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»  Course Learning Outcomes

Apply the basic law and theorems of electronic devices to describe
their basic operation.

Apply the basic law, theorems and methods of analysis to solve
complex problem related to circuitry.

Work in a team and communicate effectively.
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Learning Outcomes

i. Describe the basic structure of a BJT.
ii. Explain and analyze basic BJT bias and operation.
iii. Discuss on the function of a BJT as an amplifier.

iv. Discuss the parameters and characteristic of a BJT and its application
in electrical circuit.
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Y "What is Transistor?

Transistors are solid state devices that is used for amplifying,
controlling and generating electrical signal.

PMN2222A,

v %\ TO-92 | !!
EITran5|stors are used W|dely in electronic equipment such as computers,

calculators, radios and communication satellite.
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What is Transistor» = Swew

J Two basic types of transistor is bipolar junction transistor (BJT) and
Field Effect Transistor (FET).

J Transistor is like 2 diodes connected.

aaaa

P-TYPE N -TYPE P-TYPE N -TYPE P-TYPE N -TYPE

J Each region have different doping concentration.
J Transistor is widely been used as switch and amplifier.
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Introduction to BJT

(A BJT is bipolar because both majority and minority carriers take part
in the current flow. (a) N-type - electrons as majority carrier
(b) P-type — holes as majority carrier.

2 types of BJT: (a) NPN and (b) PNP

BIJT regions are:

" Emitter (E) — send the carries into the base region and then into
the collector.

= Base (B)act as control region. Carriers flow depending on the
biased voltage.

= Collector (C) — collects the carries.
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»  Structure & Symbol of BJT
PNP TYPE NPN TYPE

Base Base

Collector Emitter Collector

Emitter
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Y»  NPN Transistor Structure

collector

base

emitter

W :5
*"-'-r,‘,: W UNIVERSITI TEKNOLOGI MALAYSIA

* Very lightly doped.
e Collect the current carriers

== junction
e Very lightly doped.

o * Control the flow of currents
== junction

* Very heavily doped.
 emit the current carriers

[ The emitter is rich in current carriers. It send the carriers into the base region and on to the

collector.

[ The collector collect the carriers.
J The emitter emits the carriers.

(1 The base act as a control region. It can allow none, some or many carriers to flow from emitter to

collector.
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BJT Characteristic & Parameters

B, —is the ratio of the DC collector current, I to the DC base
current, (l;)

dTypical value range from less than 20 to 200 or higher.

|
BDC_ s

IB

da . —is the ratio of the DC emitter current, I. to the DC collector
current, ().

JThe value range from 0.95 to 0.99 but always less than 1.

I o )
OLD(:ZI_C B:(ﬁ/
i _
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»  BJT Behavior:
Current-Voltage Characteristics

JThe behaviour of the transistor can be represented by current-
voltage (I-V) curves (called the characteristic curves of the device).

JInput Characteristics

" The relation between input current and input voltage for different
values of output voltage

(J Output Characteristics

" The relation between output current and output voltage for
different values of input current
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BJT Basic Operation Region

JTo produce a desired mode of operation, the two P-N junctions must
be correctly biased

I NPN transistor will be used for illustrationThe operation of the PNP is
the same as for the NPN except that

= the roles of the electrons and holes
= the bias voltage polarities

= the current directions - are all reversed

d A single PN junction has two different types of bias: forward and
reverse.

1 Thus, a 2 PN junction device has four types of bias.
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BJT Mode of Operation for NPN and PNP
Vv

BC

A
REVERSE SATURATION
ACTIVE
Ve <Vg 1+
V< V<V, Vo<V, == C
BpF
Ve ~a
CUT -OFF - E
Ve >V,
Vo>V,

(J Saturation and cut-off operations are important for digital circuits like
switching.
J Active region are important for amplifier application.
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L

= v,_./"-’.s

Operating regions of BJT

OFF

Saturation region AOas
ON CORRENT FLOW
Active region % . A
ON PULL CURRENT
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»  Example — NPN Transistor

Base -Emitter Base - Collector Operatine Region
Junction Junction P & REE
Reverse biased Reverse biased
Forward biased Reverse biased
Forward biased Forward biased
(JWhat are the two (2) main applications of BJT?
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Exercise -
https://padlet. com/nurnajahatulhuda/hba67p08p90k
doun

Figure below illustrate a structure of NPN transistor contain collector (C),
base (B) and emitter (E). Fill in the blank.

dThe base (B) to emitter (E) junction is normally biased and
the resistance at the junction is

dThe collector (C) to base (B) junction is normally biased
and the resistance at the junction is

dThe smallest current in NPN bipolar junction transistor is the
current. B
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https://padlet.com/nurnajahatulhuda/hba67po8p9ok8oun

