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Transistor Biasing: Voltage Divider Bias, VDB Analysis, VDB Load line and Q point,
Two supply Emitter Bias, Other types of Bias.

BJT AC models: Base Biased Amplifier, Emitter Biased Amplifier, Small Signal
Operation, AC Beta, AC Resistance of the emitter diode, Two transistor models,
Analyzing an amplifier.

Voltage Amplifiers: Voltage gain, Multistage Amplifiers.

CC and CB Amplifiers: CC Amplifier, Output Impedance, Cascading CE and CC,
Darlington Connections, Voltage regulation, The Common base Amplifier
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Voltage-Divider Bias

(&) (b)

Voltage-divider bias. (a) Circuit; (b) voltage divider;

. . . . Ve = Vee = IcR
(c) simplified circuit C cc — Ichc

VCE == VC = VE
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Accurate VDB Analysis

What is a well-designed VDB circuit? It is one in which the voltage divider appears stiff to the input resistance of the

base.
Q ‘I'VEC
R A
n,g ¢
+ +

—{ -— HTH’ ——r VCC RIN — =5 VCC
= +

Hgg Vg j; Re Re

{al

(a) Thevenin resistance; (b) equivalent circuit; (c) input resistance of base

Stiff voltage source: Rg < 0.01R;

When this condition is satisfied, the load voltage is within 1 percent of the ideal voltage. Now, let us extend
this idea to the voltage divider.

Rl”RZ < 0.01Ry
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Accurate VDB Analysis

RN = BacRE
Stiff voltage divider: R,||R, < 0.018,R;

Firm voltage divider: R,|R; < 0.1B4Rz

Ves — Vie

IE —
Rg + (Ry||R2)/Bac
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VDB Load Line and Q Point

O +10V

1.1mA [-——————————= ==

494V Veeicutomn

p

Start by making the emitter voltage approximately one-tenth of the supply voltage:

VE = 0.1 VC‘C
Next, calculate the value of Rg to set up the specified collector current:
o Ve

E= Ip

Since the Q point needs to be at approximately the middle of the dc load line, about 0.5 V¢ appears
across the collector-emitter terminals. The remaining 0.4 V¢ appears across the collector resistor; therefore:

Rec =4 Rg
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Two-Supply Emitter Bias

| | +10V
+
3.6 k02
3.6 kQ2
e

Ve =Vee = IcRc
VCE = VC + 0.7V
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Other Types of Bias

Emitter-Feedback Bias

+Viee
+Viee

Iy = Vee — Ve

L " Rg + Rp/Bac
R Hc RB% 3
B Ve = IgRg
I\.‘ VB - VE + 0.7V
Ve = Vee — IcRce
(b}

{al

(a) Base bias; (b) emitter feedback bias.
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Other Types of Bias

Collector-Feedback Bias

+Vep

Ac

R — Yocc—VaEe

P =
Rc +Rg/Bac
Ve=07V

Ve = Vee — IcRc

+15V
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Other Types of Bias

Collector- and Emitter-Feedback Bias

= Vee — Ve
R¢ + Re + Rp/Bac
+vcc-
VE = IERE
RC

VB-: VE+'}.TV

Ve = Veec — IcRc

Re
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Base-Biased Amplifier

A base-biased amplifier has instructional value because its basic ideas can be used to build more complicated amplifiers.

c
SHORT o—{H
v{’]J} %Fr v(i} %F’ DC
[ S s
(a) (b)

Coupling Capacitor

AC
(e}

Good coupling: Xc <0.1R

A final point about coupling -capacitors: Since dc voltage has a frequency of zero, the reactance of a
coupling capacitor is infinite at zero frequency. Therefore, we will use these two approximations for a capacitor:

1. For dc analysis, the capacitor is open.

2. For ac analysis, the capacitor is shorted.
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Base-Biased Amplifier

(a) Base bias; (b) base-biased amplifier
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Base-Biased Amplifier

1]

(-1

15Ukw
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DC and ac components. (a) Base current; (b) collector current; (c) collector voltage.
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Base-Biased Amplifier

