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The SPE (Vadodara Chapter) is a group of more than 1000 Engineers 
hailing from the organizations like G.E.B., G.S.F.C.. G.I.P.C.L., O.N.G.C., 
Irrigation department, ERDA, ABB, Jyotj, Alembic, M. S, University, B.H.E.L., L 
& T Consulting firms etc. Many Individuals have also registered themselves 
as members. Some industrial units have also Joined as Institutional members. 
The following are the mam activities of the chapter.

1. To conduct seminars, workshops & short term eo«rses

2. To give platform to manufacturers for technical 
presentation of their products.

3. To arrange study tours.

4. To provide guidance to Engineering students.

iv.

5. To■ distribute the priced publication of CBtP. HEW Delhi

6. To Promote research work and rewarding the same

7. To maintain bio-data of Expert members.
3i To render helping hand to utilities m crisis / Disaster / 

(Earth quake, flood, cyclone etc.}
' £h ' To progagate Energy conservation techniques.

f Oir - Pub Sica tian of news magazines.
‘.-fij. Yo.gffer guidance to individual in 'day to day Engineering
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SINGLE PHASE'PWM RECTIFIER.FOR PGWERFACTOR
CORRECTION

KHODIDAS GHINAIYA and HINA CHANDWAN1 
Electrical Engineering Dbpprirneotir 

M. S. University of Baroda s
VADODARA,' INDIA;, > 5

r£jf

■ >4?

Abstract

The Poiential of PWM self commutated voltage source converters in the arejLof AC to DC power?!! 
conversion has been. well established, these converters offer unity power factor operation while ;f!| 
delivering near sinusoidal current and reduced inpt^dutput.filter size. Tvyo mostly used jburrenti;j| 
controlled strategies employed to contrpi the power flOw'ih'a PWM rectifier are indirect current control Sijj 
(ICC) and hysteresis current control (HfcfC). HCC technique ip Studied herd for its'simplicity and aisoSig 
due to its suitability in low to medium power ^applications. This paper presents hysteresis current;!'! 
control (HCC) in detail. The study and performance evaluation are made iisirig MAtLab~SIMULIN8!;;| 
(Sim Power System). !?-|
Introduction iijj

Line commutated thyristor converters have been widely used for the AC/DC for a number of yeafS ?j| 
though they have serious disadvantages like ,J|
(i) Nbn-sinusoidai currents, rich in lowP'r order harmonics, drawn from the supply lines,
<ii). Poor Operational pov/er factor, especially, at large firing angles, and " ' : 7*!§
(iii) Low frequency harmonics or rippSe.ln the output dc voltage. .

The PWM converter designs with forded'commutated'thyristor converters ''eOPId'bvereoiPe'theS|;|| 
disadvantages, 3;]ovv%ver, owing to i!1'e''bujkiness, tosses in .the commutation eireuitry: antf cornpiexilgj 
of contra! the; forced commutafed thyristor dahvehers could noV‘be ’usedHeffectiveljr?'Witli.!tHe;!;s 
introduction of seif commutated devices tike powpr transistors, MOSpET^^Snd :<3TC5's, the PW® ai| 
converter designs got simplified considerably! As such,:thfere is a distinct possIbiBty tHat fhe’ PWM'sejLJI 
commutated converters will replace the classical line commutated converters in the near future.

The PWM self commutated converters have two categories, viz., voltage source converters (VSCsp|| 
and current source converters , (GSGs), Both,, have-? the primary, advantages... of -delivering neaf;§| 
sinusoidal input currents at unity power factor and d-3fi6 * .Ij
power angle range.' ", ’ , , j7!3j

In. this report discussion is restricted tp ySCs, the recent pasthas shown considerable amount of work , 
being published. The switching decides,’Such as" pOWer trShStstors or MCJSFETs; usid by the-VS<Ss|;| 
have low current ratings but higher Swrtchirig frequency ratings as compared to GTOs. Thus they cari:!!| 
serve tow to medium power applications while the GTOs are more suitable in high>power appiicationsKaj

Basic configuration.

The basic configuration used by single phase bi-directional VSC’s are shown in fig. 1.1 along witifeg 
operating mode in fig 1.2. The switching devices S, to Sa in fig. 1.1 generate a voltage Van betweei@pL 
the terminals 'a’ and *n’. Typical Van voltage patterns are shown in fig 1.3 for converter. Van is three/j|j 
level waveform for full bridge i.e [0 +VpC. 0 -VDC]. * ”

.if
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Fig 1.1 Basic configuration

Fig 1.2 Operating mode.
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Fig 1.1 Basic configuration

. <FOWEBIHK3)-.

