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Operation RegionOperation Region

Q-point



Operation RegionOperation Region

Li i• Linear region:
– Base‐emitter junction forward‐bias (VBE = 0.7 V)
Base collector junction reverse bias (V )– Base‐collector junction reverse‐bias (VCB)

• Cutoff region:
– Base emitter junction reverse bias (V )– Base‐emitter junction reverse‐bias (VBE)
– Base‐collector junction reverse‐bias (VCB)

• Saturation region:Saturation region:
– Base‐emitter junction forward‐bias (VBE = 0.7 V)
– Base‐collector junction forward‐bias (VCB)j ( CB)



Recall Important EquationsRecall Important Equations
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Bias ConfigurationsBias Configurations

• There are many types of bias configurationThere are many types of bias configuration

• The subtopic will cover:
Fi d bi fi ti– Fixed bias configuration

– Emitter bias configuration

– Voltage‐divider bias configuration

– DC bias with voltage feedback configuration

– Miscellaneous bias configuration



Fixed Bias ConfigurationFixed Bias Configuration

• The configuration:The configuration:



Fixed Bias ConfigurationFixed Bias Configuration

• DC equivalent circuit:DC equivalent circuit:

• Ignoring the ac input & 
outputp

• Ignoring the capacitor 
C1 and C2 at ac input & 1 2 p
output terminal

• The emitter junction is 
grounded

• So,
0V 0=EV



Example 4.1Example 4.1

• The circuit:The circuit:



• Determine IBQ and ICQDetermine IBQ and ICQ
• Determine VCEQ

i d• Determine VB and VC

• Determine VBC



Example 4.1aExample 4.1a

• Determine IBQ and ICQ:Determine IBQ and ICQ:
• For IBQ: −
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Example 4.1bExample 4.1b

• Determine VCEQ:Determine VCEQ:
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Example 4.1cExample 4.1c

• Determine VB and VC:Determine VB and VC:

• Taken from Solution 4.1a:

V836
V7.0=B

V
V

V 83.6=CV



Example 4.1dExample 4.1d

• Determine VBC:Determine VBC:

V13.683.67.0 −=−=−= CBBC VVV CBBC



Transistor SaturationTransistor Saturation

• Saturation means for any system that haveSaturation means for any system that have 
reached their maximum value

• In transistor saturation region is where the• In transistor, saturation region is where the 
base‐collector junction is in forward bias

Wh hi h h i l ill b• When this happens, the output signal will be 
distorted



Transistor SaturationTransistor Saturation

Actual
Approximate

Notice that in saturation region, VCE = 0



Saturation LevelSaturation Level

• For the fixed‐bias configuration to determineFor the fixed bias configuration, to determine 
the saturation current, IC(sat), the equivalent 
circuit is:circuit is:



Saturation LevelSaturation Level

• The calculation:The calculation:

00 −=−== CECCE VVVV

• For that, the saturation current becomes:
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Load‐Line AnalysisLoad Line Analysis
• If the configuration and the device 

h i i h b lcharacteristic are as shown as below:



Load‐Line AnalysisLoad Line Analysis

• A line is drawn from vertical axis to the 
horizontal axis (recall Load‐Line Analysis for 
diode)

• The point from horizontal axis would be IC = C
0 (notice that the point is in cutoff‐region)

• The point from vertical axis would be VCE = 0 p CE
(notice that the point is in saturation‐region)



Load‐Line AnalysisLoad Line Analysis

• For IC = 0: CCC VVI − 0For IC = 0:

C

CCC
C R

VVI == 0

• As for VE = 0:
CCC VV =∴

CCECCE VVVVV =−=−= 0
• Resulting in:

region)-(cutoffCCCE VV =



Load‐Line AnalysisLoad Line Analysis
• For VCE = 0, the transistor will be in saturation 

iregion

• Taking the transistor saturation equation:
V

C

CC
C R

VI
sat
=

• As a conclusion, the load‐line analysis for fixed‐
bias circuit:

C

region)(c toffVV– For IC = 0: region)-(cutoffCCCE VV =

i )( iCCVI– For VCE = 0: region)n (saturatio
C

CC
C R

VI
sat
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Load‐Line AnalysisLoad Line Analysis
• The characteristic becomes:

Q point is establish from I givenQ-point is establish from IB given



Example 4.3
• Given the load‐line for fixed‐bias configuration

• Determine VCC, RC and RBCC C B



Example 4.3Example 4.3

• For IC = 0:For IC = 0:

