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Absfmrf . Identification of fault current during the operation 
of a power semiconductor switch and activation of suitable 
remedial adions are imporlaot for reliable operation of the 
power converter including the power semiconductor device. A 
short circuit is a basic and Severe fault situation in a circuit 
structure such as voltage source converter. This paper presents 
a new .dive protection circuit for fast and precise clamping of 
fault currents and safe shutdown of the IGBTs. This circuit 
allow operation of the IGBTs with a higher on-state gate 
vdtage, which can Ihcreby reduce Ihe canductlon lau In h e  
device ri lhuut compromising the short circuit protection 
characteristics. Tbe operation of Ihe circuit is studied under 
various conditions, considering variation of temperature, the 
rising rate of fault current, gate voltage value, and circuit 
parameters. A study of the operation of the circuit is made 
using IGBTs from different mnnufacturen to confirm the 
rllretvenar of the protection circuit. 

I& r- - Fault current, Fault inductance, FUL, HSF, 
Roteetion. 

1. INTRODUCTION 

Short circuit and over-current are severe fault conditions 

action is not taken within short time of the order of a few 
microsecoods. It has bccn shown in [ I ]  that the failure 
mechanism caused by short circuit is different from inductive 
m-off failure case. Short circuit results in local heating 
closer to the gate oxide in the IGBT and can severely degrade 
the device. Several methods of protection are available by the 
usc of intelligent power modules and advanced gate driver 
chips [2]-[4]. However, there arc no benchmarks for the 
performance these circuits. 

Various approaches have bccn proposed and studied to 
protect IGBTs in [5]-[12]. Different topologies have been 
investigated for fault current limiting circuits (FCLCs) in [ 5 ] ,  
161. The technique used in [51, which utilizes a capacitor to 
limit fault currents, has the limitation that the device may be 
shut off and turned back on again depending on the initial 
condition of the capacitor and its value. Also, a large value of 
capzitance is necessary to prevent the capacitor voltage from 
drifting back to the normal on-state gate voltage. Multiple 

that can result in failure of the IOBT if appropriate rcmcdial 
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stages of clamping were proposed in (51 to increase the 
endurance time and reduce the turn-off current level. A pure 
zener based clamp has the drawback that the clamping voltage 
can be much larger under the tronsient conditions of the fault. 
Reference [6] discusses a topology where the zener and 
capacitive method is used to limit fault currents. This circuit 
is effective in eventually clamping the fault current level but 
does not limit the large peak current that flows immediately 
after the fault due to delay in its operation. References [71- 
[ 121 discuss methods to softly turn off the IGBT after the fault 
and to reduce the over-voltage due to the turn-off dildt. This 
feature is to control the over-voltage caused by the parasitic 
inductance of the power circuit while turning off a large 
cumnt.  

This paper focuses on the following study issues for active 
protection of fault current for IGBT modules: 

Use of a large on-state gate voltage to reduce 
conduction losses makes the fault situation more 
problematic and dangerous, because it leads to very high 
fault current. Tlis results in very large instantanews 
power dissipation 1131 and the possibility of latching in 
the device. Therefore. there is a trade-off between the 
short circuit current magnitude and conduction loss; 
Recise detection of fault current levels is a challenging 
issue if current sensors are not used in series with che 
IGBTs. In particular, in case of soft fault (large fault 
inductance), it is very difficult to precisely recognize the 
over-current condition using the de-saturation technique 
which is the general melhod used to detcct fault current. 
This is due to the reduced voltage drop in the lGBT 
under low dddt conditions as well as the slow dynamics 
in the electronic components in the detection circuit; 
Fast detection and reliable handling of fault currents are 
important study issues. .Ihe initial value of short currenl 
is the highest due to the increased gate voltage caused 
by the Miller capacitance. It is not easy to mitigate the 
initial psak currcnt. bcsausc activation of protection 
circuit should be prevenfed under transient conditions 
such as IGBTs' turn-on and turn-off, and switching 
noise: 














