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BJT Structure

The BJT has three regions called the emitter, base, and
collector. Between the regions are junctions as indicated.

The base is a thin lightly
doped region compared
tfo the heavily doped
emiffer and moderately
doped collector regions.

UNIVERSITYU

(base)

C (collector)

Base-Collector
junction

Base-Emitter
junction

E (emitter)
npn

PP
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BJT Operation PHENII{AAU

UNIVERSITY

INn normal operation, the base-emitter is forward-biased and the
base-collector is reverse-biased.

For the npn type shown, the i
collector is more positive than the
base, which is more positive than BC reverse-
the emitter. biased §
For the pnp type, the voltages are + > — |
reversed to maintain the forward- M —
reverse bics. —| T +

+—_— BE forward-

biased
- pnp B -
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BJT Currents PHENII{AAU

UNIVERSITY

The direction of conventional current is in the direction of the arrow on the emitter
tferminal. The emitter current is the sum of the collector current and the small base
current. Thatis, = I + k.

| | l I2
—— @) ;-: e = @)
i ) R
N non * pnp
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BJT Characteristics PHENII{AAU

UNIVERSITY

The collector characteristic curves show the relationship of the
three transistor currents.

The curve shown is for a fixed based <

. . . Breakdown
current. The first region is the region
saturation region. , , c

5 Active region

As V¢ isincreased, I- increases
unftil B. Then if flattens in region
between points Band C, which is
the active region. Saturation region

After C, is the breakdown region.

-—= »Vce
0 0.7V Ve (ma
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BJT Characteristics PHENII{AAU

UNIVERSITY

The collector characteristic curves illustrate the relationship of the three transistor

currents.

By setting up other values of base N
current, a family of collector curves lg
is developed. R

Bpc Is the ratio of collector
current to base current.

|
:BDC ==

IB

It can be read from the

curves. The value of By is
nearly the same wherever
it is read. ol - > Vee
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BJT Characteristics PHENII{AAU

UNIVERSITY

[xamlllﬂi What is the By for the transistor shown?
solulion: I ‘(mA)

Choose a base current near the 00— I = 60 pA
center of the range - in this | -
case g3 which is 30 pA. oo Bs > 8
Read the corresponding lps = 40 pA
collector current —in this case, 6.0 L 30uA
5.0 mA. Calculate the rafio: —

IC 5.0 mA 4.0 — IBZZZOMA
Boe =5 = = 167

I, 30 A Vo lg; = 10 pA

lg=0
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Cutoff PHENII{AAU

UNIVERSITY

INn a BJT, cutoff is the condition in which there is no base current,

which results in only an extremely small leakage current (¢o) IN
the collector circuit. For practical work, this current is assumed to

e zero.
In cutoff, neither the base-emitter R
junction, nor the base-collector ,\/\;\‘
junction are forward-biased. E
RB p + ICEO +
0 I’;/Z\é %)_VCE =Vce — Vec
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Saturation "“FJ.‘J!&MU

In a BJT, saturation is the condition in which there is maximum
collector current. The saturation current is determined by the
external circuit (V- and R-in this case) because the collector-
emitter voltage is minimum (= 0.2 V)

R
In saturation, an increase of base _:V\(/:\,*
current has no effect on the collector T
circuit and the relafion /- = Bpcls IS NO Re + +
longer valid. MA—H Vo= Vee 1R — Voo
AN B
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DC Load Line PHENII{AAU

UNIVERSITY

The DC load line represents the circuit that is external to

the transistor. It is drawn by

connecting the saturation and ¢
cutoff points. on

Saturation

The transistor characteristic curves are —
shown superimposed on the load line. \
The region between the safturafion and

cutoff points is called the active region.
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DC Load Line PHENII{AAU

UNIVERSITY

Examllle: R. S33kQ
What is the saturation current and the Rs Ly,
cutoff voltage for the circuit? Assume Boc =200 —==—5y

220 kQ —

w <<
<@
w

Vee = 0.2 V in saturation.