Base-biased amplifier with waveforms
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Base-Biased Amplifier

Base-biased amplifier with waveforms
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Base-Biased Amplifier

Voltage Gain
The voltage gain of an amplifier is defined as the ac output voltage divided by the ac input voltage. As a
definition: )
Ay= ==

Calculating Output Voltage

Vout = Ay Vin

Calculating Input Voltage

- Vout
=
1 Al."
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Emitter-Biased Amplifier

The base-biased amplifier has an unstable Q point. For this reason, it is not used much as an amplifier. Instead, an emitter-

biased amplifier (either VDB or TSEB) with its stable Q point is preferred.

Bypass Capacitor

A bypass capacitor is similar to a coupling capacitor because it appears open to direct current and shorted to alternating

current. But it is not used to couple a signal between two points. Instead, it is used to create an ac ground.

R E

R E

AC
GROUNL
('

-]

(a) Bypass capacitor; (b) point E is an ac ground.
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Emitter-Biased Amplifier

VDB Amplifier

V=18V
VE= 1.1V
Ve=6.04V
Ic=1.1 mA

VDB amplifier with waveforms.



L JA 1T M E

e College of Engineering

Emitter-Biased Amplifier

TSEB Circuit

I\
I{: 1 /I?> %mﬂkﬂ

07V 1
100 uV @ 2.7 k(2 g -
1 ki2 I

A two-supply emitter bias (TSEB) amplifier
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Small-Signal Operation

10 mA

_ _ _ _ Definition of small-signal operation
Distortion when signal is too large.

Ig = IEQ +
where [ = the total emitter current

Igg = the dc emitter current
i, = the ac emitter current

To minimize distortion, the peak-to-peak value of i, must be small compared to /gg. Our definition
of small-signal operation is:

Small signal: i,(,,) < 0.11, (9-6)



L JA 1T M E

e College of Engineering

I

The current gain in all discussions up to this point has been dc current gain. /\j 7l
This was defined as: _Ic i
Bac = I E

The ac current gain is different. It 1s defined as:

p=" '

Ip

AC current gain equals ratio of changes.
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AC Resistance of the Emitter Diode

AL resistance of emitter diode.

When a small ac voltage is across the emitter diode, it produces the ac 4
emitter current shown. The size of this ac emitter current depends on the
location of the Q point. Because of the curvature, we get more peak-to-

peak ac emitter current when the Q point is higher up the graph /\/ R

; , : : ; * Vae
The ac emitter resistance of the emitter diode 15 defined as:

p
r, = —be

le
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Two Transistor Model

T model of a transistor.

- . . odel of a transistor.
Defining the input impedance of the base. T MOGEl O & Transision

e b
74 s o
;':- n t ‘l'-' & L/l ie
P %" Y o
o Zinlbaze)
re ra
A;J, fe 4 e J’J‘.
(al () (& ]

Looking into the base of the transistor, the ac voltage source sees an input impedance zwwso. At low frequencies, this impedance
is purely resistive and defined as:

) Substitute this equation into the preceding one to get:
be .
Zin(base) = ~ _ Vi _ Q.
I <infbase) — . T .
Ih Ib
Since i, = i, the foregoing equation simplifies to:

. ki r
Vhe = J'fr; Zin(base) = .ﬂre

Applying Ohm’s law to the emitter diode of Fig. 9-17a, we can write:
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Analyzing an Amplifier

Amplifier analysis is complicated because both dc and ac sources are in the same circuit. To analyze amplifiers, we can
calculate the effect of the dc sources, and then the effect of the ac sources. When using the superposition theorem in this

analysis, the effect of each source acting alone is added to get the total effect of all sources acting simultaneously.

The DC Equivalent Circuit

The simplest way to analyze an amplifier is to split the analysis into two parts: a dc analysis and an ac analysis. In the dc
analysis, we calculate the dc voltages and currents. To do this, we mentally open all capacitors. The circuit that remains is

the dc equivalent circuit . Needed to calculate r,’

AC Effect of a DC Voltage Source a - AC GROUND

X ﬂo%(?