Collector - Base Characteristic Curve Input
Characteristic

JThe characteristic resembles a family of forward biased diode curves
1 increases as V. decreases for a fixed value of V,

A

o
a2

o
| I | |

o
o |2

Base Current s (mA)
|

-001 -02 -03 -04 -0l5 -06 >
Base Emitter Voltage Vee (Voli)

innovative e entrepreneuiiu = giuwu 16



>’ UNVERSITI TEKNOLOGI MALAYSIA

»  Collector Characteristic Curve Output Characteristic

s —— —

Saturation
I Region

(mA) / Active Region
When Vo= 10 / / Ige = 120uA

Voo
T ’ / Ig = 100uA
2t Ig = 80uUA
50 E
0 Ip = 60uA 5
30 Ie = 40UA E
20 Ig = 20Ul
10 B
0 ™ Cut-off Region Ie =0
0 2 4 él 8 10 12 Vee (V)
r o=
Ve = > Ve 'u"‘-;lrf'uceEr1:I1:'rCC
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»  BJT Region Comparison

Active Region

Saturation Region

Cut — Off Region

d B-E junction forward
biased

d B-E and C-E junction
are forward biased.

d B-E and C-E junction
are reverse biased.

d C- B junction reverse

4 I; and I are too big

4 I; < pA but I is not

biased but V¢ is very small. zero. Avoid  this
region for

undistorted signal.
(d Can be employed to | Suitable region to| Suitable region to

used as voltage and
current amplification

used as logic switch.

used as logic switch.
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What is Q — Point? (DC Operating Point)

J When the BJT only have DC input (no ac input) it will have specific
value of I. and V.

It correspond on the specific point on the DC load line. This point is
called Q- point.

dIt’s a point on the collector characteristic curve (I. — V) with
constant I;.
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Purpose of BJT Biasing

BJT should be biased to determine its operating
point or Q point.

To ensure whether it is in active region to be
used as amplifier or in saturation or cut-off
region to be used as switch.

A good biasing circuit must have Q — point at
the center of the DC load line to obtain
maximum symmetrical output swing.

innovative e entrepreneurial e global
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Y» Q- Point at the center of DC Load line

when Vg = 0 (saturaton) Ja-i:}
Lo — Ve )
= R DC Load “‘s.?f’
IC{mA} ,/I'_me --__-"" I = 100us,
. — 10 s
IC[ma:-c_: = Fiy _
Q.2m A 5 ~ ff @f Iz = 90us
-~ P
I {masg . - e I= = 80uA
= 7.7mA 8 | & —
‘?\,{K - Iz = 70us
=

ﬁ% J_,7 I. = 60Ul
Q- N\ - sea

Ve = Vi

|
|
T
|
| I | "*”
, p N Ladaoun
| -point -
. IE:F%HA 1. = 30ua
|
. ! e Ie — 20Ul
—_————t——— e
I (min) . | N I = 10uA
= 2.0mA 1 | [
|
| B
|
0 : : Vee
1 2 3 4 5 6 7 8 9, 10 11 1> 13
|
|
| Ve (o=
| 1
|

I
|
I
I
I
I
BN I when I-= 0
I
I
I
I
I
I

| ),
| | |
i I e [ mac)
| | | 9.249v
|

|
|
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»  Q-Point NOT at the center of DC Load line @~ = ™
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)

BJT DC Loa

J A straight line

d Line

intersecting the vertical

axis at approximately I, and the
horizontal axis at Vg -

J le(sary OCCUrs when transistor operating
in saturation region

Vee =0

Vg0 OCCurs when transistor operating
in cut-off region

Ve

:VCC - ICRC

E(off) I.=0
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Ic (mA)
g Saturation Region
H?( ‘e 90 uA |
PN BOpA || Q-Point
: 70 A R
s =¥uA __pCload Line
' A PA |
=|4 bt | " — ;.Q.
E 30 gt
3 1 (Actizgegion SR o
IE | Uil 6 | L;J 1 } | .: 2{] uﬁ
NG
: | | 10 uA
- l ig =0pA
.
_____ N 20 g ()
{CutolfNregion)

lero® Blepo

Cutoff“Region
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» BITDCLoadLline 1.

