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HBT basicsHBT basics

LECTURE 15

• Applications

• Structure

• Energy band diagram

• Collector current
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HBTsHBTs enable portable wireless productsenable portable wireless products

Why does this PDA need HBTs?
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IEEE RF IC Symposium, pp. 231-234, 2002
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Sec. 9.1

HBT structureHBT structure

Note:
• Epitaxial structure
• Dissimilar emitter and base 
materials
• Highly doped base.

Simplified 1-D structure
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Sec. 9.1

Energy band diagrams for Energy band diagrams for HBTsHBTs

Construct in usual way, but note 
the band-edge discontinuities:

What materials are represented in the above band diagrams?
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Sec. 9.2

Preparing to predict IPreparing to predict ICC

Go to the 
toolbox and 
select the 
equations needed
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Setting up  for the ISetting up  for the IC C derivationderivation

WB can be as small as 30nm.

NB can be as high as 1E19-1E20 cm-3

Sec. 9.2

What is WB/Le ?

What is the minority carrier profile in the base?

What is the expression for the electron current in the base?

What are the boundary conditions?
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Sec. 
9.2 Answering the questions from the previous slideAnswering the questions from the previous slide
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In modern HBTs
WB/Le << 1 ∴ is constantand

Now we just need the boundary conditions
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Sec. 9.2 BCBC’’s  for Is  for IC C derivationderivation

New boundary conditions

This is a modified Shockley BCWhat is nE*?

Why do we need a new BC?

What is the BC at the other end of the QNB?



11

Collector current: controlling velocitiesCollector current: controlling velocitiesSec. 9.2

Substitute for the carrier concentrations at the boundaries

Note:
- the reciprocal velocities
- estimate typical values
- inclusion of vR necessary in modern HBTs
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