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Introduction

Insulated Gate Bipolar Transistor (IGBT) is a compact, ready to use experimenalt
board. This is useful for students for the study of the characteristics of IGBT and to
understand its different operating regions. It can be used as a stand alone unit with
external DC power supply.



ST2701

Scientech Technologies Pvt. Ltd. 5

Theory
The insulated gate bipolar transistor (IGBT) combines the positive attributes of BJTs
and MOSFETs. BJTs have lower conduction losses in the ‘On’-state, especially in
devices with larger blocking voltages, but have longer switching times, especially at
turn-‘Off’ while MOSFETs can be turned on and off much faster, but their on-state
conduction losses are larger, especially in devices rated for higher blocking voltages.
Hence, IGBTs have lower on-state voltage drop with high blocking voltage
capabilities in addition to fast switching speeds and has become the most favored
power device in Industrial application.

Figure 1

The vertical cross sectional structure of an IGBT is shown in Figure 1 having four
alternate p-n-p-n layers with three terminals Emitter, Collector and Gate. A heavily
doped p+ substrate has a lightly doped n-type drift region grown on to it by epitaxial
process. Then the p-type emitter is diffused with two subsequent n-type layers over
doping windows. Two silicon dioxide layers are then deposited, and deposition of the
metal forms an interconnected gate as shown in Figure 2
The performance of an IGBT is closer to that of a BJT rather than a MOSFET. The
circuit symbol of an IGBT are shown in the below Figure 2. When the gate is positive
with respect to the emitter and this voltage is beyond the threshold value, an n-
channel is induced in the p-region of a MOSFET. These charge carriers forward bias
the base-emitter junction of the p-n-p transistor and holes are injected into the n-type
drift region.
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(a) Equivalent Circuit (b) Circuit Symbol of IGBT
Figure 2

These injected holes cross the reverse biased collector junction of the p-n-p transistor
and constitute the collector current. This collector current is the base current for the n-
p-n transistor, which is properly biased in the active region. This amplifying collector
current flows from the n-p-n transistor to the base of the p-n-p transistor, hence a
positive feedback exits and the device turns ON.

Basic circuit
Figure 3

When a positive voltage is applied to the collector terminal with the gate short
circuited (VGE = 0) to the emitter terminal, the upper junction (J2) becomes reverse
biased and the device operates in forward blocking mode i.e. there is no current flow
between collector and emitter. If we set a positive voltage to VGE & VCE then a current
(Ic) will flow in collector terminal. For a value less then the threshold level the
collector current of an IGBT is 0mA.If we hold VGE constant and increasing the VCE
then Ic will reach a saturation level. So with increase in VCE and keeping the VGE to
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the threshold value the collector current (Ic) will reach the saturation level. Further
increase in Gate voltage the value of collector current will increase. The V-I
characteristics of the IGBT is given below.

Output V-I Characteristics of IGBT
Figure 4
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Experiment
Objective :
Study of the characteristics of IGBT
Equipments Needed :
1. Power Electronics board ST2701.
2. Digital Multi-meter.

3. 2 mm patch cords.

Circuit diagram :
Circuit used to plot the characteristics of an IGBT is shown in Figure 5.

Figure 5
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Procedure :
1. Rotate the potentiometer ‘P1’ fully in clockwise direction and ‘P2’ fully in

counter clockwise direction.
2. Connect Ammeter between point d and e to measure collector current Ic (mA).

3. Connect a 2mm patch cord between point ‘a’ and ‘b’.
4. Connect voltmeter between point c and ground to measure the Gate voltage VGE

and between point f and ground.
5. Switch ‘On’ the power supply.

6. Vary the potentiometer ‘P1’ in counterclockwise direction to set the gate voltage
VGE (between 4.8V and 5.6V).

7. Vary the potentiometer ‘P2’ in clockwise direction so as to increase the value of
collector-emitter voltage VCE from 0 to 35V in step and measure the
corresponding values of collector current Ic for different constant value of gate
voltage VGE in an Observation Table 1.

8. Rotate the potentiometer ‘P2’ fully in the counterclockwise direction and
potentiometer ‘P1’ fully in clockwise direction.

9. Repeat the procedure from step 6 for different sets of gate voltage VGE.

10. Plot a curve between collector-emitter voltage current (VCE) and Collector
current Ic using suitable scale with the help of observation Table 1. This curve is
the required collector characteristic.
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Observation Table 1 :

S.No.
Collector
Voltage

VCE

Collector Current Ic (mA) at constant value of
Gate Voltage VGE (volt)

VGE = V VGE = V VGE = V

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.
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Data Sheet
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