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8-1 Curriculum Objectives 

    1. To understand the basic theory of BJT and IGBT. 

    2. To understand the characteristics of BJT and IGBT. 

    3. To understand the operating principle of BJT and IGBT. 

    4. To understand the basic applications of BJT and IGBT. 

8-2 Curriculum Theory 

In 1947, two experimental researchers, Badin and Bradton of Bell Labs, 

invented the contact bipolar junction function transistor (BJT) under the 

guidance of Shockley. 

Insulated Gate Bipolar Transistor (IGBT), which is a combination of 

MOSFET and transistor. Its input stage is MOSFET and the output stage is 

transistor. The following will be introduced in sequence. 

8-2-1 BJT Characteristic Measurement 

The structure of the transistor is much like a diode, but it has a more 

joint than the diode. As shown in figure 8-1, a thin P-type semiconductor is 

sandwiched between the N-type semiconductors, which is an NPN. The 

transistor is shown in figure 8-1(a); or a very thin N-type semiconductor is 

sandwiched between the P-type semiconductors, which is a PNP-type 

transistor, as shown in figure 8-1(b). In figure 8-1, the three-layer structure 

of the transistor is separately wired, each layer becomes a pin, which is 

called the base (Base, B) in the middle, and the emitters (Emitter, E) and 

collector on the other side. (Collector, C). The three-pin transistor's functions 

can be described as follows: (a) the emitter is emitted majority carrier. (b) 
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the base is to control the flow to the number of majority carriers of the 

collector. (c) the collector is to collect the majority carrier emitted by the 

emitter. The collector is the largest of the three regions; it must dissipate 

more heat than the emitter or base. The transistor has two junctions. One is 

between the emitter and the base, and other is between the base and the 

collector. Because of this the transistor is similar to two diodes, one emitter 

diode and the other collector base diode. 

The symbols of NPN and PNP transistors are shown in figure 8-2. 

Figure 8-2 (a) shows a Negative-Positive-Negative configuration, with the 

arrow which also defines the emitter terminal this time pointing outwards in 

the transistor symbol. The PNP transistor shown in figure 8-2 (b) has very 

similar characteristics to their NPN bipolar cousins, except that the polarities 

(or biasing) of the current and voltage directions are reversed.  

 

NN P
E

B

C E
PP N

B

C

(a) NPN type. (b) PNP type.
 

Figure 8-1 The structure of transistor. 

 

B

C

E

NPN
B

C

E

PNP

(a) NPN type. (b) PNP type.   

Figure 8-2 The symbol of transistor. 
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2N3904 is a low-power NPN transistor with the following 

characteristics: (a) Collector current ( CI ): A 0.2 . (b) Current gain ( feh ): 

300 (Max.) . (c) Collector-emitter saturation voltage (
CE(sat.)

V ): V2.0 . (d) 

Power consumption ( DP ): W5.1 . (5) Forward conducting voltage ( FV ): 

V65.0 . Figure 8-3 shows the pins map of the 2N3904.  

 

Base

(B)

Emitter

(E)

Collector

(C)

 

Figure 8-3 The pins map of the 2N3904. 

 

Figure 8-4 shows the transfer characteristic curve of the transistor. 

When the base-emitter voltage ( BEV ) is greater than the forward conducting 

voltage ( FV ), the transistor will be turned on; otherwise, when the 

base-emitter voltage ( BEV ) is less than the forward conducting voltage ( FV ), 

the transistor will be turned off.  

FV

BEV

CI

 

Figure 8-4 The transfer characteristic curve of the transistor. 
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Figure 8-5 shows the characteristic measurement circuit of the 

transistor. The base voltage ( BV ) can be changed by adjusting the variable 

resistor 1VR . When the base-emitter voltage ( BEV ) is greater than the 

forward conducting voltage ( FV ), the transistor will be turned on and output 

a positive voltage on the output terminal ( OV ), while the light-emitting 

diode ( 1LED ) is brightened due to conducting in the forward direction; on 

the contrary, when the base-emitter voltage is less than the forward 

conducting voltage, the transistor will be turned off so that there is no output 

voltage on the output terminal ( OV ), and the light-emitting diode ( 1LED ) 

does not illuminate because there is no current flowing. 