Fig 1.2 Operating mode.

Fig 1.3
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Fig 1.4
(a) Typical Inpul Current waveform in one switching cycle, .
(b) Instantaneous current, and.local average at upper do link. -j
(c) instantaneous currents and local average at lo-wer do link. . '

In order to understand the design aspect .of VSCs, it ;is necessary to evaluate DC link current do '5 
converters. These are evaluate based on “LOealtaverage".criterian.’suggested In [1 ]. „V »•'

Analysis method of local average for Full-bridge

DC link currents , Aj

Consider fig. 1.2 corresponding to the on and off mode operation fpovyering) of Sg, a typical switchingK ; 
waveform-of the input current T is shown in fig 1.4. The current is Considered to be controlled in'to^ 
current window Alt, using HCC technique. The reference current is In = lm sin(wt + o). The currephf-f 
rises in the on time At, to reach the upper limit of the window, while fails in the off time At2 to reach the 
lower limit of the window. It is assumed that At,+At8 is so brief that In is Substantially constant. , ;; £

It is proposed here that each pulse train be characterized by a local average, the time Span of tbeS.I 
average being At,+At2. / -
From fig 1.4a the local average of the on time current lon defined as, ?f3

f Idt
j _ j _._o____ 1R • At,

00 ‘ At, + At, At, 4-Ai,

while the instantaneous value of I, is 
J, = 0 in the time span At,
1, = I in the time span Ah.
Likewise, a local average for T 2 (1 off) and it is evaluated as,

-1 „ ’ z- 
At, + At,

V'~i
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The "Local averages" are illustrated in Figs. 1,4b and 1.4c for full bridge configuration. 

Switching times

During the positive cycle of Input supply (Vs), in fig 1.2 when switch S2 is on.

At, -- —' A1»
Va

■ When S2 is OFF,

At
''"'dc — Vs

Thus,

When switching rates are very fast, one can make Alh —» 0, (At, -r-.At*) —* 0, and I—» l„. in this ideal 
situation, one can treat the local averages !, and la as the continuous time function.

Substituting,
Vs = VTO sin(wt)
And Is = lm sin{wt+0)

<t _ v„, • Im ’ (cos <j>~cos(2wt + <f>))
■ ' 11 '■ -h™™™.. '...........

Where,
Vm = Peak of the input voltage *VS’
!m = peak of the reference current Ir 
a = operating power factor angle selected 
Voc = output DC voltage

For the unity power factor operation i.e. for 0 =0,

I, =-I, vm (l-cos(2wt) 
2 • V,„.

For the full bridge VSC for unity power factor,

^.^(l-cosCSwt))
instantaneous input ac power = Vs • Is - 

and

Instantaneous output dc power = Vlx: • I,

2-Vn

Vre.-Im(j-cos(2wt» 
2 • V,,,.

Last two equation shows that the instantaneous ac and dc powers are equal. 
Further,

' V -I
Average input ac power = —52—— , and

Average output dc power * V.x ■ Ioc 
Comparing iast two equations.
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V--Ii
2'V!X.

So for the full bridge VSC

_i -1 m.‘DC «vm -lm -cos(2wt)
2-V,DC

The above equation shows that the DC link currents of the full bridge VSC have a second harmonic :| 
component riding on the average output direct current ioc. |

Control strategy, .

unit.sinewave generator

voltage control loop

Fig 1.5 Block diagram of control strategy

Fig 1.6 Controi Slccfe diagram of reference current generator
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rAs shown in fig 1.6 apart from the micro-controfler; a!) other; par| are implemented with analog and 
digital circuit. Micro-controller used here is of 8-bit and it serves two function i) it Stores pattern of sine 

; wave in it's program memory which is used to generate unit sine wave and ii) it provides initial startup 
^control of converter along with different protection such as over voltage, over current etc.

Detail of prototype.
/Devices used in the prototype are given beiow.

L = 2mH, 60Amp.
Coui = 3300.11F/450VDC , two such capacitor are in parallel 
IG8T used is BSM 150 GB 1200 - 1200V/210A (Tc=25<>C).
THYRISTOR used is IXYS MCC 56-16 io1 B itrms - 100A and ifaym 

: Input Filter used to remove high frequency ripple in.supply currehf.