Solution:

_Vee= 02V _15V-02V _ o0, Vo =V.. =15V

AT R, 3.3kQ
Follow-ul:
3.0V-0.7V
' ?2 1= =10.45 uA
Is the fransistor saturated? g 20 KO U

. =B 15 =200 (10.45 pA) = 2.09 mA Since |- < kup It IS NOT safurated.
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Data Sheets PHENII{AAU

UNIVERSITY

Data sheets give manufacturer’s specifications for maximum operating
conditions, thermal, and elecftrical characteristics. For example, an electrical
characteristic is B, Which is given as he. The 2N3904 shows a range of B’'s on
the data sheet from 100 to 300 for [~ = 10 mA.

Characteristic Symbol Min Max Unit
ON Characteristics
DC current gain hee —

(Ic=0.1mAdc, Vcg=1.0 Vdc) 2N3903 20 —
2N3904 40 —

(Ic=1.0mAdc, V=10 Vdc) 2N3903 35 —
2N3904 70 —

(Ic=10mAdc, Ve =1.0Vdc) 2N3903 50 150
2N3904 100 300

(Ic=50mAdc, Vcg =1.0V de) 2N3903 30 —
2N3904 60 —

(Ic =100 mAdc, Vo =1.0V de) 2N3903 15 —
2N3904 30 —

http://phenikaa-uni.edu.vn



DC and AC Quantities PHENII{AAU

UNIVERSITY

The text uses capital letters for both AC and DC currents and voltages with
rms values assumed unless stated otherwise.

DC Quantities use upper case roman subscripts. Example: V. (The second
letter in the subscript indicates the reference point.)

AC Quantities and time varying signals use lower case italic subscripts.
Example: V..

Internal transistor resistances are indicated as lower case quantities with a
prime and an appropriate subscript. Example: r, "

External resistances are indicated as capital R with either a capital or lower
case subscript depending on if it is a DC or ac resistance. Examples: R~ and R..
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BJT Amplifiers PHENII{AAU

UNIVERSITY

A BJT amplifies AC signals by converting some of the DC power from the power
supplies to AC signal power. An ac signal at the input is superimposed in the dc bias

by the capacitive coupling. The output ac signal is inverted and rides on a dc level
of V.
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BJT Switches PHENII{AAU

UNIVERSITY

A BJT can be used as a switching device in logic circuits fo turn on or
off current to a load. As a switch, the fransistor is normally in either
cutoff (load is OFF) or saturation (load is ON).

+Vee +Vee +Vee +Vee
o)

ReZ 120 ZRe R 2 | lew ReZ| e

Rg S Rg C
oV o—‘W\r—€> Fog o—w»—+£>
lg=0 E 1 E

In cutoff, the transistor looks like | In saturation, the fransistor looks
an open switch., like a closed switch.
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Phototransistors

PHENII{AAU

UNIVERSITY

A phototransistor produces lbase current when light strikes the exposed
photfosensitive base region, which is the active area. Phototransistors have high
gain and are more sensitive fo light than photodiodes.

Emitter

Collector

In a typical circuit the base
lead is left open. In the circuit
shown, the output voltage is
maximum with no light and
drops with increasing light.

)

+Vee

=
VOUT

@—O
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Phototransistors PHENII{AAU

UNIVERSITY

The characteristic curves for a phototransistor are based on light flux
(MmW/cm?) to the base rather than base current in an ordinary fransistor.

Ic (MA)
10 1 50 mw/cm’ —
g A0 m\N/Cm2 —

30 mw/cm?

10 mW/ cm?

Dark current

' ' ' l l >Vee (V)
10 15 20 25 30
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Phototransistors PHENII{AAU

UNIVERSITY

The output from the phototransistor can be used to activate or deactivate a
relay. In this case, the phototransistor is part of a switching circuit.

uuesllun: +Vee
Is either tfransistor ON for the circuit when Sc?ilfy
there is no incident light? =

Answer: 7

With no incident light, &, will be biased OFF. N\
&, will be forward-biased through R and is \@Ql

Q,

ON. Collector current in &, causes the relay
to be energized. = =
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Optocouplers PHENIKAAU

UNIVERSITY

LED and a phototfransistor. Optical couplers transfer
a signal from one circuit to another while providing
a high degree of isolation.

