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Understand the physical Select the operating
operation of bipolar | point of a bipolar
transistor transistor circuit

Select an amplifier
configuration appropriate
for a given application.
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Transistor e “;,rssiig
Construction lfn.usmn. \NG
® There are two types of transistors:
3 pnp
il
npn onp
- i | |
® The terminals are labeled: 115 : Vﬁ
G E - Emitter = =
i3 B - Base M
G C - Collector Eq”'ri“_-
E - - [
B
npn
1l 1l
Il II
Ve Vee
\ |
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® With the external sources, V. and V-, connected as shown:

4 The emitter-base junction is forward biased
4 The base-collector junction is reverse biased

+ Majority carriers + Minority carriers
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m Emitter current is the sum of the collector and base currents:

o =lc+15
® The collector current is comprised of two currents:

I C I Cmajority + I COminority
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® The base is common to both input (emitter-base) and output
(collector—base) of the transistor.
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Input Characteristics

—-—

® This curve shows the relationship between of input current (I)
to input voltage (V) for three output voltage (V ;) levels.

T (mA)
| Vep=20V
VC.B= "JV
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Common-Base Amplifier

Configuration

Output Characteristics

® This graph demonstrates the output current (I-) to an output
voltage (V) for various levels of input current (Ij).

Active region (unshaded area)

7 mA

6 mA

5 mA

Saturation region
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) Base
< Conﬁguration Operating Regions

®  Active — Operating range of the amplifier.

—-—

®  Cutoff — The amplifier is basically off. There is voltage, but little
current.

® Saturation — The amplifier is full on. There is current, but little

voltage.
Approximations
® Emitter and collector currents:
lc =1¢
m

1’

Base-emitter voltage:

Vg =0.7 V (for Silicon)
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& Ratioof I- to I:

|
_!c
Uy —

C
E

il

Ideally: a=1

{

il

In reality: a is between 0.9 and 0.998

{

il

1’

Alpha (@) in the AC mode:

BFF1303 Electrical/Electronic En gineering

Universiti
Malaysia
PAHANG

U

I Mohd-Khairuddin , Z Md-Yusof




Common- , o
. Universiti
Emitter t) Malaysia
1
4—C

' Configuration

= Vcc

® The emitter is common to both input
(base-emitter) and output (collector-
emitter).

® The input is on the base and the output
is on the collector.
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Ic (mA)
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Common-Emitter Characteristics Q Aa Lot

Iz =0 pA

Veg,

10 I 20 Ypp (V)
i (Cutoff region)
Iczo= Blczo

Collector Characteristics
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"| Configuration Common-Emitter Amplifier Currents¥ —-—==

Ideal Currents

I.=I.+1, I.=al,

Actual Currents

I[-=al.+Ipy wherel-zo = minority collector current

Igo is usually so small that it can be ignored, except in high power
transistors and in high temperature environments.

When [; = 0 pA the transistor is in cutoff, but there is some minority
current flowing called I .

— ICBO

ICEO _g IB:O l"'“A
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® Brepresents the amplification factor of a transistor. (£ is
sometimes referred to as f, a term used in transistor modeling

| Configuration Beta (B)

calculations)
®m In DC mode:
Bro =&
dc
B
® In AC mode:

Al

Pac =

Al Vg =constant
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- Determining 3 from a Graph

| 8 90 pA
/
V Py (3.2MmA-2.2mA) N
A (30pnA —20pA) : A,Cf“: o
___...—-""
1mA Yo e
m o
" 10 uA Ve =75 /| e
10 l.lA CE ' I, 4 """———:_: o 30puA
2 ?—Bj—_——_________.-——-—'""
:100 MC{B f__..--—--"""'é_';}'t_"—-——_— i 20 pA
‘rC1"’/2 15,
5 2.7 mA ¥ i
DC — . b0
25 MA 0 5 o 15 20 25 Ve (V)
VCE=7.5 Vee =72V
1 b |
UMPO%
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__ | Configuration Beta (9)