1R

+12 V

6.8 k

2 k

1LED

1VR

2R

1 k

1Q

2N3904

OV

 

Figure 8-5 The characteristic measurement circuit of the transistor. 
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8-2-2  BJT PWM Controlled Circuit 

Figure 8-6 shows the pin map of the 2N3055, which is a medium-power 

NPN transistor with the following characteristics: (a) Collector current ( CI ): 

A 10 (Max.) . (b) Current gain ( feh ): 100 (Max.) . (c) Collector-emitter 

saturation voltage (
(Sat.) CE

V ): V2.1 (Max.) . (d) Power consumption ( DP ): 

W75 (Max.) . (5) Forward conducting voltage ( FV ): V2~V5.1 .  

Base

(B)

Emitter

(E)
Collector

(C)
 

Figure 8-6 The pins map of the 2N3055. 

Figure 8-7 shows the circuit diagram of BJT PWM controlled circuit, 

which uses an op amp ( B:U1 ) to control the turn-on and turn-off of the 

transistor. The resistors of 1R , 2R , 3R , 4R , the capacitor 1C , and the 

operational amplifier ( A:U1 ) form a square wave generator. When the 

capacitor voltage ( 1CV ) is less than the voltage of the non-inverting input 

terminal, the operational amplifier A:U1  outputs a high voltage ( V12 ), 

which charges the capacitor 1C  through the resistor 4R  until the capacitor 

voltage ( 1CV ) is higher than the voltage of the non-inverting input terminal, 

then the op amp A:U1  will output a low voltage ( V0 ). The capacitor 1C  

is discharged through the resistor 4R . The capacitor 1C  is continuously 

charged and discharged, and its waveform is like a triangular wave. 
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The operational amplifier B:U1  is a comparator, which compares the 

voltage of the capacitor 1C  with the output voltage of the variable resistor 

1VR . When the voltage of the capacitor 1C  is higher than the output 

voltage of the variable resistor 1VR , the comparator outputs a high voltage 

( V12 ), which causes the transistor 1Q  to be turned on. The positive 

voltage is output at output terminal ( OV ), and the light-emitting diodes 

( 1LED  and 2LED ) are brightened due the forward conducting; on the 

contrary, when the voltage of the capacitor 1C  is less than the output 

voltage of the variable resistor 1VR , the comparator will output a low 

voltage ( V0 ), which causes the transistor to be turned off so that there is no 

output at output terminal ( OV ). At the same time, the light-emitting diodes 

( 1LED  and 2LED ) are extinguished due to no current flowing. By 

adjusting the variable resistor 1VR  to change the comparator's inverting 

input voltage, then we can change the ratio of the high voltage to the low 

voltage indirectly. The output waveforms diagram of the comparator ( B:U
1

) 

is shown in figure 8-8. 
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+12 V

100 k

1 k
1VR

1R

+12 V

OV

3

2
A:U1

5

6

11

4

+12 V

+12 V

B:U1

1

7

100 k
2R

10 k
3R

10 k
4R

2.2 nF
1C

1 k
5R

1 k

6R

2N3055

1Q

1LED

2LED

 

Figure 8-7  The circuit diagram of BJT PWM controlled circuit. 
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t

11 V

1 V

 V1

 V2

 Vc

 

(a) The output waveform of capacitor. 

t

The output waveform 

of the comparator 

at type  V1

 V7

The output waveform 

of the comparator 

at type V2

 

(b) The output waveform of comparator. 

Figure 8-8  The output waveforms of BJT PWM controlled circuit.
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8-2-3  BJT Full Bridge Circuit 

Figure 8-9 shows the circuit diagram of the 2N3055 full bridge circuit. 

The figure uses a two-color (red and green) LED to indicate the states of the 

controlled object, such as the forward or reverse of the stirrup, the 

temperature is over high heat or over low. 

When switch 1 ( 1SW ) is closed, the base voltages of 2Q  and 3Q  are 

greater than their forward conducting voltage ( FV ), so that both of 2Q  and 

3Q  are turned on, and the light-emitting diode ( 2LED ) lights up due to 

conducting in the forward direction; otherwise, when switch 2 ( 2SW ) is 

closed, the base voltages of 1Q  and 4Q  are greater than their forward 

conducting voltage ( FV ), so that both of 1Q  and 4Q  are turned on, and 

the light-emitting diode ( 1LED ) lights up due to conducting in the forward 

direction, too. When both of the switch 1 ( 1SW ) and switch 2 ( 2SW ) are 

open circuits, then all of the 1Q , 2Q , 3Q  and 4Q  will be open circuits, 

which causes both of the 1LED  and 2LED  does not illuminate because 

there is no current flowing. The resistor 3R  is a current limiting resistor 

whose function is to limit the current flowing through the LED to avoid LED 

burnout.  
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3Q

2N3055

+12 V

3R

1 k

1Q

2N3055

+12 V

4Q

2N3055

2Q

2N3055

1LED 2LED

VA

VB

+12 V

1SW

VB

VA

+12 V

2SW

1R

5 k

2R

10 k

5R

10 k

4R

5 k

 

Figure 8-9 The circuit diagram of the 2N3055 full bridge circuit. 
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8-2-4  IGBT Characteristic Measurement 

Insulated Gate Bipolar Transistor (IGBT) is a combination of MOSFET 

and bipolar transistor. Its characteristics are: (a) Low drive current. (b) High 

input resistance. (c) High output current. (d) Low on-resistance. 