An optocoupler is a single package containing an @Z

A key specification for optocouplers is the current transfer ratio or CTR,
which is a measure of efficiency. The CIR is the ratio of output current to
input current. Typically values are from 50% to 110% for standard
optocouplers.
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Applications for Optocouplers PHENII{AAU

UNIVERSITY

Optocouplers are used when data or signals need 1o be transferred
from a control circuit fo a power circuit without making electrical
connections between the circuits. For example, the logic circuits in @ Traffic
traffic light controller need to be isolated from the lights themselves.

Another application for optocouplers is as a transducer to detect a light path
such as a hole in a rofating disk. In this case, the LED and phototransistor are
separated by a gap.

Optocouplers are also useful for isolating patients from the
moniforing instruments.
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A Sample of Common Transistor Packages PHENIKAAU

UNIVERSITY

3 Collector
3 Collector

1 Emitter
1 Emitter

TO-220AB TO-225AA
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BJT Basic Test

PRESS

o~ > RANGE
AUTORANGE &EF®
TOUCH/HOLD &F»

40 mA
o

(a) Forward-bias test of

& 1000V =
TEOV =~

FUSED

Vil

the BE junction

10A

40 mA
o

(b) Reverse-bias test of

PRESS

' } RANGE &
AUTORANGE &I®
TOUCH/HOLD €T»

A 1000V =
TEOV =~

FUSED

Vil
-

the BE junction

PRESS

-~ > RANGE
AUTORAMNGE EF®
TOUCH/HOLD &

10 A Wi
4 1000V = II - I

TEO W =~

FUSED

(c) Forward-bias test of
the BC junction

UNIVERSITY

PRESS

> RANGE -
AUTORANGE &EE®
TOUCH/HOLD &1

A

40 mA

(d) Reverse-bias test of

Vil

4 1000V =
50V ~

FUSED

the BC junction

QO
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Transistor Bias Circuits




The DC Operating Point PHENII{AAU

UNIVERSITY

Bias establishes the operating point (&-point) of a fransistor amplifier; the ac
signal moves above and below this point.

Ic (MA)
For this example, the dc base |
current is 300 mA. When the A/LOOd ine
INput causes the base current C
to vary between 200 mA and RVl !
400 mA, the collector current T \

varies between 20 mA and 40 17 ar s e

MA. iqﬁ'v
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The DC Operating Point PHENII{AAU

UNIVERSITY

A signal that swings outside the
active region will be clipped.

For example, the bias has
established a low &- point. As a
result, the signalis will be
clipped because it is Too close
to cutoff,
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Voltage-Divider Bias PHENII{AAU

UNIVERSITY

A practical way to establish a &-point is fo form a voltage-divider

from Vec.

R, and R, are selected to establish V4. If the divider is
stiff, Iy is small compared to k. Then,

R
V, ~| —— |V
ample: (Rﬁ RJ C°
Determine the base voltage for the circuit.
R

eolution: V--| == jvcc

12 kQ
= j(+15 V)= 4,62V

27 kQQ+12 kQ
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Voltage-Divider Bias PHENII{AAU

UNIVERSITY

Follow-UIl
What is the emitter voltage, V¢, and current, 7? ";L\éc\c/
+
Solution:
V¢ is one diode drop less than Vg R, Re
Vi=4.62V-07V= 392V 27 ke 1.2k
| , | L4262V Boc =200
Applying Ohm’s law: \|\/
Ve 392V
| =—E = = 3./6 MA
TR 680 Q Ry =
12 kQ 680 Q
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Voltage-Divider Bias PHENIKAA ()

The unloaded voltage divider approximation for Vg gives reasonable results.
A more exact solution is To Thevenize the input circuit.