Is = 500pH / 150A 
; and Cs = l5pF/370V @ 50/60HZ.

Converter performance is checked for resistive as well as Inverter toad.
Result of resistive load is given below.

Current sensor after LC filter.
' ft is Hal-etfeci sensor with ratio of 90A/4V. 

t.e. 1A represented by 44.44mV

63A.

a) Input current and voltage on control side
b) Input current waveform

73

Channel 1: 44.44mV=1 A.
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a) Input current full cycle In controlled condition.
b) DC link voltage ripple.

Conclusion.
This paper deals with use of present day self — commutated devices (particularly IGBT) for power 
converter applications. The converter topology and its control strategy is executed for Power Factor 
Correction for UPS application. The control system is realized with analog and digital approach. While 
the analog section is used for PI loop implementation and gating signal generation, 8-bit 
Microcontroller is used to store the sine wave pattern and to provide different protection.
Prototype developed gives a good result with constant DC link voltage and near unity power factor 
with near sinusoidal line current.
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Abstract
With increased use of four quadrant of insulated Gate Bi-polar?
Transistor (IGBT) has also increased rapidly. IGfjT has become'room ppjiular; because ease of tum-orj and? 
turn-off, tow gate power, higher switching frequencies (15 kHz), good voltage capabilities (3300V), and current? 
ratings (1800A). Though IGBT has better control characteristics compared to Thyristor or Gate Turn-off? 
Thyristor (GTO), essentially it has poor lat rating. Thus the.IQBT needs a. very fast acting gate'driver to sense? 
voltage across its collector and emitter and turn-off'the device if it is rising fast due to a short circuit condition^ 
current flowing through it. If the gate driver cannot act within 8 to 12 microseconds, the IGBT is likely to get? 
damaged. N"

The gate driver for IGBT hence is an important element in the design of power converters using iGBTs,. 
operation and protection. The paper describes gate driver for 2Q0A, 1400V Fuji make IGBT, responses of ifid? 
driver for normal and short circuit conditions, the protection circuit Implementation, and presents ths| 
experimental results for the responses. Similar results for 225 A„ 1.700V ABB make IGBT also are presented: ' 
The test conditions are maintained close to what the converters utilizing, these IGBTs are likeiy to experience, 
as it is the only way to ensure ihat the gate driver and.the protections will work correctly in reality when the? 
converter operates in actual conditions. ?

The paper is intended to provide an insight in understanding the gate driver, its functions, correlation 
of the short circuit conditions with operation of the gate driver, and finally making the driver operate 
with necessary and realistic conditions, it can also be said that' the properly designed gate drive 
electronics can optimally reduce the switching losses of IGBT and hence can contribute to energy 
saving.

I. Introduction
Solid-state ac to dc power conversion of electric power is widely used in adjustable speed drives; 
switch mode power supplies, uninterrupted power supplies, HVDC transmission, and traction.
The power converters make use of power stack assemblies of uncontrolled / controlled semiconductor 
devices. The controlled power devices could be Thyristor, Gate Turn-off Thyristor (GTO), power 
MOSFET, or Insulated Gate Bi-polar Transistor (IGBT), when we consider present scenario of 
commercial available devices. While thyristor is a force-commutated device, the other three are self-, 
commutated devices. The gate drivers for these power devices form the integral and necessary part* 
of entire converter design.
It is necessary to see that the gate drivers are properly designed to take care of normal as well as. 
abnormal conditions, like short circuit conditions when large current is likely to flow through .the 
device. Since the lzt rating, especially for power MOSFET and IGBT are ,quite low'as compared to 
thyristor or GTO, high-speed semi-conductor fuses cannot protect these deyjces.'Yhus §afe driver has 
to turn-off the device within microseconds (8 to 12//s) arid hence the dpsigp^the gaiedriyerforms a. 
very important aspect of the power converters usingi these devices. Having made a design for the 
gate driver, it is also essential: to test ii with'the'actual tornra^tore^i^||Ni.Aeces^^'Siprt circuit- 
and observing,the response of the gate drive) If the actual converter Is not available, it is: necessary... 
to create short circuit conditions close to what converter might be 'acmg in reality arid then test the, 

“Ygate drivei in such conditions jf]. r?'?.:'.Y. ' . . .