Figure 8-10 (a) shows the pins map of the BUK854, which is a medium 

power IGBT component with the following characteristics: (a) Collector 

current ( CI ): A 15 (Max.) . (b) Collector-emitter voltage ( CEV ): 500 

(Max.) . (c) Collector-emitter saturation voltage (
CE(sat.)

V ): V2 (Max.) . (d) 

Power consumption ( DP ): W85 (Max.) . (5) Gate trigger voltage 

( )TO(GEV ): V5.5~V5.2 . Figure 8-10 (b) shows the symbol of the 

BUK854.  

 

Gate

(G)
Collector

(C)

Emitter

(E)

 

(a) The pins map of IGBT.    

Gate

(G)

Collector

(C)

Emitter

(E)
 

(b) The symbol of IGBT.   

Figure 8-10 BUK854 IGBT. 
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Figure 8-11 shows the characteristic measurement circuit of the 

transistor IGBT. The gate voltage ( GV ) can be changed by adjusting the 

variable resistor 1VR . When the gate voltage is greater than the gate trigger 

voltage ( )TO(GEV ), the IGBT will be turned on to make the output positive 

voltage on the output terminal ( OV ), while the light-emitting diode ( 1LED ) 

is brightened due to conducting in the forward direction; on the contrary, 

when the gate voltage ( GV ) is smaller than the gate trigger voltage 

( )TO(GEV ), the IGBT will be turned off so that there is no output voltage on 

the output terminal ( OV ), and the light-emitting diode ( 1LED ) does not 

illuminate because there is no current flowing. 

 

1R

+12 V

3 k

2 k

1LED

1VR

2R

1 k

1Q

BUK854

OV

 

Figure 8-11 The characteristic measurement circuit of the IGBT.  
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8-2-5  IGBT PWM Controlled Circuit 

Figure 8-12 (a) shows the circuit diagram of the IGBT PWM controlled 

circuit, which uses 555 to generate the PWM signal, which is used to control 

the brightness of the LED. Adjusting the variable resistor 1VR  in the figure 

8-12 (a) will cause the 555 to output different duty cycles without affecting 

the frequency of the output, so the LED will not flicker. For convenience of 

explanation, we simplify the variable resistor of figure 8-12 (a) into two 

resistors in series, as shown in Figure 7-8 (b), whose output frequency is: 

 

HT  (Charging time) 1RB11 C)DVRR(7.0 ++=  8-1 (a) 

RD : On-resistance of diode. 

LT  (Discharging time) 1A1R C)VRD(7.0 +=  8-1 (b) 

T  (Duty cycle) LH TT +=  

1R11LH C)D2VRR(7.0

1

TT

1

T

1
f

++
=

+
==  (8-1) 

 

It can be seen from equations 8-1 (a) and 8-1 (b) that by adjusting the 

variable resistor 1VR , the ratio of the output high voltage to the low voltage 

can be changed. However, it can be seen from equation (8-1) that the 

variable resistor cannot be adjusted regardless of the output frequency. 
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1VR

50 k

1C

100 nF 2C
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+12 V

1R
2 k

555

1D

1N4148

2D

1N

4148

3R

1 k
1Q

BUK854

+12 V

4R

1 k

5R

1 k

1LED

2LED

OV

2R

2 k

(a) The circuit diagram of the IGBT PWM controlled circuit.

1

3

2

6

4 8
7

5

1C

100 nF 2C

10 nF

+12 V

1R

2 k

555

1D

1N4148

2D

1N

4148

3R

1 k
1Q

BUK854

+12 V

4R

1 k

5R

1 k

1LED

2LED

OV

2R

2 k

A1VR B1VR

(b) Simplify the variable resistor  to two resistors of the figure 8-12 (a).

1VR

Figure 8-12 The circuit diagram of the IGBT PWM controlled circuit. 
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8-3 Experiment Items 

Experiment 1: BJT Characteristic Measurement 

1. Refer to the figure 8-5, or refer to the figure IEC8-1 on the module of 

ETEK IEC-2060-08.  