_ +VCC +VCC
VTH = VB(no load) +1(5)V 15V
=462V
R > § R, Re
/-\)TH = /?] | | /?2 = 1.2 kQ 27 kQ) 1.2kQ
+VH RTH
=8.31 kQ 4.62 \/ o—— AN~ +@> Boc = 200 Boc =200
— IB Vee—
83lke | -
The Thevenin input circuif IEl RE 26 A
680 O <
can be drawn -
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Voltage-Divider Bias PHENII{AAU

UNIVERSITY

Now write KVL around the base emifter circuit and solve for L.

VTH = IBRTH +VBE + IERE

+Vce
| = Vi —Vee +1(?V
E Re + Rr Rc
Poc 1.2 kQ
Substituting and solving, W R S0
L__4e2v-0rv oV eI L) o0
E 8.31 kO Y 8.31 kQ N
680 Q + Aoo " e
and Vi = R = (6.43 mA)(0.68 kW) .
=3.69V =

http://phenikaa-uni.edu.vn



Voltage-Divider Bias PHENII{AAU

UNIVERSITY

%~ Yoltage Divider Bias example - Multisim - [Voltage Divider Bias example] |:||E|[z|
File Edit Wiew Place Simulate Transfer Tools Reports  Options  wWindow  Help ﬂﬂﬂ
OE & E & E-El-H-b-8E-BH-E-EB-E-E- | +
BEEaagagn = TTEES 2 M-BE®E B |-nUselst - | @ 2
................................... . P
_____ CSSEH SEEUSTEUSE, SEECEETS [T U SERTE THUSE RSEUEETS FUS:._ |
N D R .. S T
F 15\\..' ............................. F R
M |-|-" ” -I- B e =T
ultisim allows you to 3 EEE SRR A RS AR SRR RREERS R SRR EE o
dOOqL“CkCheCkof _5—ZZZZZZZZZZZZZZZZZZZZZZZZZmiiiﬁiiiﬁi,'?C'ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ_ o
A e - ¢ Iy [0+ DR e
YOUI’FGSUH'. [ DR T
ol
o g g
R BB _-:
L ZZZZZZZZZZZEE'ZZZZZZZZ e &=
D [ I b R N
% ISR DLAOMA -3 - RSN ERR =
................................. —H‘
HE O D R I e
Do |
< | ¥ | EE
— - s
5T ] Circuitl Yoltage Divider Bias example ‘ 1 "
For Help, press F |- Tran: 0.213 5 ITITTTT
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Voltage-Divider Bias PHENII{AAU

UNIVERSITY

A pnp transistor can be biased from either a positive or negative supply.
Nofice that (b) and (c¢) are the same circuit; both with a positive supply.

—VeE
+ VEE
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Voltage-Divider Bias PHENII{AAU

UNIVERSITY

[)(amlﬂﬂl Determine [ for the pnp circuit. Assume a stiff
voltage divider (no loading effect).

Solution: . —
Ve = Vee +15 V
R +R,
([ 27k j(+15.0 V)= 104V =R, R,
27 kQ +12 kQ 20 s
11.1V
Vo =V, +V,. = 104V+07V=111V 104V
|E=VEE _VE :150 V—lllV: 574 mA Rl § RC
Re 080 27 kO 1.2 kO
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Emitter Bias PHENIKAA ()

UNIVERSITY

Emifter bias has excellent stability but requires both a
positive and a negative source.

For froubleshooting analysis, assume that V¢ Vee
for an npn transistor is about -1 V. +15V
Examlﬂﬂ Re
Assuming that V¢ is -1V, what is [? 3.9 kQ
Solution: 3
IE:—VEE—1V:—15V—(—1V): 187 MA Rp -1V
R: 7.5 kQ 68 kO Re
7.5 kQ
= o
VEE
=15V
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Emitter Bias PHENIKAA ()

UNIVERSITY

%~ Emitter Bias example - Multisim - [Emitter Bias example]

] L B Ele Edt Wiew Place Simulate Tramsfer Options  Window Help @ x|
A check with Multisim shows O & a q e
that the assumption for E-E-E-EE - E R 0w |
froubleshooting purposes is
reasonabple.