® Relationship between amplification factors § and a

__B __%
p+1 'B_a—l

o

® Relationship Between Currents

lc =Fle le =(B+1)Ig
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Configuration ek
® The input is on the base and the output is on the emitter.
IE* E IET E
i | £ I n
l-—<E- H = Viz T‘B. r = Vs
IBBT P* Veg !
T T c ffc
.‘ﬁ E I—EF E
HD—I-.'Ii BO—IIB
IC-* Icf
c c
| 3
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Configuration ek
® The input is on the base and the output is on the emitter.
IE* E IET E
i | £ I n
l-—<E- H = Viz T‘B. r = Vs
IBBT P* Veg !
T T c ffc
.‘ﬁ E I—EF E
HD—I-.'Ii BO—IIB
IC-* Icf
c c
| 3
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m The characteristics are similar to those of the common-emitter

configuration, except the vertical axis is I.

fc (mA)
8
_~90pA | 1
7 78();1/\ }
e /1 _—70uA

(Saturation region) 5 |- ¥~

4

|
|
0 5 10 [ \15
(Cutoff region)
Icko® Blego
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® V- is at maximum and [ is at
minimum (I,,,,= [-rp) in the R
cutoff region.
I, 50
® J-is at maximum and V- is at w
minimum (VCE max = VCESth = Sa:g;:‘on\ e = Verle=300mW
Vro) in the saturation region. | v |
— o
“*,
® The transistor operates in the =
. : copn |
active region between , fens 4
. o3V / y o st
saturation and cutoff. Vet S
1 b
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Power Dissipation

Common-base:

Pc: :VCB IC

Mmax

Common-emitter:

Pc :VCE Ic

max

Common-collector:

Fe

:VCEIE

Mmax
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MAXIMUM RATINGS
Rating Symbol aN4123 Unit ZN 41 23
: s Voltage Vao | 0 | vk CASE 2904, STYLE |
Collecioe-Base Vollage Voo M) Vi TO-92 (TO-226AA)
Emitter-Base Voltage Vino 540 Vide 3 Collector
Collector Cuerent - Continuoas i 200 mAde [
Total Devic MCJ‘&RW B | @5 | oW
_ Derate above 25°C : 50 | mwC
Operating and Stosuge Jw\nm T. T, 5510 +150 C
Temperuture Range
THERMAL CHARACTERISTICS ! Emittce
Charucteristic Symbol Max Unit GENERAL PURPOSE
Thermal Ressstance, Junction 1o Case R o 833 CwW TRANSISTOR
hermal Ressstance, Junction 1o Ambicns R s 200 CW NPN SILICON
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ELECTRICAL CHARACTERISTICS (T, = 257C unless otherwise noted Sk
NEE [ Carwioas : [ Symbol | Min | Max | Uak |
OFF CHARACTERISTICS

Specification

| . -

Collector-Hase Breakdown Voluige Visreno 40 Ve

(e = 10pAK, 1g=0)
Emitier-Base Breakdown “m V‘B'nm) S0 - Vik
(I = 10 pAde, I = 0)

" Emittes Cutoff Current = S T A
(Ve = 30V, Ic=0)
ON CHARACTERISTICS

Lt

18

" Base-Emitter Saturation Vobage(1) Vo - | ass Ve
(I = S0 mAde, Iy = 5.0 mAd:)

SMALL-SIGNAL CHARACTERISTICS

Cavent-Gain — Bandwihh Prodoct Iy 240 MH.
(e = 10 mAde, Vi = 20 Ve, = 100 MH2)

Output Capacitance Coro - 40 pF
(Ve =50Vde I =0, £ = 100 MHz)

Input Capacitance Ceus - 80 pF
(Vg = 0.5 Ve, I = 0, f = 100 kHzp

Collecton Base Copacitance Ca - 44 pF

SOV (= 100 kH2)

| )

Cuarrent Gain ~ High Froguency

(I¢ = 10 mAdc, Vi = 20 Vde, £ = 100 MHz) by 25 - -
(e » 20 mAde, Viy » 1OV, £ LOKH2) 50 200
Noise Figure NF - 60l de

(he = 100 pAde, Vg = S0 Vde, Rs= 10K ohm, (= 1.0klz)

(1) Pulse Test: Pulse Widih = 300 pis. Duty Cyele = 2.07%
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