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Outline

1 Ab t j ti HBT1. Abrupt junction HBTs

2. Graded junction HBTs

3. Graded base HBTs

4. Double heterojunction HBTsj

5. Conclusions

REF. “Heterostructure Fundamentals,” by Mark    Lundstrom, 
Purdue University 1995
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Purdue University,1995.



Abrupt Junction HBTs
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Gain in abrupt npn BJT defined only by valence band discontinuity!



… but we are hoping for even better gain
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For full gain, we need graded junction HBT

Alam  ECE‐606 S09 5



Outline

1. Abrupt junction HBTs

2 Graded junction HBTs2. Graded junction HBTs

3. Graded base HBTs

4. Double heterojunction HBTs

5. Conclusions
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Abrupt Junction
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  EV(x)=EC(x)−EG(x)



Graded Base‐Emitter Junction
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  EV(x)=EC(x)−EG(x)



Current Gain  No exponential Suppression!
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Advantages of HBT: Inverted Base Doping
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β Δ≈DC
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1) Thin Base for high speed

2) Very heavily doped Base to prevent Punch Through,
reduce Early effect, and to lower Rex

3)  Moderately doped Emitter (lower Cj,BE)

“inverted base doping” N >> N
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inverted base doping NAB >> NDE



Outline

1. Abrupt junction HBTs

2 Graded junction HBTs2. Graded junction HBTs

3. Graded base HBTs

4. Double heterojunction HBTs

5. Conclusions
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How to make a better Transistor

Graded Base transport
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Graded Bases
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Graded Base HBTs
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Outline

1. Abrupt junction HBTs

2 Graded junction HBTs2. Graded junction HBTs

3. Graded base HBTs

4. Double heterojunction HBTs

5. Conclusions
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Double HBJT
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Offset Voltage
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does IC = 0 at VCE = 0?



Offset Voltage
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set JC = 0, assume VE = 0, solve for VC=VOS



Offset Voltage Result
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Want a large γR for small Vos.  Wide bandgap collector helps.
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Outline

1. Abrupt junction HBTs

2 Graded junction HBTs2. Graded junction HBTs

3. Graded base HBTs

4. Double heterojunction HBTs

5. Conclusions: modern design
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Putting the Terms Together
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junction charging time …
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Quations: Why does HBTs have such high performance ? 



Epitaxial Layer Design (II)

DHBT:  Abrupt InP emitter, InGaAs base, InAlGaAs C/B grades
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Epitaxial Layer Design (III)
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Summary

1) The use of a wide bandgap emitter has two benefits:
‐allows heavy base doping
ll d d‐allows moderate emitter doping

2)   The use of a wide bandgap collector has benefits:
‐symmetrical devicesymmetrical device
‐reduced charge storage in saturation
‐reduced collector offset voltage
‐higher  collector breakdown voltageg g

3)   Bandgap engineering  has potential benefits:
‐heterojunction launching ramps
‐compositionally graded bases
‐elimination of band spikes

4)   HBTs have the potential for THz cutoff frequencies. 
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) p q
However, it has yield issues and heating and contact R problems. 