For detailed analysis work, you
can include the effect of Bpe.

In this case, :
Ve -1V B
E— £
Re + R% E
Poc B
(_!:I
[EM) Circuitt ™) Emitter Bias example‘ RiLd

For Help, press F |-
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Base Bias PHENII{AAU

UNIVERSITY

Base bias is used in switching circuits because of ifs simplicity,
but not widely used in linear applications because the &-point
IS B dependent.

Base current is derived from the collector supply through Ve
a large base resistor. +15V
Examlﬂﬂl .
What is /5? § Rc
. . 1.8 kQ
Solutio: O 5
V..-07V 15V-0.7V
I — CC = :255 A
B R, 560 KO 3¢ 560 kQ
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Base Bias PHENII{AAU

UNIVERSITY

Follow U
Compare V- for the case where g = 100 and p = 200.
Sﬂlulm“' Ve
For B =100: I, =Bl =(100)(25.5 pA)=2.55 mA +15V
VCE :VCC_ICRC i
=15V - (255mA)(1.8kQ)=10.4V Re
For p=300: I, =Bl, =(300)(25.5 pA)=7.65 mA . § 1.8 kQ
B
Vee =Vee = IcRe
=15V - (7.65mA)(1.8kQ)=1.23 V 560 kQ

http://phenikaa-uni.edu.vn



Emitter-Feedback Bias PHENIKAA ()

UNIVERSITY

An emitter resistor changes base bias into emitter-feedlback bias,
which is more predictable. The emitter resistor is a form of negative

feedback.
The equation for emitter current is found by HVee
writing KVL around the base circuit. The result is: ﬁ.’

_ Vee —Vee § Re

le R+R4 I\F\;\i P
iRE
I
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Collector-Feedback Bias PHENIKAA ()

Collector feedback bias uses another form of negative feedback to
increase stability. Instead of returning the base resistor to V-, it is
returned to the collector.

The equation for collector current is found by Ve
writing KVL around the base circuit. The result is

R
Vcc _VBE R C

IC:
R
Re+ o
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Collector-Feedback Bias PHENIKAA ()

UNIVERSITY

Example:
Compare [~ for the case when B = 100 with the case when 3 = 300.
Solution: Ve
When g = 100, +15V
- Vee—Vee _ 15V-07V 5 80 A o
°cT R,/ 330kq,/ <M
Poc B 1.8 kO
When 3 = 300, AMN————o
V. -V 15V-0.7V 330 kQ
o = CCRBE = ROk, —493mA %
N
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BJT Amplifiers




AC Quantities PHENIKAA ()

UNIVERSITY

AC guantities are indicated with a y
italic subscript; rms valuesare | |
assumed unless otherwise stated. mEF=E= T

avg T

The figure shows an example of a specific
waveform for the collector-emitter voltage.
Nofice the DC component is V- and the ac |
componentisV... | L

Resistance is also identified with a lower case subscript when analyzed from an
ac standpoint.
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Linear Amplifier PHENIKAA ()

UNIVERSITY

A linear amplifier produces an replica of the input signal at the
output.

For the amplifier shown, nofice that the voltage waveform is inverted
pbetween the input and output but has the same shape.
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AC Load Line PHENIKAA ()

UNIVERSITY

Operation of the linear amplifier
can be lllustrated using an ac
load line.

The ac load line is different than the
dc load line because a capacitor
looks open to dc but effectively acts
as a short fo ac. Thus the collector
resistor appears to e in parallel with
the load resistor.
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Transistor AC Model PHENIKAA ()

UNIVERSITY

The five resistance parameters (r-parameters) can be used for
detailed analysis of a BJT circuit. For most analysis work, the
simplified r-parameters give good results.

The simplified r-parameters are shown in
relation to the fransistor model.