T00ul

4 Qi :
B6
560U 1
Igs
_ 4204 -
=
k=1
280u - IB3
Ir2
140U -
' Is1

o 2 4 6 8 J 10

Vee(V) VcE(cuT-0FF)
To make sure that the chosen Q —point is useful for amplifier application, the
Q-point, it is best located at the canter of the DC load line where:

1
leq = 5 | isar) @Nd Veeq :EVCC
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EX erc i se Referring to the output characteristic shown, identify the operation region if :

(@ Ic=3mA VCE =15V (b) Ic=25mA Ip=35pA
(C) Ig =10 pA Veg =8V (d) I =0 Ve =8V
(d) Ig =20 |-LA Veg =02V
IC; [mA]
35 LA
30 LA
3
25 uA
2 — 20 pA
15 uA
1 | 10 pA
5 HA
! ! 1 I | ) ! >
5 10 15 20 25 30 35 VcE [V]
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» Main Types of BJT Biasing Circuit

—{ Fixed Base Bias Circuit }

Fixed Base Bias with emitter resistor W
(Emitter stabilized bias circuit) J

—{ Voltage-Divider Bias Circuit 7
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» BIT Circuit Analysis: Fixed Bias Circuit

d This is common emitter (CE)

0 Ve
configuration
i 1 Solve the circuit using HVK
Re¢ I | .
5 | 5 . 1t step: Locate capacitors and
i ac ' . . .
; J—— ouput replace them with an open circuit
C ¢, signal ]
" 1 + 2 (1 2"9 step: Locate 2 main loops
il.l|)lll o H E Ver Wh|Ch,
Ll e e = BE loop
Vee ~ T L
* CEloop
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1st step: Locate capacitors and replace them with
an open circuit

R,,§
) /\ .
1 >
B

: oulpul § RC
signal R +

input © 1|
signal G
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)

2"d step: Locate 2 main lcops

innovative e entrepreneurial e global
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BE Loop Analysis

] From HVK;
VCC_IBRB_VBE =0
= Vee = Vee

B RB

®
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CE Loop Analysis

B From HVK;
VCC - ICRC _VCE =0

" Vg = Ve = I:R.

B As we known;

B Substituting @ with
Ic = IBIB

V.. -V
1 |: CC BE
L R
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>’ UNVERSITI TEKNOLOGI MALAYSIA

BJT Circuit Analysis: Fixed Bias Circuit

« Taking the Kirchhoff voltage law (KVL) around

the B — E loop yield the following equation:

Vee =1gRg = Vge =0

* Solving for I

 The collector current 1. is then given by

Vee = Vee
RB

= ICZBIB:B(

« The voltage at the base, collector and emitter can be
calculated usin _
J Vc - Vcc - ICRC

VB :Vcc - IBRB

* . is directly dependent on B. This is unfavourable since B varies with temperature and I..

When I is changing, it cause V¢ to change. This will change the Q — point of the transistor

_ _ and make the fixed base biasing circuit very unstable.
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» Example : Fixed Biasing Circuit

Draw the DC load line and find 5o, Icq, Veear Vear Veq and Vgq.
Comment on the location of the Q — point.

VCC=8V

R Rc ilc
B 3

360 kQ 2 kQ
]+
m KVCE
Ve i_l
E
lc (MA)
4 |

3.04 8

innovative e entrepreneurial e global

Using C - E Loop:
Vee — lgRg = Vie =0

Ve =V 8-07
IB = IBQ = =

Rg 360k

lc =l =Blg = (100)20.28p = 2.03mA
Using C - E Loop:
Ve 1R =V =0 i, (A)
Vee = Veeo = Ve — leoRe =8—(2.03mx2k)=3.94V

=20.28 pA

EQ
When IC - O’ VCE - VCE(CUT-OFF) - VCC - 8V
V, 8

whenV.. =0, 1. =1 = € _ = —_=4mA
CE C C(SAT) RC + RE 2k

»The Q — point is in the active
region. Therefore this biasing circuit
IS suitable to be used in amplifier.

Wowmg”  UNVERSITI TEKHOLOGI WALAVSIA
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Example : Fixed Bias Circuit
mFind I, l;, Ve, Ve Vo Vpe? (Silicon
transistor) Construct the DC load line
Vee THV then determine the operation region

I of the Q — point.
' Re B Answers;
Ic C2 IC=2.35mA

240 kQ I ac

1 N 0 T IB=47.08 pA
ac f|l L—'V \
input n Veg B=50 VCE = 683V

10 puF
/ VB =0.7V
= VC =6.83V
VBC =-6.13V
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step 1:open all capacitors and redraw the circuit.

step 2:

B - E Loop KVL
Ry, 240K
using relation Iz =(1+B)lg andIg ~ I

le ~Ic =(1+50)x47.1p = 2.40 MA J

J:

J

step 3

C-E Loop KVL
12' ICRC 'VCE :O

Vg =12-1cR¢ =12—(2.40 mx 2.2k) = 6.72V

innovative e entrepreneurial e global

‘ i VCC

\/
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From the circuit, V;, =0V. v

tec it is known that V,; =0.7V
Ve =V = Vi J
Rc S Vg = Vg =0.7V
Ry V, + Ve at the collector (C) terminal :
T VCE Vi;=V.-V, andV, =0V

Ve 1O V, Ve =V, =672V
L at the base (B) terminal :
. Ve = Vg - Ve

V,.=V,-V.=07-6.72=-6.02V v
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Exercise : Fixed Bias Circuit

For the biasing circuit shown, determine the Q — point (l.q, Vceq) and
confirm its operation region. Construct the DC load line and evaluate the
location of the Q — point. Given = 100. Redo if B is changed to 129.