0

20== CCCE VV
• For VCE = 0:

1020CC mVI

Ω
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k2
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m
RR
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Ω=∴ k2CR



Example 4.3Example 4.3
• From the load‐line given, Q‐point is 

i l I 25 Aapproximately at IB = 25 μA

• For a fixed‐bias configuration, IB is defined by the 
tiequation:

BCC
B R

VVI −
=

• Since that VE = 0, resulting in VBE = VB = 0.7, RB
b l l t d f th b ti

BR

can be calculated from the above equation:
−

=
7.02025

R
μ

Ω=∴ k 772B

B

R
R



Emitter Bias ConfigurationEmitter Bias Configuration

• The configuration:The configuration:

• Added resistor at 
emitter junction (RE) to j ( E)
improve stability



Example 4.4Example 4.4
• Determine IB, IC, VCE, VC, VE, VB & VBC for the emitter 
bias circuit below:bias circuit below:



Example 4.4Example 4.4
• Reference at B‐E junction where VBE = 0.7 V

• Develop an equation for VB:
V7.0=−= EBBE VVV

B

B
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B k

V
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VVI
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BB
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kIV
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43020
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• Then, develop an equation for VE:Then, develop an equation for VE:
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Example 4.4Example 4.4

• From VB and VE, insert to equation VBE:From VB and VE, insert to equation VBE:

7.0=− EB VV

A1240
7.05143020

μ=∴
=−− BB

I
kIkI

• For IC:

A12.40 μ=∴ BI
( )( ) mA 01.212.4050 === μβ BC II

• Get VC from IC equation:
−

=
C
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C R

VVI

V 98.15       
2

2001.2 =∴
−

= C
C V

k
Vm



Example 4.4Example 4.4

• For the value of VB, insert the value of IB into the VBFor the value of VB, insert the value of IB into the VB
equation:

V 75.2)12.40(4302043020 =−=−= μkkIV BB

• For the value of VE, insert the value of IB into the VE
equation:q

• For VCE:

V 05.2)12.40(5151 === μkkIV BE

CE

• For VBC:

V93.1305.298.15 =−=−= ECCE VVV

For VBC:

V 23.1398.1575.2 −=−=−= CBBC VVV



Saturation LevelSaturation Level

• For the emitter‐biasFor the emitter bias 
configuration, to 
determine the 
saturation current, 
IC(sat), the equivalent 
i it icircuit is:



Saturation LevelSaturation Level

• The calculation:The calculation:
ECCE

VV
VVV
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EC VV =∴

EC II ≈
• For that, the saturation current becomes:
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Load‐Line AnalysisLoad Line Analysis

• For VCE = 0, the transistor will be in saturationFor VCE  0, the transistor will be in saturation 
region

• Taking the transistor saturation equation:g q

CC
C RR

VI
sat +
=

• For IC = 0:
EC RRsat +
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Load‐Line AnalysisLoad Line Analysis

• So, the load‐lineSo, the load line 
becomes:



Voltage‐Divider Bias ConfigurationVoltage Divider Bias Configuration
• The configuration:

dd d f• Added R2 for RB
connected to ground

T ki d f l i f• Two kind of analysis for 
voltage‐divider bias:

Exact Analysis– Exact Analysis

– Approximate Analysis



Exact AnalysisExact Analysis

• Thevenin equivalent circuit is applied for VCC, ground,Thevenin equivalent circuit is applied for VCC, ground, 
R1 and R2 at base terminal VB

• The circuit at base terminal becomes:



Exact AnalysisExact Analysis

• RTH and ETH must be determined for Thevenin
equivalent circuit
– Determining RTH ‐ Determining ETHTH TH



Exact AnalysisExact Analysis

• The Thevenin equivalent circuit at baseThe Thevenin equivalent circuit at base 
terminal becomes:



Example 4.7Example 4.7

• Determine VCE and ICDetermine VCE and IC



Example 4.7Example 4.7

• Determining RTH:Determining RTH:

Ω=
+

=
+

== k 55.3
9.339

)9.3)(39(

21

21
21 kk

kk
RR

RRRRRTH

• Determining ETH (by applying nodal analysis at base 
terminal):

++ 9.33921 kkRR
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=
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R
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R
EV

9339
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=
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k
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k
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Example 4.7Example 4.7
• Then applied the same technique as in fixed‐bias 
or emitter bias configuration to get the value ofor emitter‐bias configuration to get the value of 
IB:

