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last lecture

1) Emitter injection efficiency
2) Base transport factor

3) Early effect

4) Speed (base transit time)
5) Effects of saturation

6) Gummel plots

7) Transconductance

8) HBTs

9) Emitter crowding
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emitter current crowding
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emitter current crowding
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emitter and collector areas
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Q1) Which is the base transport factor?
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Q2) Which is beta_dc?
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Q3) Which is alpha_dc?
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Q4) Which is the base current?
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Q5) Which is the emitter injection efficiency?
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forward active region
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emitter current: forward active region
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collector current: forward active region
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base current: forward active region
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summary: forward active region
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Ebers-Moll model

Question:

How do we describe the BJT in any region of
operation?
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emitter-base junction (the forward diode)
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Base-collector junction (the reverse diode)
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Both junctions....
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Ebers-Moll model
N Ie, Ic
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Ic (VBE ’VBC ) = aFIFO (quBE/kBT - 1) - IRO (quBC/kBT - 1)
IE (VBE ’VBC) = IFO (quBE/kBT - 1) - aRIRO (quHC/kBT - 1)
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Ebers-Moll model

1. (VBE’VBC ) =a,l,, (equE/kBT _ 1) — Iy (quBC/kBT _ 1)
I, (VBE ,VBC) =1, (eqvgg/ksr _ 1) —apl (quBC/kBT _ 1)

Iy (VBE’VBC) = IE(VBE’VBC)_ Ie (VBE’VBC)

See Pierret SDF, Chapter 11, sec. 11.1.4
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Ebers-Moll model

I, (VBE,VBC ) =a,l,, ( oVelkal _ 1) I ( Ve kT _ 1)

IE (VBE ’VBC ) — IFO (quBE/kBT _ 1) _ (XRIRO (quBC/kBT _ 1)
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Ebers-Moll model

I. (VBE’VBC ) =a,l,, (equE/kBT _ 1) — Iy (quBC/kBT _ 1)
I, (VBE ,VBC) =1, (eqvgg/kgr _ 1) —apl (quHC//(BT _ 1)

IB (VBE ’VBC) = IE(VBE’VBC)_ IC (VBE’VBC)

Ol g = 0tply,

See Pierret SDF, Chapter 11, sec. 11.1.4
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Check active region
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What is 157
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What is 157

IC — aFIFO (quHE/kBT _ 1) _ IRO (quHC/kBT _ 1)

IE = IFO (quBE/kBT _ 1)_ aRIRO (quBC/kET — 1)

Ve =0
I,=1, (quBs/ksT _ 1)

I,=1, (quD/kBT _ 1)
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What is I;?

l IC — aFII-‘O (quBE/kBT _ 1) _ IRO (quBC/kBT _ 1)

IE = IFO (quBE/kBT _ 1)_ aRIRO (quBC/kET — 1)
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Ebers-Moll model

Ic (VBE,VBC) =01, (quBE/kBT — 1) =1y (quB(‘/kBT _ 1)
I, (VBE ,VBC) =1, (eqvgb-/k,,r _ 1) — 0l g (quBC/kBT _ 1)

IB (VBE ’VBC ) = IE (VBE ’VBC)_ IC (VBE ’VBC)

Ol g = Ol

See Pierret SDF, Chapter 11, sec. 11.1.4
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Ebers-Moll model (ii)
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