Communication Electronics

Lecture 5:

Semiconductor devices for
communications - diodes
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Dielectric | Electron Hole
WIRWREl Bandgap | girength [ mobility | mobility
AW[eV] E . [Viem] | u [em?/Vs] | u [cm*/Vs]
PbS 0.37 (Ug<2V) 600 200
Se 1.95 | (Ug,<25V)[ 0.005 0.14
PbSe 0.27 900 700
PbTe 0.32 1700 930
Cu,0 2.137 | (U,.<8V) 0.2 0.1
Si 1.11 3+10° 1400 450
Ge 0.67 10° 3900 1900
Si._Ge 3+10°
SiO, 9 108107
Si N, 5.4 3+10°
IC(diamond)] 5.5 10°-107 2200 1800
3C-SiC 2.36 10° 800 320
4H-SiC 3.23 3-5+10° 900 120
6H-SiC 3.05 3-5¢10° 400 90
GaAs 1.43 4+10° 5000 400

Semiconductors

Dielectric | Electron Hole
WKWl Bandgap | gtrength [ mobility | mobility
AW[eV] E_[Viem] | u [em?/Vs] | u [cm*/Vs]
AlAs 2.16 6-10° 1200 420
InP 1.344 5¢10° 5400 200
GaP 2.26 10° 250 150
GaSb 0.726 50000 3000 1000
InAs 0.354 40000 40000 400
In._GaAs [ 0.35-1.43
InSb 0.17 1000 77000 850
GaN 3.4 5¢10° 1800 30
AIN 6.28 1.2-1.810° 300 14
InN 0.65 3200
BN 5.4 3-6+10° 200 500
CdS 242 400
CdSe 1.74 650
CdTe 1.44 1100 100
Hg, Cd Te 0-1.5




I[mA] Diode equation A 7[mA]
A ulo| U
lUW] =1, e”kBT—l):]S e”UT—l)
K 5 —U ~25mV =thermal voltage

1(Si Schottky)<n<2 (Si PIN )=diode ideality factor — [ .

PN junction Si 1.11eV | 0.5-0.7V [4+10"2-2:10"A| PN: U, ~AW|[eV]-0.4V
PN junction Ge 0.67eV | 0.1-0.2V | 2¢10°-4-107A
IR LED GaAs 1.43eV 1V ~2+102°A
Depletlon regzon
Green LED GaP 2.26eV 1.8V ~1033A

Blue LED GaN 3.4eV 2.7V ~108A K A K
Schottky Si 1116V | 0.1-0.4V |2:1052:10"°A . lu : '_“_‘

Schottky GaAs 1.43eV 0.7V ~2¢10-"5A % A
Schottky

Schottky GaN 3.4eV 1.6V ~2+103A Q contact
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[ Q,~tl tT=minority —carrier lifetime

L
A C
— —m C :d—Q:Tﬂ:TGd: T]
C, K "od dU nU;,
¢ 1 :
Yd:Z_:Gd"'J(U(Cj"'Cm)
v d
=1 e”UT—l) - Z
= C; T m d
oo_dl_ 1 |G | @ImA | @100MHz
d T S I
dU nU; nU;y 1?'513?7 30pF | 1ous | 250nF | -j6.4mQ
dU _nUy BARS!
R, = — .
A= g7 I (PIN) 0.3pF 100ns 2.5nF j0.64Q
I=1lmA nU,~40mV > R,~40Q (1P[\rl\14+1:§) ApF 5ns | 125pF | (3.5-j11)Q

Diode differential admittance Schottky diode - t=0



Point — contact

diode
U,.~3V

A(metal) é
Spring

N
K} /(c:ystal )
L

Depletion region

Schottky —diode versions

Planar Schottky Guard —ring
diode (RF ) Schottky diode
U,.~3V U ;,~60V
A A
SiO?2 % / SiO?2
N \\

(substrate)

Depletion region

(substrate)

Z

N
N

K

C contact

Drawings nott o scale !




Schottky diode -» 1=0 A log U pc
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PIN diodes

I d = layer I thickness

(diode turn-on time)
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Minority-carrier lifetime t ~10ns ~100ns ~lus
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TED = transferred — electron device
GaAs , InP,GaN , CdTe,

CdS |, InAs , InSb, ZnSe,
bulk semiconductor effect !

Drawing nott o scale ! ’ A
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hc,~1.24eVum
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0.85um | 1.46eV

1.31um | 0.95¢V
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z AW =bandgap

- PN — junction

. rectifier
—  A>10mm

£

=

& AW =bandgap Ge=0.67¢V

S GaAs=1.43¢eV Si=1.11eV
I-InGaAs TE § ATy GaP=2.26eV

% Schottky [ back

g rectifier

S A>0.1mm

3

\)

T

In4s=0.35eV

PIN photodiode




Avalanche photodiode
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I, [ A ]_ N,'lo) n(n) M Optical power P ,=
Py W] N, hf WP[CV] |E,|
-4
Photon (1)= N
detection N
Electron _
T . Ne ,_NeM(UZ>
multiplication
photons
APD | AW | L | W, | U, | M
Si 1.11eV [ 850nm | 1.46eV |~150V|~100] ~60
Ge 0.67¢V |1310nm]| 0.95¢V | ~30V [ ~10| ~500
InGaAsP|~0.75eV [1550nm| 0.80eV | ~70V | ~20 [ ~200
PIN |~0.75¢V|1550nm|0.80eV | ~5V | 1 | ~1000
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W,.=k,T~25meV

<§>A)\~50nm U, ~AW [eV]-0.4V
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Semiconductor laser T Stimulated

emission
e
Corelair reflection /.. W ©~200ps
20log,ll~-5dB /" | i h L
nl,n2N3.5...4 2 4
G/I~10"dB/m
AQ
P A Ay A Dielectric waveguide n,>n,
v N
® i 2 Avoid cladding loss AW ,<AW,
. L K J/ ~ ]
PP \ w=10um=>single transversal mode
AV GaAs
[—InP | <=~
= / GaAs
Eo InP Gads "
P ,~100mW T
GaAs
N —InP MOW = Multiple Quantum Well

Ao~13-1.55um

KO

many layers 10nm ... 100nm thick
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