
Communication Electronics

Lecture 5:

Semiconductor devices for
communications - diodes
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Material Bandgap
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μ
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μ
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Material Bandgap

ΔW[eV]

Electron
mobility

μ
n
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μ
p
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E
max

[V/cm]

PbS 0.37 600 200(U
BR

<2V)

Se 1.95 0.005 0.14(U
BR

<25V)

PbSe 0.27 900 700

PbTe 0.32 1700 930

Cu
2
O 2.137 0.2 0.1(U

BR
<8V)

Si 1.11 1400 4503•105

Ge 0.67 3900 1900105

Si
1-x

Ge
x 3•105

SiO
2 9 106-107

Si
3
N

4 5.4 3•106

C(diamond) 5.5 2200 1800106-107

3C-SiC 2.36 800 320106

4H-SiC 3.23 900 1203-5•106

6H-SiC 3.05 400 903-5•106

GaAs 1.43 5000 4004•105

Se
m

ic
on

du
ct

or
s

AlAs 2.16 1200 4206•105

In
1-x

Ga
x
As 0.35-1.43

InP 1.344 5400 2005•105

GaP 2.26 250 150106

GaSb 0.726 3000 100050000

InAs 0.354 40000 40040000

InSb 0.17 77000 8501000

GaN 3.4 1800 305•106

AlN 6.28 300 141.2-1.8•106

InN 0.65 3200

BN 5.4 200 5003-6•106

CdS 2.42 400

CdSe 1.74 650

CdTe 1.44 1100 100

Hg
1-x

Cd
x
Te 0-1.5



NP

Diode type Semiconductor ΔW U
1mA

I
S

PN junction Si 1.11eV 0.5-0.7V 4•10-12-2•10-15A

PN junction Ge 0.67eV 0.1-0.2V 2•10-5-4•10-7A

IR LED GaAs 1.43eV 1V ~2•10-20A

Green LED GaP 2.26eV 1.8V ~10-33A

Blue LED GaN 3.4eV 2.7V ~10-48A

Schottky Si 1.11eV 0.1-0.4V 2•10-5-2•10-10A

Schottky GaAs 1.43eV 0.7V ~2•10-15A

Schottky GaN 3.4eV 1.6V ~2•10-30A

Diode equation I [mA ]

U [V ]

1mA

+

−
U [V ]

I [mA ]

A

K

A K

I= I S
(e

U∣Q e∣
n k B T

−1)= I S
(e

U
nU T −1)

k B T

∣Qe∣
=U T≈25mV≡thermal voltage

1(Si Schottky)≤n≤2(Si PIN )≡diode ideality factor

N
A K

Depletion region

Schottky Ωcontact

PN : U 1mA≈ΔW [eV ]−0.4V
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Diode differential admittance
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Z
d

@100MHz

250nF −j6.4mΩ

2.5nF −j0.64Ω

125pF (3.5−j11)Ω

I= I S
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U
nU T −1)

Gd=
d I
d U

=
1

nU T

I S
(e

U
nU T −1)= I

n U T

Rd=
d U
d I

=
nU T

I

I=1mA nU T≈40mV → Rd≈40Ω

C m=
d Q
d U

=τ
d I
d U

=τGd=
τ I

nU T

Qm≈τ I τ≡minority−carrier lifetime

Y d=
1
Z d

=Gd+ j ω(C j+C m)

+

−

Schottky diode → τ=0
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RF diode detector
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N +

(substrate)

P +

I (π or ν)

d ≡ layer I thickness
(diode turn-on time)

Layer I thickness d 

Minority-carrier lifetime τ

Controlled
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~0.3μm
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Drawing not t o scale !
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N ++−GaAs
(substrate)

N +−GaAs

N−GaAs

A

K

A

K

d

U

I

Drawing not t o scale !

~ 2V

~ 8V

Posc≈10mW → η≈2%

f ≈10GHz → d≈10μ m

TED≡transferred−electron device
GaAs , InP ,GaN ,CdTe ,
CdS , InAs , InSb , ZnSe ,

bulk semiconductor effect !

 μ
n1

      Valence band

1.43eV

W  μ
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0.36eV
GaAs

bandgapμn2<μn1 → Rd<0

Conduction bands
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Drawing not t o scale !

PN − junction
rectifier
λ>10mm

Schottky /back
rectifier

λ>0.1mm

I-InGaAs                  
eh

E⃗

h f     h f     



P+-InP
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Drawing not t o scale !
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λ

τ≈10 ns ...1μ s

Heterostructure
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           GaAlAsΔW 1

ΔW 2
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Drawing not t o scale !

PO≈10 mW

Light−emitting diode
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Δλ≈50 nm

λ0≈900 nm
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ΔW ≡bandgap
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Spontaneous emission or phonon?

h f     
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N e=αe e
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W T=k B T≈25meV

Indirect Si→P photon≈10−4

Direct GaAs→P photon≈0.5
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n2ΔW 1

ΔW 2

Dielectric waveguide n1>n2

Avoid cladding loss ΔW 1<ΔW 2

E⃗O
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n1 , n2≈3.5... 4
G / l≈104 dB/m
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Drawing not t o scale !

A

K


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

