Lecture #29
Small-Signal Modeling and Linear Amplification - Part 2: BJ Ts

Outline/L ear ning Objectives:

* Describethe BJT as an amplifier.

» Define and describe the small-signal-model of the BJT.

e Anayze BJT amplifiers using atwo-part process.

» dc Anaysis. (1) construct the dc equivalent circuit; (2) solve for the Q-point.

* ac Analysis: (3) construct the ac equivalent circuit; (4) replace the BJT by its small-signal model; (5)
solve the ac circuit.

* Anayzethe BJT common-emitter (C-E) amplifier.

» Usethe electronics laboratory to investigate the electrical behavior of simple circuits and devices.

Transistor as an Amplifier
Small signal parameters of bipolar junction transistor (BJT)
Voltage gain (Ay), input resistance (Ryy), output resistance (RoyT)

Maximum input and output sighal amplitudes
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The Bipolar Junction Transistor Amplifier

Vgg = Vgg t Vpe and 10 = v + iCRC (Load-Line Equation)
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BJT Common-Emitter Amplifier

ig = 15uA, ic = L5mA since f = 100
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Collector Current (mA)
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Small-Signal Modeling

1= Y1V HY1Vai o = YV T YoV o
ib = Y11Voe T Y12Veer ic = Y21Voe T Y22Vce i | Ti o
Veg = Vg * Vpe and Vg = Vg + Ve, e = Vee
g = lg+ipand ic = lo+i. “be NJ. -
Vpe = AVgg = Vgg — Vg and
Vee = AVee = Ve~ VeE:
I, = Alg = ig—lgand i, = Al = i-—1¢.
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Beg is the value of B extrapolated to v
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Things To Remember
Y parameters have equivalent circuit representation
The current gain is actually a function of both the BE and BC voltages
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Y12 = aVCE op =0
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Here, B, = _C isthe small-signal common-emit-
0 9dig

ter current gain.

The Hybrid-pi small-signal model of the BJTisas |O

shown.

For By = 100, V, = 75V, V
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Two-Port Representation

= 25mV and, Vg = 10V, we get

Summary:

T
lc Om I o st

1 A 4x10° S 25MQ 85 MQ 3400

10 pHA 4x104 S 250 kQ 8.5MQ 3400

100 uA 0.004 S 25 kQ 850 kQ 3400

1 mA 0.04S 2.5kQ 85 kQ 3400

10 mA 04S 250 Q 8.5 kQ 3400
Y1 = e/ (BoVy) = /1 |and |y, = 0

Yo1 = lc/V1 = 9
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Small-Signal Current Gain

BO = gmr

1Y

OB |

m >0 for 'C<|M
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Amplification Factor (p. 600)
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This is the maximum voltage gain an individual transistor can provide.
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Equivalent Forms of Small-Signal Model

Vhe = Iplz| .

and

gmee = gmrn'b = Bo'b

Vv
. . ce _ .
Ic - Bo'b+ r '”Bo'b
0

Voltage-controlled current
source (VCCS) model

Current-controlled current
source (CCCS) mode

Definition of Small-Signal for the BJT (p. 602)
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. Vhe lVbe2 lVbe3 : :
Using ic = | 1+V:+§V_T +éV—T +..|land i, = i.—1-, weget
2 3
Vv \' V
. . be | 1 Vbe 1 Ybe
from lc = IC_IC that lc = |C|:V—T+§(V—T] +6[V_T] +} .

2
Now linearity requires that 1 Toe| The or v, «2V.
2 VT VT be T

Using a factor of 10 to satisfy the inequality, we get, ||v,J < 5mV]|.

v
Now, we can write that |i-= Ic{l + Vij = e+ 9,\Vpel-

'_c _ IC_IC _ ImVbe _ Vbe< 5mV

= < = 0.20].
e e Ic Vo 25mV

A 5 mV change in Vg corresponds to a 20% deviation in ic from its Q-point as well as a
20% change in ig since ig ~ ic.
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Summary of BJT Small-Signal Parameters

Parameter BJT
Transconductance gy, | o/ V7
Input Resistance R .= By/9y, = BV1/lc
Output Resistance RoyT (Va+Vep)/le=Va/lc
Amplification Factor ¢ Onlo = (Va+Vep)/ Ve
Small-Signal Requirement Vpe < 5MV

Small-Signal Model for the pnp BJT
This is identical to that of the npn transistor.

Remember that the dc currents in a pnp transistor flow in an opposite direction to that
in a npn transistor.
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