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EXPERIMENT 1 : Bipolar Junction Transistor (BJT) and Field Effect Transistor (FET) : AC 

Analysis 

 

OBJECTIVES 

1. To determine the values of voltage gain AV, input impedance, Zi and output impedance, Zo 

for loaded and unloaded operation in  BJT. 

2. To determine the values of  saturation current,  IDSS and pinch off voltage, Vp and the 

voltage gain, Av in FET. 

 

COMPONENT/EQUIPMENT 

1. Function generator 

2. BJT : 2N3904  

3. D-MOSFET : DN 2535 

4. Oscilloscope 

5. Resistor:  1 kΩ (2 units), 3 kΩ (1 unit), 10 kΩ (1 unit), 33 kΩ (1 unit), 1 M ( 1 unit) 

6. Capacitor: 15 µF (2 units), 22 µF (1 unit) 

 
THEORY 

Bipolar Junction Transistor (BJT) 

The common-emitter (CE) transistor amplifier configuration is widely used. It 

provides large voltage gain (typically ten to hundred) and provides moderate input and 

output impedance. The AC signal voltage gain is defined as 

𝐴𝑣 =
𝑉𝑜

𝑉𝑖
 

 
where Vi and Vo can both be rms, peak or peak-peak values. The input impedance, Zi is that of 

the amplifier (as seen by the input signal). The output impedance, Zo is that seen looking from 

the load into the output of the amplifier. The transistor's ac dynamic resistance, re, can be 

calculated using 

 

𝑟𝑒 =
26 𝑚𝑉

𝐼𝐸  𝑚𝐴
 

The ac voltage gain of a CE amplifier (under no load / without RL) can be calculated using 

𝐴𝑉 =
−𝑅𝐶

𝑟𝑒
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The ac input impedance is calculated using 

𝑍𝑖 = 𝑅1//𝑅2//𝛽𝑟𝑒                 

(Eq 1) 

 

 

The ac output impedance is calculated using 

𝑍𝑂 = 𝑅𝐶 

For measurement, the voltage gain is obtained using 

𝐴𝑣 =
𝑉𝑜

𝑉𝑖
 

For measurement, the transistor's ac dynamic resistance is obtained using 

𝑟𝑒 =
−𝑅𝐶

𝐴
 

For measurement, the ac input impedance is obtained using 

𝑍𝑖 =
𝑉𝑖

(𝑉𝑠𝑖𝑔 − 𝑉𝑖)
𝑅𝑋 

(Eq 2) 

For measurement, the ac output impedance is obtained using 

𝑍𝑂 =
(𝑉𝑂 − 𝑉𝐿)

𝑉𝐿
𝑅𝐿 

(Eq 3) 

 
 

Field Effect Transistor 

The common-source (CS) transistor amplifier configuration is widely used.  

The AC signal voltage gain is defined as 

𝐴𝑣 =
𝑉𝑜

𝑉𝑖
 

 
where Vi and Vo can both be rms, peak or peak-peak values.  

 

The ac voltage gain of a CS amplifier (under no load / without RL) can be calculated using 

𝐴𝑉 = −𝑔𝑚𝑅𝐷 

  

𝑔𝑚  =
2𝐼𝐷𝑆𝑆

𝑉𝑝
(1 −

𝑉𝐺𝑆𝑄)

𝑉𝑃
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Part A : BJT :  Voltage Gain, Av 

Procedures: 

1. Make the connections as shown in Figure 1. This arrangement is called Common 

Emitter Amplifier (CE Amp) that can be represented by block diagram as shown in    

Figure 2. 

2. Apply an AC input signal, Vsig = 50 mVpeak at frequency, f = I kHz. Observe the output 

waveform on the oscilloscope to ensure that there is no distortion (if there is distortion, 

reduce the input signal or check the de bias). CH1 at AC input of circuit and CH2 at AC 

output of the circuit. 