2. Use short connectors to let JP1 and JP2 be short. 

3. Select the DC voltage gear (DCV) of the multimeter, then adjust the 

variable resistor VR1 and let the output port (TP1) voltage of the 

variable resistor VR1 as 0 V. 

4. Select the DC voltage gear (DCV) of the multimeter to measure the 

output port (TP1) voltage of the variable resistor VR1, the collector (TP2) 

voltage and the emitter (O/P) voltage of the BJT. Record the measured 

results and the state of the LED in table 8-1. 

5. Let JP1 and JP2 be open. 

6. Select the DC current gear (DCA) of the first multimeter, then cross 

over two sides for JP1 (The red probe is placed on the left and the black 

probe is placed on the right of the JP1.) 

7. Select the DC current gear (DCA) of the second multimeter, then cross 

over two sides for JP2 (The red probe is placed on the top and the black 

probe is placed on the bottom of the JP2.) 

8. Record the measured results of the first multimeter and the second 

multimeter in Table 8-1. 

9. According to the input voltages shown in Table 8-1, repeat step 2 to step 

8, then record the measured results in table 8-1. 
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Experiment 2: BJT PWM Controlled Circuit 

1. Refer to the figure 8-7, or refer to the figure IEC8-2 on the module of 

ETEK IEC-2060-08. 

2. Use an oscilloscope to measure the waveform of the BJT’s emitter (O/P). 

Adjust the variable resistor VR1 and let the duty cycle be maximal. 

3. Use an oscilloscope to measure the waveforms at the inverting input 

port (TP1) of the first amplifier, output port (TP2) of the first amplifier, 

output port (TP3) of the second amplifier, and the output port (O/P) of  

BJT transistor. Record the measured results in table 8-2.  

4. What change have the states of 1LED  and 2LED ?  

 The states of 1LED  and 2LED :        (Both of ON or OFF). 

5. Use an oscilloscope to measure the waveform of the BJT’s emitter (O/P). 

Adjust the variable resistor VR1 and let the duty cycle be minimal. 

Repeat step 3 and record the measured results in table 8-3. 

6. What change have the states of 1LED  and 2LED ?  

 The states of 1LED  and 2LED :        (Both of ON or OFF). 
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Experiment 3: BJT Full Bridge Circuit 

1. Refer to the figure 8-9, or refer to the figure IEC8-3 on the module of 

ETEK IEC-2060-08. 

2. Select the DC voltage gear (DCV) of the multimeter to measure the 

emitter (TP1) voltage of the BJT ( 1Q ), the emitter (TP2) voltage of the 

BJT ( 3Q ). Record the above measured results and the state of the 

light-emitting diode as below.  

 1TPV =       V. 2TPV =       V. 

 The state of the LED:        (red, green, or OFF). 

3. Press the button switch 1 ( 1SW ). Repeat step 2 and record the above 

measured results and the state of the light-emitting diode as below. 

 1TPV =       V. 2TPV =       V. 

 The state of the LED:        (red, green, or OFF). 

4. Press the button switch 2 ( 2SW ). Repeat step 2 and record the above 

measured results and the state of the light-emitting diode as below. 

 1TPV =       V. 2TPV =       V. 

 The state of the LED:        (red, green, or OFF). 
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Experiment 4: IGBT Characteristic Measurement 

1. Refer to the figure 8-11, or refer to the figure IEC8-4 on the module of 

ETEK IEC-2060-08. 

2. Use short connectors to let JP1 and JP2 be short. 

3. Select the DC voltage gear (DCV) of the multimeter, then adjust the 

variable resistor VR1 and let the output port (TP1) voltage of the 

variable resistor VR1 as 0 V. 

4. Select the DC voltage gear (DCV) of the multimeter to measure the 

output port (TP1) voltage of the variable resistor VR1, the collector (TP2) 

voltage and the emitter (O/P) voltage of the IGBT. Record the measured 

results and the state of the LED in table 8-4. 

5. Let JP1 and JP2 be open. 

6. Select the DC current gear (DCA) of the first multimeter, then cross 

over two sides for JP1 (The red probe is placed on the left and the black 

probe is placed on the right of the JP1.) 

7. Select the DC current gear (DCA) of the second multimeter, then cross 

over two sides for JP2 (The red probe is placed on the top and the black 

probe is placed on the bottom of the JP2.) 

8. Record the measured results of the first multimeter and the second 

multimeter in Table 8-4. 

