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I = G x V

density velocitycharge area

= q x n x v x A 
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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

−
−

−= ≈

status

∆EV



Klimeck – Solid State Devices
3

Abrupt Junction

 EC

 EC

 EV

  EG ≈ 1.80 eV

 
VjN  

Vjp

 ∆EV

  EG ≈ 1.42 eV

 EV

  V (x)

 x xP −xN

  χ(x)

 x xP −xN
  
EC (x) = E0 − χ(x) − qV x( )
  EV (x) = EC (x) − EG (x)
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Graded Base-Emitter Junction
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 EV

  EG ≈ 1.80 eV  ∆EV

  EG ≈ 1.42 eV
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  χ(x)

 x xP −xN
  
EC (x) = E0 − χ(x) − qV x( )
  EV (x) = EC (x) − EG (x)
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Current Gain 
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EGE > EGB
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No exponential Suppression!
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HBT Opportunities
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  EG ≈ 1.80 eV

  EG ≈ 1.42 eV

EC
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EGE > EGB

𝑒𝑒380/25 = 𝑒𝑒15.5 ≈ 4𝑥𝑥106

Δ𝐸𝐸𝐺𝐺 = 1.8𝑒𝑒𝑒𝑒 − 1.42𝑒𝑒𝑒𝑒 = 380𝑚𝑚𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵𝑇𝑇 ≈ 25𝑚𝑚𝑚𝑚𝑚𝑚

=> Opportunity for alternative thinking!

Goal: Increase 𝐼𝐼𝐶𝐶
Minority electrons in base

=> Increase 𝑛𝑛𝑖𝑖 decrease 𝐸𝐸𝐺𝐺

Goal: Decrease 𝐼𝐼𝐶𝐶
Minority holes in base

=> Decrease 𝑛𝑛𝑖𝑖 increase 𝐸𝐸𝐺𝐺Emitter bandgap > Base Bandgap
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http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg
http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg


Klimeck – Solid State Devices
7

Advantages of HBT: Inverted Base Doping
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Thin base desired for speed and gain, but thin base was a problem (Early, Punch Through)

“inverted base doping” NAB >> NDE

  EG ≈ 1.80 eV

  EG ≈ 1.42 eV

EC

EF

EV

Jn

Jp

EGE > EGB

𝑒𝑒380/25 = 𝑒𝑒15.5 ≈ 4𝑥𝑥106

Δ𝐸𝐸𝐺𝐺 = 1.8𝑒𝑒𝑒𝑒 − 1.42𝑒𝑒𝑒𝑒 = 380𝑚𝑚𝑚𝑚𝑚𝑚
𝑘𝑘𝐵𝐵𝑇𝑇 ≈ 25𝑚𝑚𝑚𝑚𝑚𝑚

=> Opportunity for alternative thinking!

Moderately doped Emitter (lower Cj,BE)

Now this is possible! => Very heavily doped base 
=> prevent Punch Through, reduce Early effect, and to lower Rex

Increasing base doping was not an option since it lowered 𝛽𝛽𝐷𝐷𝐷𝐷
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density velocitycharge area

= q x n x v x A 
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