3. Record the resulting DC currents and AC output voltage, Vo in Table 1. Complete Table 1. 

4. Sketch the output voltage with reference to the input voltage in the space provided in the 

answer sheet. 

 

 

vo

15 V

1k

3 k

15 F

10 k

33 k

vi

22 F

15 F

 

 

Figure 1 

 

 

 

 

 

 



DDWB/K/E 3711  
Electronics 2 

Experiments 1 : BJT and FET AC Analysis 

 

Update : May 2018 (Zaimah Daud) Page 5 
 

 

Part B :BJT : Input Impedance, Zi 

Procedures: 

1. Connect RX = 1 kΩ to the CE Amplifier as shown in Figure 2. 

2. Apply input signal, Vsig = 50 mVpeak. Observe the output waveform to ensure that there is 

no distortion. Measure Vi(peak). Record your measurement in Table 2. 

3. Using the value of IC and IB in Table 2, calculate  β. 

4. Calculate Zi using Equation 1 and Equation 2. Show your calculations. 

 

 

Vi

Zi

RX C1

CE 

Amp
Vo

Vsig

 

Figure 2 

 

Part C : BJT : Output Impedance, ZO 

Procedures: 

1. Remove Rx. Apply input voltage, Vi = 50 mV(peak) and measure the output voltage,Vo(peak). 

Ensure that there is no distortion in output waveform. (This value of VO is for no load 

resistor, R L). Record your measurement in Table 3. 

2. Connect load resistor, RL as shown in Figure 3. Measure VL (peak). Record your 

measurement in Table 4. 

3. Complete Table 4. Show your calculations. 
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Vi

RL

C1

CE 

Amp
VL

 

 

Figure 3 

 

 

 

Part D : D-MOSFET : DETERMINATION OF SATURATION CURRENT AND PINCH OFF 

VOLTAGE 

 

Procedures: 

1. Make the connections as shown in Figure 4. Connect the GATE (G) to the negative voltage 

(VGG ) . This negative voltage can be obtained from the Trainer.  

2. Set VGG =  0 V. Measure and Record ID in Table 4. This value is the saturation current 

IDSS. 

3. Varies  VGG  until  ID =0 mA,  Measure and Record VGS in Table 4. This value is pinch off 

voltage, Vp 
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390 

18 V

VGG

DN2535

 

 

Figure 4 

 

PART E : D-MOSFET : Voltage Gain 

 

Procedures: 

1. Make the connections as shown in Figure 5.  

2. Measure and record VGS. 

3. Apply an AC input signal, Vsig = 50 mVpeak sine wave at frequency, f = I kHz. Observe the 

output waveform on the oscilloscope to ensure that there is no distortion (if there is 

distortion, reduce the input signal or check the de bias). 

4. Record the resulting DC voltage and AC output voltage, Vo in Table 5. Complete Table 5. 

5. Sketch the output voltage with reference to the input voltage in the space provided in the 

answer sheet. 
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vo

3 k

vi 

15  V

1 k
1 M

15 F

15 F

22 F

DN2535

 

 

Figure 5. 
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EXPERIMENT 1 : BIPOLAR JUNCTION TRANSISTOR (BJT) : DC AND AC ANALYSIS 

 

Part A : BJT AC Biasing 

 

 

Measurement (Multimeter) Calculation Measurement (Oscilloscope) 

 

IB (mA) 

 

Ic(mA) 

 

IE (mA) 

𝒓𝒆

=
𝟐𝟔𝒎𝑽

𝑰𝑬
 

𝑨𝒗

=
−𝑹𝒄
𝒓𝒆

 
Vsig(peak) Vo(peak) 

𝑨𝒗

=
𝑽𝒐
𝑽𝒊

 

𝒓𝒆

=
−𝑹𝒄
𝑨𝒗

 

         

Table 1 

PLO1 CLO1 
……… 

/10m 

 

Sketch of Vi and Vo 

 

 

 

 

 

 

 

 

 

 

 

 

 