=s
-
:
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Analyzing an Amplifier

AC Equivalent Circuit

After analyzing the dc equivalent circuit, the next step is to analyze the ac equivalent circuit. This is the circuit that
remains after you have mentally shorted all capacitors and dc voltage sources. The transistor can be replaced by either the

model or the T model.

Base'Biased Ampliﬁer (a) Base-biased amplifier; (b) ac equivalent circuit.
1 C + Ve
2
n,,g -
|{ fj?)
i \\t‘_‘> A,
¥in
= . = =
B c
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Analyzing an Amplifier

VDB Amplifier
(a) VDB amplifier; (b) ac equivalent circuit.
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Analyzing an Amplifier

TSEB Ampllfler ure 9-22  (g) TSEB amplifier; (b) ac equivalent circuit.
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Analyzing an Amplifier

CE Amplifier

Main Idea

1. Short all coupling and bypass capacitors.

2. Visualize all dc supply voltages as ac grounds.
3. Replace the transistor by its or T model.

4. Draw the ac equivalent circuit.
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Voltage Amplifiers: Voltage gain

Voltage gain was defined as the ac output voltage divided by the ac input voltage. With this definition, we can derive

another equation for voltage gain that is useful in troubleshooting.

e 10-1 (g} CE amplifier; (b) ac equivalent circuit with 7 model; (c) ac equivalent circuit with T model

(b}
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Voltage Amplifiers: Voltage gain

The ac base current 1, flows through the input impedance of the base ( re). With Ohm’s law, we can write:
— aF
Vin = ipPre

In the collector circuit, the current source pumps an ac current i.through the parallel connection of Rcand R..
Therefore, the ac output voltage equals:

vour = i Re | Re) = Bis(Re || Ry

Now, we can divide v, by v, to get:

Vou _ Bin(Rc | RL)
Vi ipPre

A'Lr =

which simplifies to:

_ (Rc | Rr)

A'i_-" i
Fe
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Voltage Amplifiers: Voltage gain

In Fig. b, the total ac load resistance seen by the collector is the parallel combination of RC and RL. This

total resistance 1s called the ac collector resistance, symbolized r,. As a definition:
re=Rc| R

Now, we can rewrite Eq. (10-1) as:
A'ir = f_c’_
Fe

Derived from the T Model

Figure ¢ shows the ac equivalent circuit using the T model of the transistor. The input voltage v,, appears across r..
With Ohm’s law, we can write:

— H r
Vin = Il
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Voltage Amplifiers: Voltage gain

In the collector circuit, the current source pumps an ac current i through
the ac collector resistance. Therefore, the ac output voltage equals:

PHLL'I. _— i{'rl‘.'
Now, we can divide v, by v, to get:

..I'q.'lr-"= 1":'1.'I'I.I'|. _ :-I'.'rl‘.'

m = P
Vin Ll

Since i. = i., we can simplify the equation to get:

¥
¥
&

..-‘-‘lp =

This 1s the same equation derived with the 7 model. It applies to all CE
amplhifiers because all have an ac collector resistance of r. and an emit-
ter diode with an ac resistance of r..
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CC Amplifier

2 11-1  Emitter follower and waveforms.
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CC Amplifier

AC Emitter Resistance

re=Rg| Ry

Voltage Gain
Vout = leTe
Vin = ie(re + 1)
Divide the first equation by the second, and you get the voltage gain of the emitter follower:
Ie
re+r,

Ap=
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CC Amplifier

9
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{al

AC equivalent circuits for emitter follower.

Input Impedance of the Base Input Impedance of the Stage

Zin(base) = P(re + 1¢) Zin(stage) = R || Rz || B(re + 12)
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Output Impedance

H-E
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Input and output impedances
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Output Impedance

Output impedance of CE stage.

q> e Rc % Ry Vih % R Vou
& | @ i

(a) (b)
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R; | R, “Rz)
B

Zout = RE || (re' +

g
Rg R, R; A
. &
Ideal Action

Zout =

A'A" 1
Vin ? R.L Vout

(b)

Output impedance of emitter follower.



