Lecturel’/

TheBipolar Junction Transistor (I1)
Regimes of Operation

Outline

* Regimes of operation
« Large-signal equivalent circuit model
» Output characteristics

Reading Assignment:
Howe and Sodini; Chapter 7, Sections 7.3, 7.4 & 7.5

Announcement:

Quiz #2: November 15, 7:30-9:30 PM at Walker.
Calculator Reguired. Open book.

Quiz Review: Monday, November 13, 7:00PM,
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Summary of Key Concepts

* Forward-active regime: most useful, device has
gain and isolation. For bias calculations:
— C
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e Saturation Regime: device flooded with minority
carriers. Not useful. For bias calculations:

» Cut-off Regime: device open. Useful. For bias
calculations: c
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1. BJT: Regimes of Operation
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* Forward active: device has good isolation and high
gain; most useful regime;

e Saturation: device has no isolation and is flooded
with minority carriers;

— P takestimeto get out of saturation

— P avoid thisregime
Reverse: poor gain; not useful;
Cut-off: negligible current: nearly an open circuit;
useful.
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Forward-Active Regime: Vge > 0, Vg <0
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Forward-Active Regime: Vg >0, Vg <0
« Emitter injects electronsinto base, collector extracts
(collects) electrons from base:

é9Vee U lo=n. . D,
é kT d SUPBO Wy

o =1gexp,

« Baseinjects holesinto emitter, holes recombine at
emitter contact:
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 Emitter current:
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o State-of-the-art IC BJT'stoday: |- » 0.1- 1 mA and
b » 50 - 300.

b hard to control tightly: P circuit design techniques
required to be insensitive to variationsin br.
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Reverse-Active Regime: Vg <0, Vg >0

n-Emitter p-Base n-Collector
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Reverse-Active Regime: Vge <0, Vg >0

Collector injects electrons into base, emitter extracts
(collects) electrons from base:
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Base injects holes into collector, holes recombine at
collector contact and buried layer:
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Collector current:
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Typicaly, by » 0.1-5<<hb..
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Cut-Off Regime: Vge <0, Vg <0

n-Emitter p-Base n-Collector
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» Base extracts holes from emitter:

g =- S =]
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e Base extracts holes from collector:

|82:_ I_S:_|C
br

« These are tiny leakage currents (»10% A).
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Saturation Regime: Vg >0, Vg >0

n-Emitter p-Base n-Collector
;E ® xnnnj\.rwu" "u-”h%quf @
v, r'-.g.r\,-“\ﬂnr ) o xﬂwkm
(] ||
| | | [
Vpe >0 Vpe >0
Minority Carrier profiles (not to scale):
emitter base collector
PnE, 4 NpB 4 PnC

ano: _________________

: PnCo

-We-XBE -XBE 0

6.012 Electronic Devices and Circuits—Fall 2000

Wg Wg+Xge Wpg+XpctWe

Lecture 17

-
-

10

X



Saturation Regime: Vg >0, Vg >0

Saturation is superposition of forward active + reverse
active:
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|- and I can have either sign, depending on relative
magnitudes of Vg and V- and b and by,.

 In saturation, collector and base are flooded with
excess minority carriers b it takes lots of time to get

transistor out of saturation.
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2. Large-signal equivalent circuit model

System of equationsthat describes BJT operation:
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Equivalent-circuit model representation (non-linear

hybrid-p model) [particular rendition of Ebers-Mall
model in text]:

Three parametersin this model: I, b, and by.
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Simplification of equivalent circuit model:

e Forward-activeregime: Vge >0, Vg <0

C C

: ® = °7 O

VeEon ==

E E

For today’ s technology: Vg, » 0.7 V. |5 depends on
outside circulit.

* Reverse-activeregime: Vge <0, Vg->0
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For today’ s technology: V¢, » 0.6 V
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Simplification of equivalent circuit model:
« Saturation regime: Vg >0, Vg>0
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For today’ stechnology: Vg o » 0.1 V. I and I ; depend
on outside circuit.

e Cut-off regime: Vg <0, Vg <0
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Only negligible leakage currents.
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3. Output Characteristics
Common-base output characteristics:

IC,;

Common-emitter output characteristics:

Ic .

Vce=VcB+VBE
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Common-base output characteristics
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Common-Emitter Output Characteristics

i Measurement Results
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What did we lear n today?
Summary of Key Concepts

Forward-active regime: most useful, device has
gain and isolation. For bias calculations:

B — C
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Saturation Regime: device flooded with minority
carriers. Not useful. For bias calculations:

Cut-off Regime: device open. Useful. For bias
calculations: c
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