1 §J 8

!»fi|j;|gg
IS;*®
r'£‘hf

L&s'Ci&XS.
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used in power converters with 240V single-phase and 415V three-phase applications for reactive 
power compensation, While the S'ngle phase converter operates with 600V DC bus voltage and 
1 5kHz switching fiequency, the three phase converter operates with 850V DC bus voltage ahd 3kH2 
switching freauency Gate driver design, actual short circuit pheiiomehon, 
protection are explained in detail and experimental results are presented with necessary explanation 
for proper performance of the driver and ihe IGBT. ; <

11. Gatedriverequirernents for IGBT

; Isolation ' "

in genera! gate driver for all IGBTs in a converter must’be isolated frorfi ebrth, control electronics and 
from each other. Minimum recommended isolation is 2.5kV for one rrtjhute for 415V systems: •

Gate resistance Rge

The lower the gate resistance the lower wili be the turn-on and turn-off times. This will mean faster 
switehingon and off of the’switch and lower switching losses, But/faster the turd; off;the higher Will be 
turn off over voltage generated, due to associated leakage and wiringThductances. Further, if the gate 
resistance is low; there will be a momentary high current pulse drawh by the IGBT gate.
It is hence essential to have two separate resistors, one for forward driving of the gate and one for 
reverse biasing it. The forward resistor needs to be low for the last turn on. The reverse resistor 
should be of higher'value than the forward resistor so as to reduce the unwarranted voltage 
overshoots.

implication of gate emitter voltage and requirement of bipolar voltage . T

A positive gate voltage above the threshold value is required to turn on the device. The: lowen.the 
gate- emitter voltage (Vge), the higher is the Vee (sat) (collector-emitter voltage) andthe on state 
power dissipation, fgrjower Vge>;: the short 'circuit with stand probaibjljty Is' HlgheffA negativeT/ge is ' 
required to fedupetheprobability of,unwanted turn-ph Qftfib dewdfe.. This ,>yi!|alsp-reduce'the turh'-off 
switching time, which will mean fast switching action and less switching poWer dissipation.

Gver current protection , ,-y . ■=, ,

An IGBT can get subjected tq.over current situations. These conditions coujd be as betew. . ,
• IGBT may have to carry ,excessive current than 'rated.because of the sudden increase in 

load current ft ' ' . .....
» Simu|farieouS turn on Of the twdseries devices in one-armpftheconverter resultinginishort 

■Circuit of the dc biis arid aildwih§ Uiie ac bub capacitors to discharge through them 
’ * Thsulafibn'bVeakdown^dUe'to Sihgiecr dbUBte earth fault ' ' ~

ToTermihate the dver curreht Wpkllyi'the tUfh-off must be;very fast.with due consideration for the over 
voltage issue. A separate sensing for darth fault is required to save the device.

Drive-power calculations • , -•

Drive power is calculated as follows.
Drive power = (1/T) J { y*i dtj 

, To. be integrated from 0 to T , : ,
. Voltage * v ’ is different fpr (urn, onand turn off - 
Drive power = Fs[ Vge*Och + {-Vge)‘ Qch]

Vge = The turn on gate emitter voltage 
-Vge= The turn off gate emitter voltage 
Fs = Switching frequency

Sir
l i 7
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Qch can be obtained for the given Vge i.e.,,for .the, given turn-on gate-emitter voltage from 
manufacturers data curves. ,, : - fifr- -

Blanking time • s?.
In case of converters, where Ivvo IGBTs are in series for one leg of the converter, it is necessary D 
provide some blanking time'between the turn-off of one device and fufn-on of other device to .in I - 
direct short circuit across the DC bus. ;&MaS

Circuit layout considerations
The length of the wires used white manufacturing of IGBT stack assembly (device modules, snubucr .1 
circuits, dc capacitors, heatsink, blower in. case,of force.cooling, temperature sensor, bus bars and ” ~ 
insulation) dictates total dc loop leakage inductance. It is,necessary that this inductance is rmiirrii.i 
Higher inductance increase overshoot in voltage across the device when it turns off.

ill. Gate drive details for Fuji JGBT S %:>

u ■The 200A, 1400V Fuji IGBT requires the gat© driving voltage +15V/ -5V, Fuji IGBT module contains 2 
IGBTs in one package. The block diagram in fig.-1 gives overall features of the gate drive card for the 
IGBT module. The gate drive card posses two channels for lhe two IGBTs. The control electronics 
supplying the pulses to the IGBT module uses following power supplies for the two gate drivey'lS* 
channels. ».

