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The transistor as a single-stage
amplifier (BJT)

OBJECTIVES

 To understand the principle of amplification by BJT.
 To know and use small-signal equivalent circuits of BJT.
« To know the basic parameters of small signal equivalent

circuit: hfe, Bo, gm, rx, ro. To calculate them from the data
of the bias point.

 To analyze small-signal circuits for single-stage BJT
amplifiers: common emitter.
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Concept of amplification with BJT
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l = Small changes of Vi result in greater variation of
— Vo, thus gain Vo/Vi is provided

= [t should be around a bias point VBE-Q, VCE-Q
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The transistor as an amplifier
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= VBB is a continuous source that
with RB provides a bias point or
polarization:
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= A variable signal is coupled to
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Dynamic load line
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» Small changes in base-emitter voltage and in base current are
produced around the bias point of the device .
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Static load line
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= The collector current varies proportionally to the base
current (and base-emitter voltage).

» There are variations of the collector-emitter voltage (output)
amplified related to the input voltage signal.
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Example: common-emitter amplifier
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EXAMPLE

= RC =3 kQ
= RB = 15 kQ
»VCC =18V
VBB=1,2V
=3=100

"vi=0,2V (peak)
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AV, = +200mV
Vs, = 0,6V
I, =40u4

AV, =+50mV

Al ~+10p4

[, =4mA
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Veg, = oV
Al = +1mA
AV, = X3V




Small-signal variations
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= Relationship between variations
of the collector current and
changes in the base-emitter
voltage (transfer curve).

= |f there are small variations
around the bias point (small
signal) a linear approximation of
transconductance gm can be
established

= Small-signal changes in the
transfer function is generalizable
to other transistor devices (FET)




GENER

Small-signal equivalent circuit
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IC: BJT, JFET, MOSFET, Others.
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Transconductance model of BJT:
7C - Hybrid Model
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BJT full model: With parasitic capacitances and
parasitic resistances (Common-Emitter)
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BJT simplified model: Without negligible parasitic
elements and for low frequency (Common-Emitter)

re,rc = 0, Z;— o
Low frequency: Real(Z.,), Real(Z, ) — oo
Still simplifiable: ro — 0, ro —
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7U - Hybrid Model
(Ebers-Moll Equations)
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Small Signal Parameters
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« Datasheet BC547 BD335 2N222
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Search BC547, BD335, 2N222 in
ob. Gib http://www.fairchildsemi.com/
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Summary : Small-signal equivalent
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Example: small signal analysis

Vcc
@
= RC =3 kQ = \/BE-on = 0,6 Vv
= Re * RB = 15 kQ = BF = 100
«VCC =18V
LB
RB + =VBB=12V
WA—— at “ Vg = 0,2 V (pico)
op v
— VBB = ) Vi, = 0.6V
I, ~40ud
= (1) BIAS ANALYSIS _ —
V=0V I, =4mA
Veg, =6V
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Example: small signal analysis
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Small signal analysis of amplifier

Clrcults

METHODOLOGY

1.

4,

Analyze the bias circuit (DC) with the signal sources
removed (superposition) and the coupling and
decoupling capacitors as open circuits. Obtain the bias
(quiescent) point.

Calculate the small signal parameters of the transistor
with the data of the DC analysis.

Represent the small signal equivalent circuit of the
devices with external signal sources. Cancel DC
sources (superposition). Goupling and decoupling
capacitors as open circuits at mid-frequency.

Obtain the characteristics of the amplifier.
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Exercise: Gm amplifier

+\VVee=+5V
]
RE
DATA:
?l “o 1 c BJT Transistor
RB RL - VEC-SAT == 0,2 V
100k lo
v/ |10k V, =100V
N N C >
o
-Vee=-15V

- Calculate RE that makes the current lo through the load RL to be 1 mA.

*What is the operating region and plot the output characteristic and load line.
 Draw the small-signal equivalent circuit. Obtain the small-signal transconductance
gain io/vg (io is the current signal through RL).
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