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NON-LINEAR CIRCUIT ANALYSIS
LECTURE 14: THE BJT

Instructors: Alex Jaeger, Anthony Wall
Coordinator: Prof. Padraig Cantillon-Murphy



LECTURE SCHEDULE

Thursdays 11lam-1pm
(with short break)

Back to usual this Thursday, 3rd March



LECTURE NOTES

https://www.jaeger.ie/ee2013/lec14
Uploaded after lecture takes place

QUESTIONS?

Just ask whenever it comes to you!
OR:
anthony.wall@mcci.ie on Email, Teams or Canvas


https://www.jaeger.ie/ee2013/lec14
file:///Users/anthonywall/Desktop/EE2013_Lectures_Temp/lec14_BJT/anthony.wall@mcci.ie

1 Review from last time

The MOSFET gate capacitance can have a significant impact on
the response of the device in switching applications. For a MOS-
FET with a threshold voltage, Vp, Cag can result in measurable
delay on turn-on. A typical power MOSFET might have Cgg »
1-10 nF' so that even for circuits switching in the kHz range with
significant input resistance, delays at turn-on will inevitably occur.
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As well as Cgg, there is also significant capacitance between the
MOSFET drain and source, Cpg, which leads to dynamic power
dissipation on switching. In a simple digital logic inverter operating
at 50% duty cycle, the total power losses given below includes both
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2 The Bipolar Junction Transistor (BJT)

A second type of transistor is the bipolar junction transistor. Its
circuit symbol and large-signal model are shown here. It finds
application in demanding analogue circuits, especially for very-
high-frequency applications, such as radio-frequency circuits for
wireless systems.
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CIRCUIT SYMBOL FOR BJT
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circuit symbol and large-signal model are shown here. It finds
application in demanding analogue circuits, especially for very-
high-frequency applications, such as radio-frequency circuits for
wireless systems.

KQMPIVI/AQ/ MQSFET B CyMr

Dres \ﬁ C
Goke [/F:O#Pl{] ?
Suue C 4 C %
i T <+> Pig
7 b . B—7 o
'CE
Bose 1% N Vf=oev
i 3
E - *E
L/“MW

CIRCUIT SYMBOL FOR BJT LARGE SIGNAL MODEL
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In the active region (where the device normally operates), the
piecewise linear model for the BJT is as follows:

i BZB 1f iB>O and UCE>UBE_O-4V
“7o otherwise

The second condition on vog and vgg is necessary to maintain the
internal diode between the base (B) and collector (C') terminals in
reverse bias. Once this condition is satisfied, a simpler model can
be used, shown below, where the internal potential drop across the
base-emitter diode is approximately 0.6 V. The large signal model
shown above only apply in the forward active region of operation.
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SIMPLIFIED LARGE SIGNAL MODEL

The emitter (E) current, ip, is given by KCL:
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3 The Common Emitter BJT Amplifier

The common emitter amplifier resembles the MOSFET common
source amplified based on a BJT'. This BJT amplifier configuration
is called a common emitter amplifier since the emitter terminal of
the BJT is common across the input and output ports. Using
the piecewise-linear model for the BJT, we will determine the re-
lationship between vo and wvyy, assuming that the BJT device is
operating in its active region.
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3.1 Numerical Example

We will analyse the common emitter amplifier for the following
values; Ry =100 k€2, Ry =10 k2, =100, and Vg =10 V.
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4 Small Signal Model for the BJT

For the small signal model of the BJT, the base-emitter diode can
be replaced by a short circuit since we assume that the DC or bias
conditions maintain it in forward bias. Therefore the small-signal
model for the BJT is simply a linear current-controlled small signal

source, as shown below. ey
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To calculate the small-signal output voltage, v, replace the BJT
with its small signal model and consider the small signal circuit.

The small signal model is shown below:



To calculate the small-signal output voltage, v, replace the BJT
with its small signal model and consider the small signal circuit.




4.1 Example: Small Signal Gain of the Common Emitter Amplifier

We compute the small-signal gain (v,/v;,) for the BJT common
emitter amplifier, assuming that the amplifier operates in its active
region. Again, Ry =100 k2, Ry =10 k), 5 =100, Vg =10 V and
the input bias voltage is chosen to be Viy =1 V.
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The linear small signal response of the common emitter amplifier
makes it a good amplifier for high fidelity audio amplifier designs.
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The linear small signal response of the common emitter amplifier
makes it a good amplifier for high fidelity audio amplifier designs.