*' ■Tf’ 'd ’
. "C+ 12V 

-12V
• Signal ground (SG)
» ■ 0 (zero ground)

Signal ground and zero ground are shorted externally and hence can be assumed same for all 
practical purposes;
IGBT is driven by an hybrid driver 1C which produces the rated Vge at its outputs; Various different 
hybntf driver ifcs are, available, like EXB840, EXB841, EXB850, and EXB851 from the manufacturer.
The seiebtion of the hybrid Id. is b'aSbd. upon the rated voltage. rated current, and the operating , 
frequency of the IGBT fo be driven. The hybrid driver 1C selected for the Ftiji device Is EXB841. T l
Fig 2 shows the block diagram of a single channel of-the-gate drive (GD) card. Hybrid IG; EX8 P1I, 
uses an isolated supply of 20V. It converts the dc supply voltage at a required Vge level at ils outpui ';
(+15V for turn ori and -5V for turn off). . Each channel also consist of opto-coupler with high isolation '
voltage 250QV for one minute to isolate power,side from electronic control circuit. *

During normal operation, the PWM pulses are given, at the control inputs of the respective channels. j f**~ 
These are transferred to. the, hybrid IG through, comparator stages, with each comparator stage ,, 
contributing almost 0.5ps of delay. Hybrid IG itself contributes O.Sjis delay lor pulse transmission. £ 
Tbus.the overall: deiay between PWM puisejat the control input and the; guide appedrihg.af the gate 
emitter terminals of the !GBT is approximately.3-4ps. Since this is for all the JGBT’s of the tnree- ?r 
phase converter, a certain degree of synchronization gets maintained amongst all the IGBTs Figure 
3 gives the pulse waveform.
Normally, blanking time of 10 to 12jts is sufficient to avoid direct short of IGBTs in same leg and s * • 
achieved by using an RC network, which delays the pulse for the incoming IGBT. Refer fig. 4 for this 
delay understanding. )§g
A micro-controller controls the overall operating sequence and PWM pulse pattern for the IGBTs. The 
gate drive incorporates the function of protection against over current by sensing the- over current m
IGBT through the hybrid driver IC. :?88®§!
The over current condition can occur for very short. Thus it needs to be latched for some time k' th-
_________-. L___L___ff___A _ _______ix.________l_________l _ _ _____. -A ------------1. wmicro-controtter to sense it and execute a proper shut down procedure for the given converter. The | * 
latch circuit latches this signai (that symbolizes over current condition sensed) for few milliseconds ' m 
giving sufficient time for the micro-controller to accept information and execute the shut down ' V' 
procedure, and then it is de-iatched by a de-Saiching circuit. ‘

A comparator stage has been configured in each channel which compares the voltage coming Iron * I*, - the control input, the voltage produced by the Hybrid IC and opio-isolator when short circuit is serilea.'!l||fc^fep 
and voltage putse from Latch-de-latch circuit and gives a ‘HOLD’ command for the gate drives. The r'*

II S'
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latter two pulses are zero during normal operation. Mehce 
.'emitter as Vge. *' ' ' ■

IV. Operation of the gate driver during over current s
^Hybrid driver 1C in gale drive incorporates over-current sensing apdtitrbteetion.cfcuit.^nidyepcurce.nt 
^detected according to the relationship between the drive
5(a) and .(b). Fig 5(a) shows a logical AND gating ofthe voltage: sensed .across ggijeetbr-emitter:and 

.guise delivered: When.; pulse js delivered and Vce -voltage; generated,
vindicating the short circuitcondition. * < •.
The instant when thb'puise is delivered, Vc^ voltage falls TbjierS^suddbb-hi^hJcuheht Begins do 
flow through the device when short circuit occurs arid the voitage Vce siartb ihcredsjrtg’as^shdyi/n in 
Rg. 5(b). When this rising current reaches a value which corresponds to Vce is .7^89, thb AND; gate 
logic of the hybrid 1C operates and the trip command isgeherated-af its pinna 6. This, is shown in Fig

Pin 5 of the hybrid !C turns, on the opto-isolator stage which provides a soft cut off signal to the 
comparator stage in gate drive: card which stops the PWM' pulses ap8,hence the Vge signal to IGBT.