VCC =12V

||3 <+ T

| e
Rg Rc
75 kQ 1 kQ
+
Ve
+
Ve

_ ¢-|E
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)

Load Line Analysis — Fixed Bias Circuit

* We investigate how the actual Q-point is determined.

* Referring to the figure below (output loop), a straight line can be drawn at
the output characteristics curve. This line is called the load line.

* This line connects each separate Q-point. .+
* At any point along the load line, =3
values of |, | and V can be picked R L
' (4~ Ve T

from the graph.

* The process to plot the load line
are as follows:
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» = Load Line Analysis — Fixed Bias Circuit

® Step 1:
Apply KVL at output loop, V= Ve — IR (1)

Choose I.= 0 mA. Substitute into (1), we get
Ve = Ve (2) =2 intersects the x-axis

® Step 2: ' (r Ve |

Choose V= 0V and substitute into (1), we get

l.=V/Rc (3) =2 intersects the y-axis
® Step 3:
Joining these two points defined by step (2) & (3), we get a

straight line that can be drawn as in the next figure.
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» = Load Line Analysis — Fixed Bias Circuit

Bo

___—Load line
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Example

Given the load line in the figure below, define the Q-point & determine
the required values of V., R. and Ry for a fixed bias configuration.

(Given lzq at 17 pA)

I.(mA)
F )

ICmax 18 |

15 —

12 _]

I,=60 1A

L,=50 uA
1,=40 uA
I,=30 uA

I,=20 uA

I=10 uA

1=0 uA

innovative e entrepreneurial e global

Vcc =40V

\%
cC

R
C

Rc=2.67 kQ

Ic =

at Q-point; I; =17 1A
Rs = 2311kQ

41



» Disadvantages of Fixed Biasing

J Unstable — because it is too dependent on B and produce change of Q-
point
JFor improved bias stability , add emitter resistor to dc bias.
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Fixed Bias with emitter resistor (Emitter
Stabilized Bias)

0 VCC

*An emitter resistor, R; is added to
improve stability

ple
Ri:

C

* Solve the circuit using HVK

¢ 15t step: Locate capacitors and replace
them with an open circuit

« 274 step: Locate 2 main loops which;
»BE loop
»CE loop

Resistor, R; added
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15t step: Locate capacitors and replace them
with an open circuit

innovative e entrepreneurial e global
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»  2"9step: Locate 2 main loops

Fixed Base Bias with Emitter Resister

o Vee @ o Vee o Vee
2 —(

2
A j@ - E 1
i !
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» BE Loop Analysis

@ o Vee B From HVK;
Vcc - IBRB _VBE - IERE =0
Rp Recall: le =(B+Dl;
u Substitute for Ie
T/BE_ ‘15 VCC_IBRB_VBE_(IB+1)IBRE:O
Re ] = Vcc _VBE
> Ry +(B+DR

<
|

46
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CE Loop Analysis

innovative e entrepreneurial e global

B From HVK;
Ve — 1R =V — IR, =0
B Assume;
I =~ |
B Therefore;
2 Ve =V = 1. (R. +R.)

47



Example Emitter Stabilized Bias

430 kQ §

10 uF

3

innovative e entrepreneurial e global

B Answers;

lcq =2.01 mA
lgqg =40.1 YA
Vg = 13.97V
Vgq=2.71V
Veq =2.01V
Vg = 15.98V
Vgcq =-13.27V

B Find leq, lgos Veear Vear Vear Vea
& Vg ? (Silicon transistor);

48
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step 1:open all capacitors and redraw the circuit.

step 2:

B-E Loop KVL
20-1,R;-Voe -1.R. =0
using relation 1. =(1+p)I,
20-1,R; -V -R(1+B)1; =0

J
= 0-Vee _ 2007 _ 094
Ry +Rc(1+p) 430k +1k(1+50)
using relation I.=(1+p)l, and I ~
. =~ 1. =(1+50)x40.1p = 2.05 mA
step 3
C-E Loop KVL
20-1.R.-1.R.V, =0
V. =20-1.R.-I.R, J

=20-(2.05mx2k)—(2.05 mx1k)=13.85V

49



It s known that V. =0.7V

and Voe =V -V and V. =R,
Ve =R =2.05mx1k=2.00V
Vg =V + VL =0.74+2.05=2.75V

from Ve =V -V,
Ve =V +V: =13.85+2.05=159V
Voo =V -V, =2.75-159=-13.15V

this BJT is biased in FORWARD ACTIVE

innovative e entrepreneurial e global
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Load Line Analysis — Emitter (Stabilized Bias) Circuit