PLO1 CLO1 
……… 

/10m 
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Part B : BJT : Input impedance, Zi 

𝜷 =
𝑰𝑪
𝑰𝑩

 Zi (from Eq.1) Vsig (peak) Vi(peak) Zi (from Eq.2) 

     

Table 2 

PLO1 CLO1 
……… 

/10m 

Part C : BJT : Output Impedance, Zo 

Calculation (Theory) Measurement 

 Zo 
Output Voltage 

(peak) 
Zo (from Eq.3) 

No load  VO =  

With load  VL =  

Table 3 

PLO1 CLO1 
……… 

/10m 

 

 

Part D :  D-MOSFET : Determination of Saturation Current, IDSS and Pinch Off Voltage ,  Vp   

 

IDSS 

(mA) 

VP 

( V) 

  

Table 4 

 

 

PLO1 CLO1 
……… 

/10m 
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Part E : D-MOSFET -AC Biasing 

 

Measurement 

(  Multimeter) 

Calculation Measurement (Oscilloscope) 

 

VGS (V) 

𝒈𝒎 = 

𝟐
𝑰𝑫𝑺𝑺
𝑽𝑷

(𝟏 −
𝑽𝑮𝑺
𝑽𝑷

) 

𝑨𝒗

= −𝒈𝒎𝑹𝑫 
Vsig(peak) Vo(peak) 𝑨𝒗 =

𝑽𝒐
𝑽𝒊

 

      

Table 5 

 

PLO1 CLO1 
……… 

/10m 

 

 

 

Questions: 

Ql.  Compare the voltage gain of BJT and D- MOSFET obtained using calculation and 

measurement. Give your comments. 

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

PLO1 CLO1 
……… 

/10m 

Q2.  Discuss the function of the circuits (Compare the input and output waveforms). 

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………… 
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PLO1 CLO1 
……… 

/10m 

 

 

Q3.  Compare the values of input impedance obtained using Equation 1 and Equation 2. Give 

your comments. 

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………… 

PLO1 CLO1 
……… 

/10m 

Q4.  From Table 3, compare the values of output impedance. Give your comments. 

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………… 

PLO1 CLO1 
……… 

/10m 

 

Q5.   Conclusion 

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………………………… 

PLO4  
……… 

/10m 
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PLO2 (Psychomotor/Hands On Skills) for LABS Experiments 

 

Criteria 

Very poor 

(5 Marks) 

 

Poor 

(10 Marks) 

 

 

Moderate 

(15 Marks) 

 

Good 

(20 Marks) 

 

Excellent 

(25 Marks) 

1 
Ability to perform lab works 
based on the manual/ 
guidelines provided 

Not at all 
Quite Limited 
/Selectively 

Can perform 
lab work 
moderately but 
require a lot of 
guidance 

Can perform 
lab work 
systematically 
and only need 
minor guidance  

Demonstrate 
systematic and 
excellent 
performances 
 

2 
Ability to perform  simple lab 
work without supervision 

Need full 
supervision 

Major supervision 
Minor 
supervision 

Limited 
supervision 

Work 
independently 
With no 
supervision 

3 

Ability to carry out lab work 
efficiently on the following 
criteria, (circuit assembly, 
using measurement apparatus 
and techniques) 

Not able to 
construct a full 
circuit, 
poor/inaccurate 
measurement 
techniques/usag
e of equipment 
 

 
Completed full 
circuit but 
poor/inaccurate 
measurement 
techniques/usage 
of equipment 
 
 

Completed full 
circuit and it 
works 
successfully. 
However the 
measurement 
techniques/usa
ge of 
equipment had 
some minor 
deficiency 
 

Completed full 
circuit and it 
works 
successfully. 
However the 
measurement 
techniques/usa
ge of 
equipment had 
produced a few 
errors/correctio
ns. 

Circuit was 
completed and 
works properly 
without any errors 
/corrections.  Also 
demonstrated an 
excellent 
skills/conducts. 