As shown in the block diagram fig, 2, the over current protection clrcult 'gives a command to trip 
generation circuit which further sends a 'trip from gate drive’, signal tp a Latch-de-latch circuit.
The Latch-de-jatch "circuit latches the trip from gate'drive’1 signal up 1 td few milliseconds 
(approximately 16fhs), thus giving a hardware inhibit for the IGBT ptiises. Thisis sufficient time for the 
micro-controller to execute" a proper shut down procedure and to'stop the gate1 pulses to both the 

■ IGBTs of 0 leg. : ,

. (/. Analysis tor the total turn-off, delay

The total propagation delay from the time the PWM pulbe'appears at the control toput to the tinje 
when the gate pulse Vge gets withdrawn due to the short circuit sensing is attributed to propagation 

..delays at various stages. _

As shown in the fig: 7 the total delay is : : 'TI'
= At1 + At2 + At3+'At4+AtS+AtS \

where • •. '

At1 * 1;5ps (irom PWM at the control input; connector. CN2/1Q: (3 .comparators)’till the PWM pulse 
»v- ..reacbesatthebase'ofthefinal-driyingstagetransidtOtiQ)^*
:At2 ~ 0.5ps (forward-delay of thedybridlG) ,r- a ,
. At3 = 0.5ps (at the beginning of this, instant current; starts , rising. This ,is: the delay for Vce reaching 

zero and then rising to-the sensing, level) ; ;-c ;
AM * 3ps (over current sensing and command deiiverytQ the opto- isolator by the Hybrid 1C)

’ It5 = 2ps (delay intohe Op amprtbuffer;(0,5tis) and 1pV3) Op; brh'gdbrrijbaratOr stages oftHdtatch-de- 
latch circuit that givesThe HOLD command) •

AI6- 5iis {delay for actual turn off‘(3gs +2gs)) , ,

Tola! delay = 12.5ps (should be considered as a guiding figure)

Vi. importance of short circuit testing

The IGBT converter is a 4 quadrant converter working with boost Charged‘dc bus. The dc bus voltage 
has to be more .than.peak of the incoming suppiy voltage, in this case the dc bus operates at 850V. In 
the practical applications due to mai-operation of the control ei&ctfdhics dr EMI'.'effect, even if a 

. sufficient blanking time is provided, the IGBTs may face unwarranted triggering resulting in large 

.uncontrolled currents, due to the stack capacitor discharging, thfoijgti them. Thus, the short circuit 
sensing logic and the trip logic Have to operate within the Short duration of few microseconds.

m
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The JSBT device basically has to perform-two Q®ejW!pn,s First, it has to switch at a
operating frequency of the converter in which it is used at rated voltage and allowing the rated currant ; 
to flow. The second function is its behavior under oyer Current Condition, when it has to turn off within- / 
short duration. In order to ensure proper working.ofTHe IG'BT Upderithesei two.conditions; the normal 
switching test for the device under given'power conditidhs and short circuit test at given dc voltage ! 
(applied through charged capacitor bank) arel OSsehtiai' to^Ke 'tS&Mohrned ©rt the converter itseif. The 
normal frequency operation test helps ih* eseertaining-the losses and temperature rise of the 
converter. The short circuit test helps in checking :.p'ertdfhrtahCe; of; the: entire protection system , 
employed. However, considering practical lirttitattons,; these;tests can be performed separately as. 
indicated here. Further, the normal frequency opdrafidh tesfis carded outat’lower frequencyof 250Hz,: 
Oust to check the PWM pulse transnrtiS8lori.%'<%a^:y^i%'ti}ie,c^»]ftjgircdv^tegs.are carried out. at full ? 
dc. bus voltage and also to check IGBT pulse application;
from practical point of view. !'. V '

VII. Short circuit testing and experimental results - “

In the intended converter, the 1GBT is operated at 600 / 850V do and 1.5/ 3kHz operating frequency, 
based on single-phase or three-phase operation. As explSihe'd in section VI (Importance of short, 
circuit test), the short circuit testing of this device at 850V dc as well as with switching of 3 kHz at. 
850V dc becomes essential. . ,
The test set up consist of a single pulse generation circuit which generates a single pulse to be given 
at the control input of the gate drive card.toTurn the !GBT on for Hie pulse width duration. The power 
circuit has got a capacitor bank, which is charged by the, input supply, and when the IGBT is turned or. 
the entire energy stored in the capacitor bank is discharged through the IGBT. Refer fig.s 8 and 9 
which give details of the power circuit / test set up used for the testing. One is for testing Ore IGBT up • 
to 560V DC and the other one is for testing the IGBT up to 850V DC.
initially it is tested for normal switching function, it is switched by giving a square wave of 250Hz at its - 
control input with device current of 6-8A. The waveforms captured .are of Vge and Vce, as given in 
%• 10. ... . .. !