– Reference at B E junction where V = 0 7 V
V 7.0=−= EBBE VVV

– Reference at B‐E junction where VBE = 0.7 V

– Develop an equation for VB: BBTH
B k

V
R

VEI
553

2−
=

−
=

Th d l ti f V
BB

TH

kIV
kR

55.32
55.3

−=∴

– Then, develop an equation for VE:

( ) EE
BE k

V
R
VII

51
1 ==+= β( )

BE

E
BE

kIV
kR

5.211
5.1

=∴



Example 4.7Example 4.7
– From VB and VE, insert to equation VBE:

5211553270 kIkIV
A 05.6

5.21155.327.0
μ=∴

−−==

B

BBBE

I
kIkIV

( )( ) A850056140βII– For IC:

– Get VC from IC equation:

( )( ) mA85.005.6140 === μβ BC II

−
= CCC

C R
VVI

V5.13      2285.0 =∴
−

= C
C

C

VVm

R

10 Ck



Example 4.7Example 4.7

– For the value of VE, insert the value of IB into theFor the value of VE, insert the value of IB into the 
VE equation:

V281)056(52115211 μkkIV

– For VCE:

V28.1)05.6(5.2115.211 === μkkIV BE

For VCE:

V22.1228.15.13 =−=−= ECCE VVV ECCE



The Approximate AnalysisThe Approximate Analysis

• For approximate analysis we can assume:For approximate analysis, we can assume:

BTH VE =

• But the below condition must be satisfied so 
that the approximate analysis can be done:pp y

210RRE ≥β 210RRE ≥β



Example 4.8Example 4.8
• Repeat Example 4.7 using the approximate analysis 
technique and compare the solutions for I and Vtechnique and compare the solutions for IC and VCE



Example 4.8Example 4.8
• Examine the condition for the approximate analysis 
technique: 210000)1)(140( kβtechnique:

39000)9.3)(10(10
210000)5.1)(140(

2 ==
==

kR
kREβ

• So the equation   RE ≥ 10R2 is satisfied resulting in ETH
= V

β
= VB

• By applying nodal analysis at node ETH:
− BBCC VVV
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Example 4.8Example 4.8

• For VE:For VE:

( ) E

E

E
BE k

V
R
VII

5.1
1 ==+= β

• From V and V insert to equation V :

BE kIV 5.211=∴

• From VB and VE, insert to equation VBE:

5.21127.0 −== BBE kIV

• For IC:
A15.6 μ=∴ BI

( )( ) mA 86.015.6140 === μβ BC II



Example 4.8Example 4.8
• For VC: −

= CCC
C R

VVI

10
2286.0 −

= C

C

k
Vm

R

• For the value of V insert the value of I into the

V 4.13
10

=∴ CV
k

• For the value of VE, insert the value of IB into the 
VE equation:

V31)156(52115211 kkIV

F V

V3.1)15.6(5.2115.211 === μkkIV BE

• For VCE: V1.123.14.13 =−=−= ECCE VVV



Example 4.8Example 4.8

• By comparing the result from exact analysis withBy comparing the result from exact analysis with 
approximate analysis:

I (mA) V (V)IC (mA) VCE (V)

Exact Analysis 0.85 12.22

A i t A l i 0 86 12 1

• The approximate value of I and V is acceptable due

Approximate Analysis 0.86 12.1

The approximate value of Ic and VCE is acceptable due 
to only small difference between them



Saturation LevelSaturation Level

• The saturation level for the voltage‐dividerThe saturation level for the voltage divider 
bias is the same as for the emitter bias 
configuration due to the existence of RC and REconfiguration due to the existence of RC and RE

CCVI
0=+

=∴
CEEC

CC
C VRR

VI
sat



Load Line AnalysisLoad Line Analysis

• As for the load‐line analysis the cutoff regionAs for the load line analysis, the cutoff region 
still resulting in the same result as the fixed 
bias and emitter bias configuration:bias and emitter bias configuration:

0==
CICCCE VV

• And for the saturation region:

0CICCCE

= CC
C

VI
0=+ CEEC

C VRRsat



DC Bias with Voltage FeedbackDC Bias with Voltage Feedback

• The base resistor (RB) is connected to VC instead ofThe base resistor (RB) is connected to VC instead of 
VCC

