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Chapter 5
Bipolar Junction Transistors (BJTS)

Sedra/Smith, Sections 5.1-5.9
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Outline of Chapter 5

e 1- Introduction to The Bipolar Junction Transistor
e 2- Active Mode Operation of BJT

« 3-DC Analysisof Active Mode BJT Circuits

e 4-BJT asan Amplifier

 5-BJT Small Signal Models

o 6- CEA, CEA with R., CBA, & CCA

e /- Integrated Circuit Amplifiers
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Transistors

* A three terminal deviceisrequired to
Implement current switches and

______ ' amplifiers.
. 5 ; — need voltage control terminal
Control 5 — used to control current flow through
—» ' other two terminals
v,

o All four ideal amplifier
configurations (section 1) employ
dependent sources.

A small Control “voltage’ can allow
alarge changein “current”.
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Bipolar Junction Transistor (BJT)

e 3terminal device in which the voltage across 2
terminals controls the current flowing in/out of a
3'dterminal:

No Body
l e Terminal
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BJT Active Mode Terminal Equations

« Voltage across 2 terminals (base/emitter) controls
current at the 39 (collector):

) Vv
. =1 exp(\\//ij I =1y exp(%j
T T

npn pnp

e Additional observation (appliesto both transistor
types) — total input current equals total output
current: - - - In MOSFETSi,=i

IE _IC +|B and i;=0 )
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Active Mode Base & Emitter Terminals
N

» Between the Base and the
Emitter, have a pn junction; thus
looks like a diode

e Acrossthisjunctionin active
mode, DC operating voltage is ~
0.7V, just like adiode

* \When the current begins
to flow, aLARGE
number of electrons from
the emitter region enter
the base region.
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Active Mode: Base & Collector Terminals
P N
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BASE

e Sincethe Base-regionis
» Between the Collector and the so thin, the carriers from

Baseisapn junction as well, the emitter region are

e In active mode, thisjunction is swept into the collector
either reversed biased, or zero region.
bias (Vg = 0).
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Active Mode: Collector & Emitter Terminals
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EMITTER CE COLLECTOR

e Between the Collector and the Emitter a LARGE current
flows,

 Controlled by a small voltage: V g¢.
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The pnp Bipolar Junction Transistor
P N P
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4 M odes of operation
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Rever se Active reverse forward
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Collector Current

e Based on device operational
principles, we write adiode-like i = 1. exp Vee
. . . S
equation for the current flowing in .
the collector:

. IS IS the current-scale factor or saturation current
— Proportional to area of the base-emitter junction

— Inversely proportional to base region width
— Inversely proportional to doping level in base
— Between 1012 and 10-18A, typically, in ICs

— Strongly dependent on temperature
(doubles every 5°C increase)
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Base Current

e Base current has two components
— hole diffusion current from base to emitter
— electron recombination in base

e The base current also has adiode-like expression
for current, but is afraction of the collector
current. It isgiven in terms of a parameter called
the common-emitter current gain, 3, and the
collector current:

_ e

g =<
p
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Transistor 3

e Transistor Beta(p)
— Alwaystreated as afixed constant in EC1
— Inreality, dependent on |, V -5, temperature, and operating
frequency
— Bistypically between 100 and 200
— A large B represents an efficient BJT

e Vaationsin
— For large |-, recombination increases (3 decreases)
— For elevated temperatures, number of free holes in base region
Increases (3 decreases)
— AsV g Increases, effective base width (W) decreases (3
INcreases)
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Emitter Current

e Emitter current: |E — |C + |B

* Intermsof |- and the
common-base current
gain, o

|
_ _ C _

lc=a.; <«

P
[+1

1

s+l
p

I

e Intermsof lg: I =l.+1,=8,+1, =(8+1)I,

| :(:8+1)|B
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Active Mode Biasing

e Conceptual biasing
arrangement: e Vge=07V

(forward bias B-E junction)
Co | e
—— Vg l e B-C junction kept from
'% L b forward-bias conduction
B ~ — Inprinciple, Vg = -0.5V
T Vg when cut-in voltage of 0.5
Eo l e is assumed

— In simplified cases Vg > OV
— IS sometimes assumed

V. >V, >V.: V. ~ 0.7V
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| vsV g for Constant V¢

For constant V ¢, |- vs. Vg follows adiode |-V curve,
consistent with I vs Ve relationship: | | [VBE J

T

E.Dmﬁ—r———————————————-—-__________________I
Constant V¢
Co llc :
I +
— %O VCE 4.DmA—E
Ve B N -
VBE__ EO \I/IE

0A 4 ,
— ov 100my
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Ideal |- vs. V¢ curve indicates no dependence on V¢
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Real | - vSVge/V g Curve

LOMA — = = = = = = = oo o oo

Vges > Vger > Ve

Real |- vs. V¢ curve indicates dependence on V¢
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npn BJT Fam

Family of curves
describes |- vs.

3 Modes of operation:
— Active

— Saturation

— Cutoff

Active mode for analog
applications

Saturation/cutoff for
digital applications

Satur at iAon

OA

Ily of Curves
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Vges > Vger > Ve

:VBEB
iVBEZ
Vel
Cut-Off |
““““““ e Ve
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| VSV for Constant Vg

Linear dependence on |- vs.

V e for constant V g
* For constant Vg and small defined as the Early Effect

V g, BJT In saturation:

0. 0mA—-----—"—-
T T

Ve[ B N B} E " Active Mode;
— 11| | EarlyEffect
Vee e —
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Modeling the Early Effect

» Extrapolated curves e V, isthe Early voltage
intersect at common -
: — typically 50 to 100V
point (-V ,, O) YR
e o =1, exp[vi](brvi) -
VT VA -
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BJT Output Resistance

T T - Nonzero slope of 1~ vs
V ¢ ISameasure of the
v, output resistance |ooking

f/ into the collector.
Z - Defined r, as the BJT

output resistance:
- 1-1
I = ol _Va
i il 0 B GVCE Vg =Const. I C
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Summary of npn Active Mode
Characteristics

. =1, exp(vij[br Vij
V. V,

V
IB:I_C ro:_A
p I
. =al. azﬁ'glzl
_|_
I =(B+1), Ve 2O
I =1.+1;

BJTs 23



@ McG1]] Bevartment of Electrical and ECSE-330B Electronic Circuits|

Computer Engineering

Bipolar Junction Transistor (BJT)

e 3terminal device in which the voltage across 2
terminals controls the current flowing in/out of a
3'dterminal:

npn BJT
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Active M ode Biasing

e Conceptual biasing ¢ V=07V
arrangement.: (forward bias E-B junction)

V+ | * C-B junction kept from
* T vy forward-bias conduction
EcC
l, P _ . . )
= < B I& v In principal, Vg > -0.5V
Vye —— c — Vg >0V in simplified
- N Cases

Ve 2V >V Vg = 0.V
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Summary of pnp Active Mode
Characteristics

o]V e
V. V,

pPNp
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l=1_+1,
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pnp BJT Family of Curves

Family of curves
describes |- vs.

3 Modes of operation:
— Active
— Saturation
— Cutoff

Active mode for analog

Satur at iAon

applications ox

ov

Saturation/cutoff for
digital applications
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