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HBT smallHBT small--signal analysissignal analysis

LECTURE 16

• Base current

• DC equivalent circuit

• AC small-signal analysis

• Hybrid-π equivalent circuit

• Parasitic R and C in an HBT

• Capacitance in a BT
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Base current: componentsBase current: componentsSec. 9.3

Base current components in active mode

(iv)

• Which IB components do we need to consider?
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Base current: recombination in base QNRBase current: recombination in base QNRSec. 9.3

(iv)

From the 
toolbox

Linear profile

Current
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Base current components and Base current components and GummelGummel plotplotSec. 9.3
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IB (injection)

IB (recombination)

IC

•Why is the back-
injection current so 
low?

•How can there be a 
base recombination 
current if we have 
ignored 
recombination for IC?

•What is the DC 
gain?
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DC Equivalent circuitDC Equivalent circuitSec. 9.4

(iv)

What is IS ?
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AC smallAC small--signal operationsignal operationSec. 14.2

Match the numbers to the 
terminalsNotation

Function of 2 variables

Linearize

Does the linearization set limits for the small signal?
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AC smallAC small--signal equivalent circuitsignal equivalent circuitSec. 14.2

small-signal base current

2-generator 
circuit

1-generator 
circuit

What is –g32 ?
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HybridHybrid--ππ equivalent circuitequivalent circuit

1-generator 
conductance circuit

Sec. 14.3

What are the conductances called?

HBT with parasitic R’s 
and C’s identified

Hybrid-π equivalent circuit under AC 
short-circuit at the output.

What components have been left out?
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Capacitance Capacitance Sec. 12.1

Generally:
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Specifically:
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Sec. 
12.3.1 EmitterEmitter--base junctionbase junction--storage capacitancestorage capacitance
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• ∆QE,j is the change in charge entering the device 
through the emitter and creating the new width of the 
depletion layer (narrowing it in this example), 

• in response to a change in VBE (with E & C at AC 
ground).

• It can be regarded as a parallel-plate cap.
B

jEB W
AC ε

≡,

WB2
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What is the voltage dependence of this cap?
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E B C
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QNB
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,

• ∆QE,b is the change in charge entering the device 
through the emitter and resting in the base (the black 
electrons),

• in response to a change in VBE (with E & C at AC 
ground).

• It’s not a parallel-plate cap, and we only count one 
carrier.

EmitterEmitter--base basebase base--storage capacitance: storage capacitance: 
conceptconcept

Sec. 
12.3.2
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B

QNB

EmitterEmitter--base basebase base--storage capacitance: storage capacitance: 
evaluationevaluation

Sec. 
12.3.2
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What is the voltage dependence of CEB,b ?