• The configuration:g



Example 4.11Example 4.11

• Determine IC and VCEDetermine IC and VCE



Example 4.11Example 4.11

• To make the analysis easier, the circuit is transformedTo make the analysis easier, the circuit is transformed 
into its equivalent circuit:



Example 4.11Example 4.11
• For VB: BC

B k
VVI

250
−

=

B f th i t f V th ti f V

BCB kIVV
k

250
250

−=∴

• Because of the existence of VC, the equation of VC
has to be obtained c

BC k
VII

7.4
10−

== β

• Insert the VC equation into the VB equation:
BC kIV 42310−=∴

kIkIkIV 6731025042310
• For VE:

BBBB kIkIkIV 6731025042310 −=−−=

( ) E
BE

VII 1 =+= β( )

BE

BE

kIV
k

2.109
2.1

=∴

β



Example 4.11Example 4.11

• By substituting the VBE equation:By substituting the VBE equation:

2.109673107.0 −−== BBBE kIkIV

• By applying the same technique as in other bias

A89.11 μ=∴ BI

• By applying the same technique as in other bias 
configuration that has been explained before to get IC
and VCE: A071ICE

V 67.3
mA07.1

=
=

CE

C

V
I



Miscellaneous Bias ConfigurationsMiscellaneous Bias Configurations
• There are many types of bias configuration other 
than the four that have been explainedthan the four that have been explained

• The calculation technique applied is the same for 
all BJT configuration, start with VBE = 0.7 V BE
because it is fixed for all npn transistor (VEB = 0.7 
V for pnp transistor)
O th b t (I ) i bt i d ll th• Once the base current (IB) is obtained, all other 
current and voltage can be calculated

• In the examples provided in this subtopics theIn the examples provided in this subtopics, the 
calculation shown only to obtained IB and all the 
other value can be calculated by applying the 

h h h b l d b ftechnique that have been explained before



Example 4.14Example 4.14

• The circuit:The circuit:



Example 4.14Example 4.14

• The calculation:The calculation:

C
BC k

VII
7.4

20−
== β

124420
68056420

−=∴
−−=
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BBB

kIV
kIkIV

BC kIV 56420−=∴
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kIV
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=
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0=E

kIVVV

V

BCB kIVV
k
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−=∴ A 51.15
01244207.0

μ=∴
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B

BEBBE

I
kIVVV



Example 4.15Example 4.15

• The circuit:The circuit:



Example 4.15Example 4.15

• The calculation:The calculation:

100
0−

= B
B k

VI

100−=∴ BB kIV

9−=EV

A83
)9(1007.0

μ∴
−−−== BBE

I
kIV

A83μ=∴ BI



Example 4.16Example 4.16

• The circuit:The circuit:



Example 4.16Example 4.16

• The calculation:The calculation:

240
0−

= B
B k

VI

240−=∴ BB kIV

20182
2

)20()1(β

∴

−−
=+= E
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kIV
k

VII

( )2018224070

20182 −=∴ BE

kIkIVVV
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( )
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B

BBEBBE

I
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Example 4.17Example 4.17

• The circuit:The circuit:



Example 4.17Example 4.17

• The calculation:The calculation:

0=BV

)4()1(β −−
=+= E

BE k
VII

42.73
2.1

)(β

−=∴ BE

BE

kIV
k

( )42.7307.0 −−== BBE kIV
A08.45 μ=∴ BI



Example 4.18Example 4.18

• The circuit:The circuit:



Example 4.18Example 4.18

• The calculation:The calculation:

TH kk
kkR k 73.1

2.22.8
)2.2)(2.8(

Ω=
+

=
)20(V

THTH

k
E

k
E
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)20(
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20 −−

=
−
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)20()1(β

−=∴
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=+=
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E
BE

kIV
k
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kIV

B
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BTH
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V
R

VEI
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=
−

= ( )
A 35.35
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−−−−=
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I
kIkI

BB kIV 73.154.11 −−=∴
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Bias StabilizationBias Stabilization

DC bias withFixed-bias
− β dependent
− not stable

Emitter-bias
− stabilization
increase

Voltage-divider
bias
− β independent

DC bias with
voltage feedback
− stabilization
increase due to

− still β dependent
β independent

− stabilizefeedback of RB
− less β dependent



Design OperationDesign Operation
• All the technique that has been explained 
previously in this topic are used for circuitpreviously in this topic are used for circuit 
analysis where the current and voltage are 
calculated and obtained
I d i ti f th t d• In design operation, some of the current and 
voltage are given meanwhile the value of the 
resistors have to be obtained in order to design 
h d b f ( ll hthe required bias configuration (all the 
techniques still applied)