9. According to the input voltages shown in Table 8-4, repeat step 2 to step 

8, then record the measured results in table 8-4. 
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Experiment 5: IGBT PWM Controlled Circuit 

1. Refer to the figure 8-12 (a), or refer to the figure IEC8-5 on the module 

of ETEK IEC-2060-08. 

2. Use an oscilloscope to measure the waveform of the IC 555’s output 

port (TP2). Adjust the variable resistor VR1 and let the duty cycle be 

maximal. 

3. Use an oscilloscope to measure the waveform of the IC 555’s trigger 

port (TP1), IC 555’s output port (TP2), and IGBT’s emitter (O/P). 

Record all above measured results in table 8-5. 

4. What change have the states of 1LED  and 2LED ?  

 The states of 1LED  and 2LED :        (Both of ON or OFF). 

5. Use an oscilloscope to measure the waveform of the IC 555’s output 

port (TP2). Adjust the variable resistor VR1 and let the duty cycle be 

minimal. Repeat step 3 and record all above measured results in table 

8-6. 

6. What change have the states of 1LED  and 2LED ?  

 The states of 1LED  and 2LED :        (Both of ON or OFF). 
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8-4 Experimental Results 

Table 8-1  The measured results of the BJT characteristic measurement. 

The voltage of TP1 0 V 0.5 V 1 V 1.5 V 2 V 3 V 4 V 

The voltage of TP2        

The voltage of O/P        

The current of base        

The current of collector        

The state of the LED        
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Table 8-2  The measured results of the BJT PWM controlled circuit. 

(Let the duty cycle be maximal.) 

TP1 TP2 

  

TP3 O/P 
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Table 8-3  The measured results of the BJT PWM controlled circuit. 

(Let the duty cycle be minimal.) 

TP1 TP2 

  

TP3 O/P 
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Table 8-4  The measured results of the IGBT characteristic measurement. 

The voltage of TP1 0 V 2 V 3 V 4 V 5 V 6 V 

The voltage of TP2       

The voltage of O/P       

The current of gate       

The current of collector       

The state of the LED        
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Table 8-5  The measured results of the IGBT PWM controlled circuit. 

(Let the duty cycle be maximal.) 

TP1 TP2 

  

O/P 
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Table 8-6  The measured results of the IGBT PWM controlled circuit. 

(Let the duty cycle be minimal.) 

TP1 TP2 

  

O/P 
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Chapter 8: BJT and IGBT Application Circuits 

Table 8-1  The measured results of the BJT characteristic measurement. 

The voltage of TP1 0 V 0.5 V 1 V 1.5 V 2 V 3 V 4 V 

The voltage of TP2 10.5 V 10.5 V 10.5 V 10 V 10 V 10 V 10 V 

The voltage of O/P 0 V 0 V 0.38V 0.87 V 1.35 V 2.31 V 3.32 V 

The current of base 0 mA 0 mA 1 A 3 A 5 A 10 A 14 A 

The current of 

collector 
0 mA 0 mA 

0.37 

mA 

0.85 

mA 

1.32 

mA 

2.27 

mA 

3.27 

mA 

The state of the LED OFF OFF OFF ON ON ON ON 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

4-29 

 

Education Trainer for Electronic Circuits by ETEK Technology Company 

 

Table 8-2  The measured results of the BJT PWM controlled circuit. 

(Let the duty cycle be maximal.) 

TP1 TP2 

  

TP3 O/P 
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Table 8-3  The measured results of the BJT PWM controlled circuit. 

(Let the duty cycle be minimal.) 

TP1 TP2 

  

TP3 O/P 
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Table 8-4  The measured results of the IGBT characteristic measurement. 

The voltage of TP1 0 V 2 V 3 V 4 V 5 V 6 V 

The voltage of TP2 10.5 V 10.5 V 10.5 V 10.5 V 10 V 10 V 

The voltage of O/P 0 V 0 V 0 V 0.1 V 0.79 V 1.69 V 

The current of gate 0 A 0 A 0 A 0 A 0 A 0 A 

The current of 

collector 
0 mA 0 mA 0 mA 0.1 mA 0.78 mA 1.68 mA 

The state of the LED  OFF OFF OFF OFF ON ON 
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Table 8-5  The measured results of the IGBT PWM controlled circuit. 

(Let the duty cycle be maximal.) 

TP1 TP2 

  

O/P 
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Table 8-6  The measured results of the IGBT PWM controlled circuit. 

(Let the duty cycle be minimal.) 

TP1 TP2 

  

O/P 

 

 

 

 

 