*For V. =0, the transistor will be in saturation region
VCC

* Taking the transistor’s saturation equation: | -
R +HR:

. :VCC —Vee -0
Re +Re
S Ve =Vc
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» = Load Line Analysis — Emitter (Stabilized Bias) Circuit

So, the load-line becomes:
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Y Exercise : Emitter Stabilized Bias

Find lcq, lgar Veear Vear Vear Viq & Vacq? (Silicon transistor). Construct
the DC load line and determine the transistor operation region

VCC: 20V
Is g
Ic
Rg Rc
2.7 MQ 10 kQ
=
- Vce
Vee 7| -
Ve
Re
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®» Exercise Test 2 2013/2014/2

A BJT amplifier circuit in Figure Q2(a) has the following specifications: Iz, = 30pA and Vg = 0.7V.

() Determine Q-point (lcy, Veq) Of the circuit using the output characteristic graph in Figure Q2(b)
[Ans: I.q =4.2mA : V= 11.5V]

(ii) Calculate B at the Q-point [Ans: B=140]

(iii) Calculate R; [Ans: 692kQ]

(iv) What is the effect on the Q-point of the circuit, when R; is decreased?
[Ans: I will increase and thus the Q-point will move upwards]

12v 2 Ic(mA) A
)
ERmmmSE=mA G EEEES LIT00 s
c 10 - EH90 na
RC 2 9 .3 ’83;{
Rs § 2.4kQ 2?}1F [ s
Rs IX ® , 60
10 kQ . 7 .ﬁ 50 LA
W—)——— Cs FooliE 40 1
C leo = 30UA 50 uF 10 b= -
10uF N 300
\Y
15 mv r\) Re Rez sf 2014
600Q 2kQ .
10 1w
1 = - - : +
- -12Vv - - 0 5 10 15 20 25 30 Veg (V
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. UHIVERSITI TEKNOLOGI MALAYSIA

a IC (mA)

11111

H 3
11 381 1 1 0 E
80

"B=‘0‘!;lA
s &1 3

e . =
0 5 10 15 20 25 30 Veg (V)
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Y = Exercise

Determine lgq, lcq) Veeqr Ve Voo Ve Given B= hFE= 100 and V= 0.7V.

Sketch the DC load line of the circuit.
[Ans: lgq =29.18UA, I =2.92 MA, V,=8.61V, V;=5.12V, V=12.99V, V =

4.38V] Vcc
20V
Re C.
Rs § 20 uF
510 kQ 2 % V4
S I\
10 kQ
\| -
M\ /1 ¢ |\‘ Cs Rp
C, 50 UF 1000
|/

10uF |C
Vin ,9 R
15 mV Re E2
1.5kQ 2 kQ

innovative e entrepreneurial e global 56



Voltage Divider Bias Circuit

innovative e entrepreneurial e global

J Provides good Q-point stability with a
single polarity supply voltage

(dSolve the circuit using HVK

(] 1%t step: Locate capacitors and replace
them with an open circuit

A2 step: Simplified circuit using
Thevenin Theorem

(13" step: Locate 2 main loops which;
"BE loop
"CE loop

57



» Voltage Divider Bias Approximation Analysis

For approximation analysis we can assume
Vip=Vsg
but the following condition must satisfy:

BR. > 10R,
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15t step: Locate capacitors and replace them with
anh open circuit

Re
R,
/\ Lln
o
\CJ
R,
Rg
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2"9 step: : Simplified circuit using Thevenin

Voltage Divider Bias Circuit

From Thevenin Theorem;

R, xR,
R, + R,

R, =R /R, =

_ RZ
R, +R, °°

VTH

Simplified Circuit
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3'd step: Locate 2 main loops
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BE Loop Analysis

B From HVK;
Vo, —1,R, =V —I_.R. =0
Recall; le =(B+D)l;
Subtitute for I

Vig —lgRyy —Vege = (B+D 1R =0
= Vin —Vee
-1
Rery +(B+D)Re
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CE Loop Analysis

Voltage Divider Bias Circuit

innovative e entrepreneurial e global

B From HVK;
Ve — 1R =V — IR, =0
B Assume;
I =~ |
B Therefore;
2 Ve =V = 1. (R. +R.)
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)

Example Voltage Divider Bias Circuit: Single Supply

B Find Ry, Vi lear sy Verar Vear Vear Veq & Vaceq? (Silicon transistor).

