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Final Exam Topics Overview

BJT characteristics and biasing.

BJT switching applications.

BJT amplifiers (e.g. DC analysis, AC analysis, and frequency
response).

BJT further circuits (e.g. other models of BJT configurations,
cascaded amplifier, and other BIJT circuits).



Final Exam Format

* It covers ALL second-half contents.
* 2 hours duration.
* Theoretical, analytical, and design questions.
* A list of selected formulas and constants are provided.
* Bring to the exam:
* Dictionary.
* Calculator.

* Ruler for sketching.



BJT Characteristics and Biasing

lc , Saturation Mode

* CharaCtenSt'CS and propertles .._..:-._AmpliﬁcationMode—-
of BJT transistor: ' s > o
!
e Forward biased. : o
! lgs > lg2
* Reverse biased. :
! lgz > Ip
* NPN and PNP types of BJT / o
transistor. e
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BJT Characteristics and Biasing

Dual voltage source biasing circuit analysis and design:

e Currentsin the BJT:
IE — IC + IB

|+

e Current gain of BJT:

e Currents and voltages:

VBB T VBE VC = VCC — ICRC
Rp

Ig = (14 Bpc)lp Ve = Rp

Iy =




BJT Characteristics and Biasing

Potential divider bias circuit analysis and design:

* Thevenin resistance:

v, = k2 d Vo = [—22_\y
Th = R, + R, an Th = cC Ve

* Voltages and currents:

VB E

Rg + Ryn/Bpc
=1, ~—@ )Bic

Ve = IgRg § % § Re

Ig = Vrp —




BJT Characteristics and Biasing

* Load lines of circuit and Q-point.

Q'pOint - (VCQ' ICQ)

|
0 l VCE('sul)

* For given Q-point, the extreme points in load line:

VCC
IC(Sat) — R_C and VCE(cutoft) = Vee



BJT Characteristics and Biasing

BJT regions Of Operation: le ¥ Saturation Breakdown
* Cut-off region. Ins
fi Active

* Saturation region. I5;
* Active region. / I

i IB:
* Breakdown region. /

L 15=0
R

Ve
BJT applications: cutelf

* Switching application -> cut-off and saturation region.

 Amplifier application -> active region.



BJT Switching Applications

e Characteristics and properties (i.e. saturation and cutoff).

* Examples of switching application.
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BJT Amplifiers (DC Analysis)

I- (mA) +\ +Y
A —
60
Emitter bias Base bias
50
s Iy =400 uA
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20 __:______:__ 2 Iy =200 A )
I | | . )
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e DC gain of the

iwhen Vv, is not

ifi nd-referenced
amplifier. ground-referenced)

@

* Input biasing. AN ;
 Output biasing. v j _E_




BJT Amplifiers (AC Analysis) .,

Rc Cs

* Input resistance.
P L (o,
* Output resistance. C ol Output coupling
. o /I capacitor
* AC gain of the amplifier: Input coupling
. . . capacitor
* With emitter capacitor. § R §RE —L_ (. Bypass
- " capacitor
* Without emitter capacitor. 1 1 1

Role of decoupling and bypass capacitors:
* |nput capacitor
* Qutput capacitor

* Emitter capacitor



BJT Amplifiers (AC Analysis)

* Internal emitter resistance:

+Vee
25 mV
r, & ——— R G
' T e
. . . Qutput coupling
* Total input resistance into ' oo
Input u»uplm -
transistor: T T e
' I c;;pacimr
Rintory = R1 Il Rz I Ry = = =
* AC input resistance into the

R
1.0 k2

base: , @g Re
1.0k

Rln o Bacre B g?ﬂm Vs

22 kL)




BJT Amplifiers (AC Analysis)

» Total output resistance of transistor:

Rout = RC | RL

* Total gain of amplifier:

Input u)uplln %

R
Av — out capacitor
Te + Rg
Or
_ Rout
A, =
Te %o— Vo

* Power gain:

A, = A4

A

Output coupling
capacitor

capacitor




BJT Amplifiers (Frequency Response)

Lower frequency cut-off (f = 1/2nRC):

* Input decoupling capacitor. §;~ gh I(
‘o _ 1 oY+ @
AP 2 (Ry I Ry 1l Bac)C -
e Emitter bypass capacitor. @ 3 v
P 1
C(emitter) —
ac

e Output decoupling capacitor.

1
fC(output) — 27T(RC + RL)C3




BJT Amplifiers (Frequency Response)

* Lower frequency cut-off due to input and output coupling
capacitor (f.;1 and f;;») and emitter bypass capacitor (f,;3).

Fewl el



BJT Amplifiers (Frequency Response)

Upper frequency cut-off:
* From datasheet of the BJT: Ve
Cp. = BJT output capacitance
* Input parasitic capacitance:
Cinmitter) = Cpc(Ay — 1) .
* Qutput parasitic capacitance: ' @ 2 3k

A, +1
Cout(Miller) = Cpc 2
v




BJT Amplifiers (Frequency Response)

* Upper frequency cut-off due to input and output parasitic
capacitances (f;y1 and f.;2).
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BJT Further Circuit

e Common-Emitter Amplifier (with S wamping)

e Gain of Common-Emitter

Amplifier (without
Swamping)

R
A, = f
Te

e Gain of Common-Emitter

Amplifier (with Swamping)

R¢
10+ Rpy

Ay



BJT Further Circuit

Other BJT circuit configurations:

R,

Vee

VW

—

£

T

$

. 4 i i Bm" =100
BDC = (){)
V.

Common-Collector Amplifier

1|

Common-Base Amplifier



BJT Further Circuit

* Capacitively Coupled Multistage BJT Amplifiers

| st stage

7
I'CC

:

2nd stage

3

3

ot



BJT Further Circuit

* AC resistance:
+ 1stage: Ry = R | Rs Il Rg Il Ringoase2)
e 2Mdsgstage: R, = R;

* Gain of the amplifier:

* 1ststage voltage gain:

_ Req
Avl — 7,,e/
« 2" gtage voltage gain:
R,
Ayy =—
re

* Overall gain: Ay (totary = Avidv:



BJT Further Circuit

* Direct Multistage BJT Amplifiers

15t stage voltage gain:

Rz 1l Rin

e Te1 + Ry

Vs Where: Ri;5 = Baclor

21d stage voltage gain:
Rs

- ., + Rg

Overall gain:

I
+Vee

!

Ay

Av(total) = Ap14y;



BJT Further Circuit

e Other BJT circuit applications:

’ +Vee
? PLT
. . J_I
RS} 1 ke
]
Output 1 Output 2
2 l 2, Input 1 Input 2
>
v v

Current Source Current Mirror Differential Amplifier



BJT Further Circuit ,

cC

e Other BJT circuit applications:

I W V,
V;

ov

\/\ Switches and Logic Gates

Inverting output

STy A ! 1 Load
Non-inverting output ¥ -

ov -

O == wm =t O= == == ==

Phase Splitter Voltage Regulators
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