C C

(o)
An important r—poromeTer s It B..l, 1Ba0|b
appears as a small ac resistance :
between the base and emitter. 5 B°—I»< EQ

, b
. 25mV Fe
I, =
I o
E E
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The Common-Emitter Amplifier PHENIKAA ()

UNIVERSITY

In the common-emitter (CE) amplifier, the input signal is applied to
the base and the inverted output is taken from the collector. The
emifter is common to ac signails.
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The Common-Emitter Amplifier PHENIKAA ()

UNIVERSITY

Examlﬂﬂ.
Whatis r,” for the CE amplifier? Assume sfiff voltage-divider bias.
Solution: Voo
27 kQ Y
VB:( ]15v:4.26v
68 kQQ+ 27 kQ) o
¢ C
V.=426V-0.7V =356V T ke,
\\ -
C
1 10 pF
|E=VE :3.56V: 162 mA HI ! @) K
. 25mV._ 25mV R, ¢ 3.9 kQ
=22 ™ 1540 o7ke e Lo
|E 162mA §22kQ /\lOOuF

http://phenikaa-uni.edu.vn



The Common-Emitter Amplifier PHENIKAA ()

UNIVERSITY

Follow-l:

Notice that the ac resistance of the collector circuitis R-| | R,.
What is the gain of the amplifier?
n . VCC
Sﬂluu““ +15V

V,, R R./IR

pu— Lu': pu— c ju—
A V. r r
. e e R 39K
p ~39KQIBIK 4o, Sito oo o
15.4 Q) C,
F——Q)
The gain will be a liftle lower if the 1.0 pF > 2R
input loading effect is accounted for. R, é 3.9 kQ
27 kQ R, _Lc
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The Common-Emitter Amplifier PHENIKAA ()

UNIVERSITY

Greater gain stability can be achieved by adding a swamping resistor
to the emitter circuit of the CE amplifier. The gain will be lower as a

result.

- . VCC

ouesuunl +15V
What is the gain with the addition R &
of the swamping resistor? (Ignd o Lok
, o

the small effecton r,’.) c|1 | 10 uF
AV—\@ R, RJIR ?J ~_ &

Vi rel +Rg, re' +Rgy o B é = § R

P 330 3.9kQ

p - 3OKQUBIKY 40, ",

154 Q+33Q | 27 kQ ; Re ;:C2

J_2.2 kQ 100 pF
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The Common-Emitter Amplifier PHENIKAA ()

UNIVERSITY

Multisim is a good way to check your calculation. For an input
of 10 mV,, the oufputis 378 mV, as shown on the oscilloscope
display for the swamped CE amplifier.

% Simulated Tektronix Dscilloscope-XSC1
Tektronix 115 2024 B

output—{- & 5
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The Common-Emitter Amplifier PHENIKAA ()

UNIVERSITY

In addition to gain stability, swamping has the advantage of increasing the ac input
resistance of the amplifier. For this amplifier, R, . is given by

/?in(fof) - /?1 | | /?2| | Bcc(rel + RE])

- VCC
question:

What is R0 for the ampilifier if B, = 2007 ., 29 KO c

68 kQ o
, c, |

/-‘)in(fof) = /-‘)1 | | /-‘)2 | | Bcc(re + RE]) HI ) I\« 10 pF

=68 kQ| |27 k Q| |200(15.4 © + 33 Q) LOWF . L

= 6.45k O 330 2 Soko
R»
27 kQ g Re, LG
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The Common-Collector Amplifier PHENIKAA ()

UNIVERSITY

The common-collector amplifier (emitter-follower) has a voltage gain of
approximately 1 but can have high input resistance and current gain. The input
is applied to the base and taken from the emitter.

+Vee
c §R1
Vi /\\\/ o )Il ? c
i |(2 VAN
§R2 % \_
Re R,
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The Common-Collector Amplifier PHENIKAA ()

UNIVERSITY

The power gain is the rafio of the power delivered to the input resistance

divided by the power dissipated in the load. This is approximately equal to the
current gain. That is, A, =A,

You can also write power gain as
a ratio of resistances:

— I:)L — RL _ A\,z Rin(tot)
YA R,

C,
Rin(tot) Vin \|
/l C
~ 1( Rin(tot) j _ Rin(tot) |/2 _ VOU'[

R, R, §

. . R,
The next slide is an example... g A 2

Y
—
(
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The Common-Collector Amplifier PHENIKAA ()

UNIVERSITY

Example:

Calculate the power gain to the load for the CC amplifier using a rafio
of resistances. Assume A, =1 and B,.=200.User, =2 Q.