Construct the DC load line
B Answers;

122V RTH = 3.55 kQ
VTH =2V
ICQ =0.85 mA

IBQ = 6.05 pA
VCEQ=12.9V
VBQ =1.978V
VEQ=1.275V
VCQ =13.5V

innovative e entrepreneurial e global VBC =-12.81V 64

10 uF

" )1

3.9kQ




) step 1:open all capacitors and redraw the circuit.

step 2:calculate V,, and R,

v, =K or oy s
3.9k + 39Kk fle
C
= 39k><39k _ 355 KO Iy . -
3.9k + 39k +—= o - Vee
then redraw the circuit. el " Ve '
step 3: ) ) } e
- Ry
B-E Loop KVL Re
Vo - 1Ry - Ve - 1eRe =0 3
2-1,(3.55k)-0.7-1.(1.5k)=0
using relation 1. =(1+8)l,
2-1,(3.55k)-0.7-1,(1+B)(1.5k) =0
2-0.7

=6.05pA

| =

®  3.55k +1.5k(1+140)
using relation 1. =(1+B)l; and I ~ I,
I, ~ I, =(1+140)x6.05 1 = 0.85 mA -

innovative e entrepreneurial e global



C-E Loop KVL
Vee - lcRe - Vee -1gRe =0
assume l. = I
Ve =V - IR - 1R = 22-10k(0.85m)-1.5k(0.85m)
Ve =12.19V
It is known that V. =0.7V
and Vee =V -V and V. =IR;
Ve =1:R. =0.85mx1.5k =128V
Vg =V +V: =0.7+1.28=1.98V = V,
from Ve =V -V,
Ve =V + Ve =12.19+1.28=13.51V
Vg =V -V, =0.7-13.51=-12.81V
this BJT is biased in FORWARD ACTIVE
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Example Voltage Divider Bias with 2 supply

Determine Iz, lcqy Verar Vear Vear Ve Given B= he= 120 and Vg= 0.7V.
[Ans: lgq = 35.35pA, Icq = 4.24 MA, Vg = 20.92 V, Vgq = -11.6 V,
Vq=8.55V, V ,=-12.37V]

o VCC= +20V

g RC§ 2.7 kQ

R & 82 kQ C,
<>C H( oV,
Cl 10 uF
- \| B =
i © 11 > ﬁ— 120
10 uF
E
R*_)§ 2.2 k)
R &€ 1.8 kQ
l Veg=—20V
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step1:open all capacitors and draw the DC equivalent circuit

Y  Solution —

step 2:calculate V,, and R,

R,

N £
Wowmg”  UNVERSITI TEKHOLOGI WALAVSIA

I:21

V,, = X(+ Ve )+ ———x(—-V,
th R1+R2 ( CC) R1+R2 ( CC)
. x(+20)+ 8.2k x(-20)=-11.54V
2.2k +8.2K 2.2k +8.2k
2282k g
2.2k +8.2K
step 3:
B-E Loop KVL

Vi - 1gRyy - Ve - 1eRg + Ve =0
using relation 1. =(1+8)I,

Vi = 1Ry - Ve _(1+B)IBRE +Vee =0
-11.54-1,4(1.73k)-0.7-(1+120) 1 (1.8k)+20 =0
_ 20-11.54-0.7
¢ 1,73k +1.8k(1+120)

using relation 1. =(1+pB)l; and I ~ I,
le = I = I, =(1+120)x35.35 1 = 4.28 MA

B =

= 35.35 uA
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C-E Loop KVL
Vee - lcRe - Vee - IgRe + Ve =0
assume I, = I
Ve =Vee - IR - 1.R + Vg = 20— 2.7k(4.28m)—1.8k(4.28m )+ 20
Vee = Vigo =20.74V

It is known that V. =0.7V
and Voe =V,-V. andV.=I_R. -V,
- Ve =1.R. -V =1.8k(4.28m)-20=-12.3V
Vg =Ve +V. =0.7-12.3=-11.6V ~ V,,
from Ve =V - Ve
V.=V, +V.=2074-12.3=8.44V
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»  Exercise FINAL SEU 2012 2010/2011/2

Refer to a small signal amplifier circuit in Figure Q3. The transistor’s parameter are:

Boc = Bac =100, V= 0.7V, V; = 26mV

|. Draw the DC equivalent circuit.

ll. Calculate the base and collector current, I and I, [Ans: 1;4=18.7uA,
lcq=1.87mA]

lll. Calculate the collector to emitter voltage, V.¢q. [ANS=V=6.3V]

IV. Calculate new Q-point (lIzg and I,) if R, is halved [Ans: 1;=7.7uA, 1.=0.77mA]

VCC
+12Vv

Ry &
17.8kQ ;

A 4
NV I\

70
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»  Load Line Analysis - Voltage Divider Bias

dFor the load-line analysis, the cutoff region still results the same as the
fixed bias and emitter bias configuration:

Vee =Vee 1. =0
JAnNd for the saturation region:
VCC

cu TR+ R, Vg =0
C+RE CE
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Exercise Final Exam 2013/2014/2

The dc load line of the circuit and the characteristic is as shown. Based on the

figures,

(i) Determine the common emitter current gain, B, and the emitter current, I..
[Ans: B =75, 1.=5.71mA]

