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I = G x V

density velocitycharge area

= q x n x v x A 

Section 27
Heterojunction Bipolar Transistor

• 27.1 Applications, Concept, Innovation, Nobel Prize
• 27.2 Heterojunction Equilibrium Solution
• 27.3 Types of heterojunctions
• 27.4 Abrupt junction HBTs
• 27.5 Graded junction HBTs
• 27.6 Graded base HBTs
• 27.7 Double heterojunction HBTs
• 27.8 Modern Designs

2
3

4
6

5
8

7
1

Mark Lundstrom, “Heterostructure Fundamentals,” Purdue University, 1995. 
Herbert Kroemer, “Heterostructure bipolar transistors and integrated circuits,” Proc. IEEE , 70, pp. 13-25, 1982.

log10 β

log10 f

fT

1
fβ

β ω( ) ≈ βDC

ωβ

ω

fmax =
fT

8πRbbCcbi

C
DC

BI
Iβ =

2
,

, 2
,

i B

i

E th
poly ballis ic

sE
t

B

Nn
Nn

υβ
υ

→ × ×

( ),

,

,
,

2
,

, ,

,

2

,

,
g B

gg E

g E

BC B V B

C

E
Ei B

E
E Vi E E

EN N e
e

N Nn
n

e

β
β

β

−
−

−= ≈

( )D AD q p n N N+ −∇ • = − + −



Klimeck – Solid State Devices
3

N-Al0.3Ga0.7As: p-GaAs
(Type-I Heterojunction)

Abrupt junction HBT
Type-I Heterojunction

Vacuum Level

EC

EV

EF

χ2

χ1

  EG ≈ 1.80 eV

  EG ≈ 1.42 eV

ND NA



Klimeck – Solid State Devices
4

Built-in Potential: Boundary Condition @Infinity 
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Interface Boundary Conditions
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𝜌𝜌𝑠𝑠 = 𝜌𝜌0𝛿𝛿(𝑥𝑥0)
𝑑𝑑𝐷𝐷
𝑑𝑑𝑥𝑥

= 𝜌𝜌0𝛿𝛿 𝑥𝑥0 + 𝑞𝑞(𝑝𝑝 𝑥𝑥 − 𝑛𝑛 𝑥𝑥 + 𝑁𝑁𝐷𝐷+ 𝑥𝑥 − 𝑁𝑁𝐴𝐴−(𝑥𝑥)

�𝐷𝐷𝑑𝑑𝑑𝑑 = 𝜌𝜌𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ⇒ 𝐷𝐷 𝑥𝑥𝑒𝑒 = 𝐷𝐷 𝑥𝑥𝑝𝑝 ⇒ 𝜌𝜌𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 0Zero field at edges: 
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Analytical Solution for Heterojunctions
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Base Emitter Depletion Region
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= q x n x v x A 
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