Solutiol: Vee
, +15V
Rin(fof) = R] | | R2| | Boc(re + /?E | | RL)
=39 kQ | |220 kQ | | 2002 Q + 500 Q)
R,
— 24.9kO) C, 39 kQ
- gn_ | |
R, =1.0kQ o—] O C
2
Ry  24.9 kQ 0.22 uF (. Vout
A =—" = = 249 " L T
Re - 10kQ 20kQ SR, 331nF LR
1.0 kQ 1.0 kQ
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The Common-Collector Amplifier PHENIKAA ()

UNIVERSITY

The input voltage-divider in the previous example is not “rock-solid” but the
overdll power gain is good. A “rock solid” stiff voltfage-divider is not always
the best design. Can you spot the problem illustrated here?

Rm(tot) 1”R2”Bac(r + RE”RL) V..

= 10 kQ|10 kQ|[200(25 Q + 3.0 k) Vv

= 4.96 kQ R
R =10 kO C, <10 kQ2 B =200

L o — | C
Ap _ Rin(tot) _ 496 kQ _ OAQél - KZ o Vout

R 10 kO 10kQ <R R
10 kO

The problem is the power gain is less 1 _4'3 <« A1
than 1! ) B j
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The Darlington Pair PHENIKAA ()

UNIVERSITY

A Darlington pair is two fransistors connected as shown. The two fransistors act as
one “super B” fransistor. Darlington fransistors are available in a single package.
Notice there are two diode drops from base to emitter.

CE Amplifier ~ Darlington CC amplifier  Load
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The Sziklai Pair PHENIKAA ()

UNIVERSITY

Another high B pair is the Sziklai pair (sometimes called a complementary Darlington),
in which a pnp and npn transistor are connected as shown. This configuration has the
advantage of only one diode drop between base and emitter.

guestiol: Ve

What is the relation between [, and fg,?

Answer: v, o?@ Bocs

The DC currents are: o Bocz

/C] iS BDC] X /B'| Clﬂd iS GCIUCH TO /BQ ICl j IE2
Ie» 18 Approximartely equal 10 Bpes X Iy
Therefore, I = Bpci1Bpcol:
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The CB Amplifier PHENIKAA ()

UNIVERSITY

The common-base (CB) amplifier is used in applications where a low input
impedance is acceptable. It does not invert the signal, an advantage for
higher frequencies as you will see later when you study the Miller effect.

Questio: wnat is the purpose of C,?

Answer:

C, forces the
base fo be at C
ac ground. \
/
=3 Cl
v N\ o
In \/ /
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Multistage Amplifiers PHENIKAA ()

UNIVERSITY

To improve amplifier performance, stages are offen cascaded where the output
of one drives another. This an example of a two-stage direct-coupled

amplifier in which the input and Vee
output signals are capacitively ' ?V
coupled. % %
RES C
10kQ  31.0kQ 330Q Vi,
% Q 1IC\) HF R,

C, 2N3906 330 Q
) Vi —
]l 2N3904 -
(A 1.0 uF
100 mV = R, —
4, 7 kQ -
1.0 kHz 100 Q

330 Q T a7 UF
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Differential Amplifiers PHENIKAA ()

UNIVERSITY

A differential amplifier (diff-amp) has two inpufts. [t amplifies the difference in
the Two input voltages. This circuit is widely used as the input stage to
operational amplifiers. Differential-mode inputs are illustrated,

outl
\/ 3
1

|nl
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Differential Amplifiers PHENIKAA ()

UNIVERSITY

The same amplifier as in the last slide now is shown with common-mode inputs. Diff-
amps fend 1o reject common-mode signals, which are usually due to noise. Ideally,
the outputs are zero with common-mode inputs.
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