4 

Ability to collect the required 
data, performs appropriate 
analysis and/or 
troubleshooting (if 
necessary). 

Not able to 
collect data 
and/or perform 
analysis 

Limited data 
collection but not 
able to perform 
analysis/ 
troubleshooting 

Demonstrates 
major errors in 
data collection 
and /or  
analysis. 
Limited ability  
in 
troubleshooting 

Minor error in 
data collection 
and analysis. 
Good 
approach/techn
iques in 
troubleshooting
. 

Data collection 
and data analysis 
are done 
systematically and 
performs  
excellent 
approaches to 
trouble shoot (if 
necessary) 
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PLO4 For Laboratory Report 

 Criteria Very Poor 

(5 Marks) 

Poor 

(10 Marks) 

Moderate 

(15 Marks) 

Good 

(20 Marks) 

Excellent 

(25 Marks) 

1 Data Collection No data 

reported. 

Data is brief 

and missing 

significant 

pieces of 

information. 

Incomplete these of 

components of data 

(Both tables and 

Graphes):  

 _____Tables 

 _____Graphs 

Only one 

component of 

data is 

incomplete 

(either table or 

graph). 

 Tables/Graphs 

Data is completed 

properly and  attributes 

mentioned below are 

observed with great care: 

 Tables are easy to read 

and units are provided. 

 Graphs are labeled and 

shown trends. 

2 Completing/Answering   

Questions 

Questions are 

not answered 

at all. 

Attempts 

were made 

but gave 

wrong 

answer to 

every 

question. 

Questions are 

answered without 

any depth and with 

many errors. 

Questions are 

properly 

answered but 

with a few 

errors. 

Questions are answered 

completely and correctly. 

3 Summary/Conclusion No conclusion 

or  summary 

is/are 

drawn/reported 

Conclusion 

is too brief 

without any 

reference to 

important 

pieces of 

information 

Any two 

components of the 

conclusion/summary 

(mentioned) are  

missing : 

 Summary 

 Data 

 Hypothesis 

 Errors 

Any component 

of the 

conclusion 

/Summary 

(mentioned) is 

missing: 

 Summary 

 Data 

 Hypothesis 

 Errors 

 

Conclusion /Summary of 

these attributes below 

were addressed/reported 

properly, clearly and 

systematically. 

 experiment,  

 data cited 

 hypothesis/assumption

s made 

 The source of errors. 

4 Report Quality No attention to 

detail evident. 

Report 

contains 

many 

errors. 

Report is good but 

with few spelling or 

grammatical errors. 

Report is well 

written and 

cohesive, with a 

few errors 

Report is very well 

written without any 

spelling or grammatical 

mistakes. 
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PLO8 for LABS Experiments 

 
Criteria 

-Understand the conducts, 

ethical values and socio-

cultural impacts on 

professional norm and 

practice 

 

Very poor 

(5 Marks) 

 

Poor 

(10 Marks) 

 

 

Moderate 

(15 Marks) 

 

Good 

(20 Marks) 

 

Excellent 

(25 Marks) 

1 

Professional Practice 

(Punctuality/Follow the Rules) 

 

Non-

Conforming/In-

punctuality 

Not always 

Conforming/ 

Not always 

punctual 

Sometimes 

Conforming/

Sometimes 

punctual 

Conformin

g /Punctual 

 

Always 

Conforming 

/Always 

Punctual 

2 

Ethical Conduct/Behaviour 

(Trustworthy / 

Respectfulness) 

 

Does not 

practice  

Not always 

practicing  

Sometimes 

only  

Mostly 

practicing  

Always 

practicing  

3 

Social Cultural   (Racial 

Harmony) 

 

Does not 

observe 

Not always 

observe 

Sometimes 

observe 

Mostly 

observe 

Always observe 

 

4 

Personality 

 

Mostly 

unpleasant 

Not always 

pleasant 

Moderately 

pleasant 

 

Mostly 

pleasant 

 

 

Always 

pleasant  

 

 

 