(i) Determine R; and R, such that the circuit yields the given Q-point. Given Vi, =
0.7V, Vg =6V, and R, =600 Q. [Ans: Rg=25kQ, R.=400Q)]

ic (mA) 4

12
10+
. \
R I
B I
—— Vcc 6 \/onm[
leg=563 mAS —=ax | —
. \ o =114

|
Ves == Re -2 | \
|
| | | | 1
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»  DC Biasing Circuit for PNP BJT

JAIl the previous analysis and technique used in NPN BJT can be applied
to PNP BJT.

dThis is because the amount of current is the same; I =l +I.
d The major different is the direction of current flowing.
d PNP BJT current flow from emitter to collector.

C E
B*IiNPN B*liPNP
E C

innovative e entrepreneurial e global 73



Example Voltage Divider PNP

Determine lgq, lcqs Ve Ve/Ve and Ve, Given B =120 and V; = 0.7.
[Ans: 154 =17.4uUA, 1.0=2.09 MA V,=-10.68, Vg =-3V, V. =-12.98V and V = -

2.32V] -

)

2.4 kQ

47 kQ 10 uF
[ o,

¢

10 uF B
V; o H ' o B =120

E

10kQ
1.1 kQ

74
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Y  Solution

step 2:calculate V,, and R,

V, = 1% x—-18=-3.16V
10k + 47k
. 10k x 47k _8.95KO
10k + 47k
then redraw the circuit.
step 3:
E-B Loop KVL

leRe - VeV, - IgR 1y + Vo =0

using relation 1. =(1+B)I,

IB(1+B)RE Vg - lgRmyy + Vo =0
l,(1+120)(1.1k)-0.7 - 14(8.25k)+3.16 =0

- 3.16-0.7
"% 8.25k +1.1k(1+120)

. =(1+B)I, and I ~ I,

IB_

using relation

Q

IE
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=17.4 uA

lc ~ o =(1+120)x17.4 p = 2.09 mA

step1:open all capacitors and draw the DC equivalent circuit.

75

R Wi
& iy b,
5 i
. %
2 g
h, 3

b P UNIVERSITI TEKNOLOGI MALAYSIA



E-C Loop KVL
-1.R: =V — IR + V. =0
assume | ~ |
Ve = IR — IR + V.. =—1.1k(2.09m)-2.4k(2.09m)+18
Vee = Veeo =10.69V . Vg =V, =-10.69V
It is known that V; =0.7V
and Vg =V -V  and V. =-1.R;
Ve =—1Rp =-2.09mx1.1k =-2.3V
Vg =V -V, =-23-0.7=-3V
from Vee =V -V,
Ve =V — V. =-2.3-10.69=-12.99V
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»  Example Fixed Bias with 2 supply

Determine lgq, lcq, Veear Ve Vo Ve Given B= h= 100and Vgg= 0.7V.
[Ans: 150=10.49uA, 1.,=1.05mA, V,=-13.96V, V;=0.2V V=-12.86V and
Ve =0.93V]

Ve (20 V)
Q
R, g{}.ﬁ Qo
AY
~ A
C,
€ - B =100 N
RH é Rl. V
60 € Ry, 1 kKO 0
+ 22 kO Rg L~ -
“s@ 18kQ |
= TV, (20 V) =
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Y  Solution

step 1:open all capacitors and draw the DC equivalent circuit.

step 2:

E-B Loop KVL
20-1.R; -V - 1;R; =0
using relation 1. =(1+8)1,
20-(1+B)I;R: -V -1;R; =0
20-V, 20-0.7
"R, +R.(L+B) 22k +18k(L+100)
using relation 1. = I,
I, ~ 1. =(1+100)x10.49 p =1.06 mA

=10.49 pA

g
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step 3

E-C Loop KVL
Vee - 1eRe - Ve - IR + Vi =0
20-18Kk(1.06)- V. -6.8k(1.06)+20 =0
V.. = 20-18Kk(1.06)-6.8k(1.06)+ 20
Vee =Veeo =13.73V
5 Ve = Vg =-13.73V
Weknow =V, =V -V, and V. =-I_R; +V
Therefore V. =-I_R_ + Vg =(-1.06m )18k + 20 = 0.92V
.V, =V, -V, =0.92-0.7=0.22V
and V. =V, — V.. =0.92-13.73=-12.81V
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Exercise : Design

Determine all the resistors Rg, R., R, and R, values in designing the fixed
bias with emitter-stabilized circuit as below. Given B .,= hemin= 80 and
Vge= 0.7 V, Vo= 8 V and Io= 10 mA. Assume V= (1/10)V. and BR; =10R,.
[Ans: Rg=197.530,RC =1kQ,R, = 10.12 kQ, R,=1.58kQ]

