelerated by its electric field,
transported to the space-charge-zone’s boundaries,
injected into the neutral zones and produce a

How does a Diode emit Light?

Radiant recombination of carriers occurs in the
neutral zones on both sides of the space-charge-zone
of a junction-diode made of direct-bandgap-
semiconductor, mostly ITI-V-compounds such as
GaAs or II-VI-compounds such as ZnS.

The optical frequency v of the photons emitted is

reverse photo-current.
The light-stimulated generation-rate is

determined by the bandgap-energy of the
semiconductor used according to Planck’s law

DO"SAE’ {basxc»ss (24} excés/ Lom\use 2ome o:

proportional to light intensity and depends on AWgg=h-v.
C\I\ e wavelength, the same is same true for photo-current The rate of radiant recombination is proportional
LN f& Ipp. to forward diode-current, the same true for emitted

—Ipha = Oppp E,
E, is the irradi (de: Bestrahl, rke, fr:

light-intensity (de: Strahlstirke, fr: Intensité
énergétique) I, in W/sr.

e _ g T
: Pyo =Me ™

npo=ne s’ éclairement énergétique) in W/m? whereas appy is a I = opyp 1y
A 1

B+ —qU) photocurrent-coefficient in A-m?/W 1;is the junction’s forward-current, opy is a light-
prauop py (Xn) =n5e ky T ’ emission-coefficient in W/(A-sr).
— kg T N
telmXp)mme Apy () =Py () =P
Al’lp (- Xp )= np (- Xp ) — np NN NN N.0 ‘What is Avalanche-Breakdown and how is it ‘What is Zener-Breakdown and how is it
U/U. = (eU/UT — 1) modeled? modeled?
=npoeVVr — 1) Pno X ) - ) . -
PO With strong reverse voltage applied to the junction, With strong reverse voltage applied to the junction,
covalent bonds may break and free valence- majority-holes of the p-doped zone and majority-
* A electrons which are strongly accelerated by the electrons of the n-doped zone may traverse the
( . . . .
I3 - N electric field of the space-charge-zone and may, in space-charge-zone by the quantum-physical tunnel-
\)r ‘- e~ - Q’AS' A‘ (V] S- m . turn, break further covalent bonds freeing more effect (de: Tunneleffekt, fr: effet tunnel) creating a
electrons and creating an avalanche effect (de: so-called Zi breakd (de: lurchbruch,

Lawinendurchbruch, ft: effet avalanche). fr: claquage par effet Zener) characterised by a
reverse current increasing exponentially with

reverse voltage.

The avalanche-effect creates a reverse current
increasing exponentially with reverse voltage.

U, -U
Igp (U) = _ISA[e m, Uy _1]

qD,
Jna(=%p) =1 “Anp (= xp)
n.P

Ty (x )—qD"Ap (xn)
p.d \AN Lp.N N VAN

_U U
Igz U) = —Igy e ™Ur —1
=annP0(eU/UT -1 :ﬂ (e -1 . S7[ J
Ln.P ’ LP-N pN‘O

2o
L) lonsowr de A:}s\

des” W lé N

U/Uyp

How does the Diode depend on Temperature? How big is a Diode’s Noise?
The diode’s reverse saturation-current Igy and the
thermal voltage Ut depend on the temperature
according to the following law:

kg T normalized spectral power-density d(i,) in A%/Hz of
Ur = q the diode’s noise-current is proportional to the
)AW.,G diode’s quiescent junction-current Ij. The (; ") {ﬂ :q IJ.

The Brownian thermal movement of electrons and
holes traversing the pn-junction causes a noise-
current i, to be added to the junction-current. The

What about the overall Diode’s Current?

The overall current-density J through the junction equals the
sum of contributions of the two bipolar transports caused by
minority-carrier-injection at the two space-charge-zone-
boundaries as function of applied direct voltage U:

J =Jn.d(_xP)+Jp.d(xN)

T K/m, (;
Igy (T) =I5y (Tg) - [ﬁ) cello

st,lv\(:)o‘ts

diode zewer

ke T . . o A
™ 8 mechanism causing the noise is called shot-noise
(de: Schrotrauschen, fr: bruit de grenaille) n

Pkafod.‘oJe,
A

Dynpo  PpPyo) v — f N
Ay Ty J¢ "D A c A > 2
0 a
The overall bipolar diode-current /; as function of direct voltage
U applied: U CJ.’aJ& avalanche LED
4
IN( |
1 =Iq -|lemUr _1 o o o o
(M) SJ A L~ c A 2 c
b b
Parameters of this equations are the reverse saturation-current
(de: Sattigungssperrstrom, fr: courant inverse de saturation) diode 5 Jonction diode schott Ky
Ig, the emission-coefficient (de: Emissionskoeffizient, fr: o B o o BF o
A c A

coefficient d’émission) my a b
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Transistor bipolcite pip
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Vue de coupe o un tronsistor bipolaire npn Vue de coupe d'vun transistor bipolGire prp
épitaxial planaire épitaxial planaice
E n I—1 C Co °oE
Modlele Madle le
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Symbare Simplific. uni - Jn?v/m/?e uni- Symbole
dimensionne/ dimensionnel
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Transistors bipolaires /¢ Mode oe conduction directe I
L]
° la jouction pase-emetieur est passanik , /e jactian lose-

Jc -ZE
ax - L(gg' Z(GC C o °E
Use< O ;M“ 30 colecteur ¢st hloguee.
e ° la hase €fand chaite, e nic jorite oes ckerons (porteuis

mincritaires ) ne reccmibinend pas dlans fa hase ¢t
appcraissend amsi au hord de fa jornchaon base - cohecteut.

E
o Flectons exce dentoares au hord de /e joic hion G -
aollectewr sond traniporfes a favers M jonction au
ccllecteur par k Chang Electrigue fort de 16 jor fian

L bloguce.
> ° U pctite fracholt des efectrons injectes recaiibinent
Clans . base. Le courand dks fraus ui reniplecen fes

E—»
) Trotes 76C01116ines tlaris k. hase conshte fe couant cle hase,
ix
Z(x) i o LG fen sion dle jonchon baie -c'm:ﬁcur conticle fe
X urant du collecteur vers 'Cmetteur.
* Lo courant base-emeteur amplific par k gain diirect en
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Transistors bipolaines 1l + Mook e conauction inverste
L)
Ic Zg .
° [a jonction base ~ollectaur est pasionte et 4 jonclion

c E
Use> O\ I%{M <0 base-émetlenr est bloguee.
B ° i modle de cancliuction nverse la fraction d'eleatrons

i Joclcs Olans e e qui et ccanrbinee est plus Qrande

. 7 , o
7 € gu'en made de conacction dlirecte.
& A 7 13 . o .
o Flections en e xees au hord ok la janction hase-émetleur
& Jont Transportes a travers b jonction @ I'émetteur
y N par ke champ electrique jorl de ki jonction /ase-
—7 | &) 7__p_(xi_ Emetteur Hoguee.
w2 Llecoutant cle hase en mode de condiictian Tnverse
X ed retativernent pus o1and Qu 'en canductian directe

pix) Q Cautse de la reconhingison Mus inmporkinte.

£ ) ° La fension O jonchon haie-Collecteur controle
le courant de /'emetfeur vers e callecteur (I, I < 0)
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° [e gain en courant inverse est plus ks en mode

3/6 inverse qu'en made direct.