• Only 1 assumption has to be made in designOnly 1 assumption has to be made in design 
operation that is:

VV 1
= CCE VV

10
=



Example 4.22Example 4.22
• Determine the all resistors value in designing a 
emitter bias configurationemitter‐bias configuration



Example 4.22Example 4.22
• According to the design operation assumption:

11

• From the V value given:

V 2)20(
10
1

10
1

=== CCE VV

• From the VCE value given:

V12
210

=∴
−=−== CECCE

V
VVVV

• To obtain RC:

V12=∴ CV

−
= CCC

C
VVI

−
=

12202

C
C

m

R

Ω=∴ k 4C

C

R
R



Example 4.22Example 4.22

• Due to IC ≈ IE, RE is obtained: = E
E

VIDue to IC  IE, RE is obtained:

=
22

E
E

m

R
I

Ω=∴

=

k 1

2

E

E

R
R

m

• Due to IC = (β+1)IB, RB is obtained:

( )
−

= BCC
B R

VVI
( )
1512

1β
=

+=

B

BC

Im
II

−
=

7.22024.13

B
B

R

R

μ27.0
7.0
−=

−==

B

EBBE

V
VVV

A 24.13 μ=∴ BI
Ω=∴ M 31.1B

B

R
RV 7.2=∴ BV



Example 4.23Example 4.23
• Determine the all resistors value in designing a 
voltage‐divider bias configurationvoltage divider bias configuration



Example 4.23Example 4.23
• According to the design operation assumption:

11 V 2)20(
10
1

10
1

=== CCE VV

• From the VCE value given:
28 −=−== CECCE VVVV

• To obtain RC:
V 10=∴ CV

−
= CCC

C
VVI

−
=

102010

C
C

m

R

Ω=∴ k 1C

C

R
R



Example 4.22Example 4.22
• Due to IC ≈ IE, RE is obtained:

= E
E

VI

=
210

E
E

m

R
I

• To ease the calculation approximate analysis is used
Ω=∴  200

10

E

E

R
R

m

• To ease the calculation, approximate analysis is used 
so that RTH are ignored:

• For minimum β:
210RRE ≥β

• For minimum β:

=
))((

10 2RREβ
270

7.0
−=

−== EBBE

V
VVV

Ω=∴
=
k 6.1

10)200)(80(

2

2

R
R

V 7.2
27.0

=∴
−=

B

B

V
V



Example 4.22Example 4.22

• Applying nodal analysis at node VB to obtain theApplying nodal analysis at node VB to obtain the 
value of R1:

727220−
6.1
7.27.220

1

=
kR

• Note that the value obtained is recommended using

)k10(usek25.101 ΩΩ=∴R

Note that the value obtained is recommended using 
10 kΩ due to 10.25 kΩ is not exist in the real world



Transistor Switching NetworksTransistor Switching Networks

• Transistor also can be used as switches for computerTransistor also can be used as switches for computer 
applications

• One of the example in computer application is the p p pp
transistor usage as an inverter

• The circuit:



Transistor Switching NetworksTransistor Switching Networks

• Examine the circuit to obtained the load‐• Examine the circuit to obtained the load‐
line analysis point at cutoff and saturation 
regiong

region)-(cutoff V 5 0== =VV ICCCE C

region)n (saturatiomA  6.1
82.0
5

===
kR

VI
C

CC
Csat

• The transistor will work in the cutoff region 
and saturation region as for that 2 Q pointand saturation region, as for that 2 Q‐point 
will be achieved



Transistor Switching NetworksTransistor Switching Networks
• The load‐line analysis will become:



Transistor Switching NetworksTransistor Switching Networks
• Because of VE is grounded, so VBE = VB = 0.7
• For vin = 0: 700−−VV• For vin = 0:

• IB = ‐10.29 μA is way below IB = 0 A in the load‐line, so for 

A29.10
68

7.00 μ−===
kR

VVI
B

Bi
B

B B
sure it is in the cutoff‐region

• Because of VCE = VCC for cutoff‐region, while VC = VCE for 
this configuration, the output VC will be 5 Vthis configuration, the output VC will be 5 V