VCC - 20 \"

ac
output
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Y  Exercise

Calculate the value for R, R;, V. and B for a fixed bias circuit if V.= 24V, |,
= 20pA dan I. = 3mA. Transistor must properly biased to achieve maximum
symmetrical output swing for the voltage and current. Given Vg = 0.7V.
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)

Example
Transistor Specification & Data Sheet

Answer the following questions by referring to the partial transistor data
sheet for transistor 2N3904.

a) What is the maximum collector to emitter voltage?
b) How much continuous collector current can the 2N3904 handle?

c) How much power can 2N3904 dissipate if the ambient temperature is
25° C?

d) What is the minimum and maximum B?

innovative e entrepreneurial e global 82



UHIVERSITI TEKNOLOGI MALAYSIA

Y  Data Sheet for BIT

Absolute Maximum Ratings'": @

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliability. The
absolute maximum ratings are stress ratings only. Values are at T, = 25°C unless otherwise noted.

Symbol Parameter Value Unit
Veeo Collector-Emitter Voltage 40 \
Vero Collector-Base Voltage 60 \
Vego Emitter-Base Voltage 6.0 \

Ic Collector Gurrent - Continuous 200 mA

T, Tste |Operating and Storage Junction Temperature Range -55t0 150 °C

Notes:

1. These ratings are based on a maximum junction temperature of 150°C.
2. These are steady-state limits. Fairchild Semiconductor should be consulted on applications involving pulsed or
low-duty cycle operations.

Thermal Characteristics
Values are at Ty = 25°C unless otherwise noted.

Jaidwy asoding-jeiausn NdN — ¥06€1LZd / Y06ELININ / YOGENZ

Maximum .
Symbol Parameter ; Unit
2N3904 | MMBT3904¢) | PZT39044

p Total Device Dissipation 625 350 1,000 mW
b Derate Above 25°C 5.0 2.8 8.0 mW/°C

Reuc Thermal Resistance, Junction to Case 83.3 °C/W
ReJa Thermal Resistance, Junction to Ambient 200 357 125 °C/W

Notes:

3. Device is mounted on FR-4 PCB 1.6 inch X 1.6 inch X 0.06 inch.
4. Device is mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mm, mounting pad for the collector lead minimum 6 cm?.
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Y  Data Sheet for BIT

innovative e entrepreneurial e global

Electrical Characteristics
Values are at Ty = 25°C unless otherwise noted.

Symbol | Parameter Conditions | Min. Max. | Unit
OFF CHARACTERISTICS
Vigriceo | Collector-Emitter Breakdown Voltage | Ic= 1.0 mA, Ig=0 40 \
Vigriceo | Collector-Base Breakdown Voltage |lg=10pA, Ig=0 80 \
Vigrieeo | Emitter-Base Breakdown Voltage le=10pA, lg=0 6.0 \
Il Base Cut-Off Current Vce=30V,Vgg=3V 50 nA
lcEX Collector Cut-Off Current Vece=30V,Vgg=3V 50 nA
ON CHARACTERISTICS®
|C=0.1 mA, VCE=1.0V 40
lc=1.0mA, Vg =1.0V 70
heg DC Current Gain lc=10mA, Vgg=1.0V 100 300
lc=50mA, Vge=1.0V 60
Ic =100 mA, Vge = 1.0V 30
. ) lc=10mA, Ig=1.0 mA 0.2
Vce(sat) | Collector-Emitter Saturation Voltage \
lc =50 mA, lg=5.0 mA 0.3
_ _ Ig=10mA, Ig=1.0 mA 0.65 0.85
Vge(sat) | Base-Emitter Saturation Voltage \
IC =50 mA, IB =5.0mA 0.95
SMALL SIGNAL CHARACTERISTICS
e ; lc=10mA, Vge =20 V,
fr Current Gain - Bandwidth Product f~ 100 MHz 300 MHz
) Veg=5.0V, =0,
Cobo Output Capacitance f = 100 kHz 4.0 pF
. . VEB = 05 V, IC = 0,
Cibo Input Capacitance f = 100 kHz 8.0 pF
IC =100 ].,lA, VCE =5.0 V,
NF Noise Figure Rg = 1.0 kQ, 5.0 dB
f=10Hz to 15.7 kHz
SWITCHING CHARACTERISTICS
ta Delay Time Vog=3.0V,Vge =05V 35 ns
t, Rise Time lc=10mA, lg; =1.0mA 35 ns
ts Storage Time Vog=3.0V, Ig = 10 mA, 200 ns
t Fall Time Iy = Igz = 1.0 mA 50 ns

Note:

5. Pulse test: pulse width < 300 us, duty cycle < 2.0%.

1alijdwy asodind-eiausn NdN — v06€L1Zd / Y06ELEININ / YOBENT
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