• For vin = 5: A 24.63
68

7.05 μ=
−

=
−

=
kR

VVI
B

Bi
B

• IB = 63.24 μA is way above IB = 50 μ A in the load‐line, so 
for sure it is in the saturation‐region

• Because of VCE = 0 for saturation‐region, while VC = VCECE g , C CE
for this configuration, the output VC will be 0 V



Example 4.24Example 4.24

• Determine RB and RC for the transistor inverter if ICsatDetermine RB and RC for the transistor inverter if ICsat
= 10 mA



Example 4.24Example 4.24
• At the saturation point, ICsat is defined by:

V
=

C

CC
C R

VI
sat

=
1010

CR
m

• Obtaining IB for saturation region:
Ω=∴ k 1CR

25010 =

=

B

BC

Im

II
sat

β

μA 40
25010

=∴ B

B

I
Im



Example 4.24Example 4.24
• To make sure that IB is really in the saturation region, 
use IB greater than the IB obtained at the saturation B g B
point. As for that, use IB = 60 μA

• At saturation region, input voltage Vi must be high. g , p g i g
As for that, Vi = 10 V

• Because VE = 0 and VBE = 0.7, the value of VB = 0.7E BE B

• To obtain RB: −
= Bi

B R
VVI

7.01060 −
=

B

R

R

μ

)k 150 (use k 155 ΩΩ=∴ B

B

R
R



Example 4.24Example 4.24

• Use 150 kΩ due to 155 kΩ is not exist in the realUse 150 kΩ due to 155 kΩ is not exist in the real 
world

• Check back whether 150 kΩ can be used for 
transistor switching network:

7010−−VV A62
150

7.010 μ===
kR

VVI
B

Bi
B

• The saturation point is at IB = 40 μA, so the use of 
150 kΩ is appropriate because the IB produced is pp p p
surely in the saturation region



pnp Transistorspnp Transistors

• Note that all the analysis and techniquesNote that all the analysis and techniques 
explained is only involving npn transistors

• Therefore for pnp transistor, all of theTherefore for pnp transistor, all of the 
analysis and techniques learned can also 
be applied because of the total current 
flowing in and out of the transistor is still 
the same as in npn that is IE = IB + IC

• The only difference between npn and pnp
transistor is the direction of the current 
fl i d f h iflows in and out of the transistor



Example 4.27Example 4.27

• Obtain VCEObtain VCE



Example 4.27Example 4.27

• By examining the circuit given, it is a voltage‐dividerBy examining the circuit given, it is a voltage divider 
bias configuration

• As for that, approximate analysis can be done if the , pp y
condition are satisfied:

k 132)1.1)(120( kRE Ω==β

2

2

10
k 100)10(1010

RR
kR

E ≥∴
Ω==

β
• The condition are satisfied, approximate analysis can 
be used:

2Eβ

VE BTH VE =



Example 4.27Example 4.27
• Because of the value of VCC is negative, the 
current will flows from ground to VCC resulting in:g CC g

47
)18(

10
0 −−

=
− BB

k
V

k
V

• As for the current flows in pnp transistor has

V 16.3
4710

−=∴ BV
kk

As for the current flows in pnp transistor has 
been the reversed as in npn transistor, the diode 
voltage drop for p‐n junction will be:g p p j

• As for that, VE is obtained:

7.0=−= BEEB VVV

)163(70 =VAs for that, VE is obtained:

V 46.2
)16.3(7.0

−=∴
−−=

E

E

V
V



Example 4.27Example 4.27

• For IE:For IE:

mA 24.2
11

)46.2(
11

0
=

−−
=

−
=

kk
VI E

E

• As for IC ≈ IE, VC is obtained:
1.11.1 kk

−
=

C

CCC
C R

VVI

4.2
)18(mA 24.2 −−

= C

k
V

V 62.12−=∴ CV



Example 4.27Example 4.27

• Finally, VCE is obtained:Finally, VCE is obtained:

V1610)462(6212 === VVV V16.10)46.2(62.12 −=−−−=−= ECCE VVV



Transistor Hints and TipsTransistor Hints and Tips

• All the transistor current (IB IC and IE) must beAll the transistor current (IB, IC and IE) must be 
in positive values due to the current flows in 
and out of the transistor must be satisfied IE =and out of the transistor must be satisfied, IE = 
IB + IC

• The base current I must be small (in μA) to• The base current IB must be small (in μA) to 
ensure that the equation IC ≈ IE is satisfied