From the delay calculations in the section V, it is evident that the gate driver Is designed to cut oft the!;: 
IGBT in 12 ps) for over current l short circuit condition. To ensure this proper operation of the; gate’ 
drive card, the IGBT is short-circuited for various different time intervals around 12 }.ts mark. The 
intervals selected are as below.

• 5 ps (interval less than the calculated 12 ps duration of cut off)
• 13ps (interval nearest to 12ps mark ?
• 25ps (interval greater than 12ps) - . !
• 40ps (interval far above the l2ps mark)

The short circuit testing is don© step wise starting from 50V DC: increasing the voltage; 'the^short- 
circuit testing is done at 100V and then at 200V‘DC for- all those pulse widths given above.-Once the’: 
confirmatory level of the gate drive is attained, the dc voltage is' further increased at1400V; then; at f 
560V and finally short circuit test is-done at 850V dc for ail the abovg -puisp vzidths. The wavefbfms;;; 
are given in fig. 9 for the voltages Vce, Vge, input pulse and device current: T
The final test is a repetitive test at 850V, wherein the short circuit pulse of 25psjs given at every tmin.JJ 
interval, to check how many such shots the fGBT is able to with Stand. ' '
The test results for the 200A, 1400V, Fuji make IGBT (2MBI200PB-140) are. gjven in fig. 10and fig, 11 
Similar test results for the 225A, 1700V ABB make IGBT (5SNS 0225.U170100) are given in fig, 12., v

VIII. Some important aspects for design . > Ji

itis essential to note certain points as summarized, bpiow.
• 43• The gate driver must operate with less than 12 ps to stop the conduction of the IGBlg

completely. .’
• A criss-cross protection for the IGBTs in same leg should be given right at the point where.theJf

gate driver trip is available for any of the IGBTs. This ensures immediate tum-ff of both theij 
IGBTs in the same leg. ” \;S
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® A Latched protection then can be given to ensure all the IGBTs turn-off following gate driver 
trip command for any of the IGBTs in the converter stack. The Latch-delatch time could be 
kept more than 5ms so. that the main electronic regulator has enough time tp react and apply 
the final stop conduction command. ■

» The tum-oh and turri-bff resistbrs define the respective time. However,, the tum-off resistor 
needs to be higher than the turn-on resistor and1 its actual value will geLdefihed by acceptable 
over shoot of the voltage seen by the device during the short circuit tests.

• The short circuit test needs to be conducted at rated dc bus Voltage as seen by the. converter 
in normal operation. 'V-,

IX. Conclusion
The paper analyses the gate driver requirements for 200A, 1400V IGBT, details out the design 
requirements essential for the fast protection of the IGBT when it faces short; circuit conditions at 
actual operating dc Bus voltages of 600 / 850V DC, ahd.explains as to how these requirements can be 
built in along with coordinated protections for a typical power converter. Short circuit test results are 
given for the 200A, 1400V and 225A, 1700V IGBT" are in line with the desired performance of the gate 
drivers.
The paper also summarizes the complete protection requirements when the; IGBT is a. part of the 
power converter and hence will serve as a guide line for IGBT converter design ehgirieers..

Tnphj

Ch1 :-input pulse Ch2:-Vge
Fig. 1: Block diagram of the gate drive 

; ■ j Card with S-Channels
Fig. 3: Showsthe delay-between, the input 

?;v"*u - pulse and the Gate-Emitter Voltage

HotS-
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Fig 4: Blanking time '.f

Fig 2; Block diagram of a single channel 
of gate drive card for Fuji 1GBT

S

\'Bs

Zk_
•*)

toil

(a) ( b >

Fig. 5: (a) Logical AND relationship between
the drive signal and collector voltage 

(b) Vce waveform when the short circuit pulse, 
is applied at t = t1

! ^4

Vce.

to

Fig 6: Relationship, between
Collector Current and Vce

■i i

*
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Fig 7 : The Total Delay breakdown Fig. 8: Test Set-up block diagram

En**yy f.Vtaa *1 CJpfcJtu ban* ■ C V 7 K_

(a) Power circuit upto 560V Ch1:- Vce Ch2> Device current

(a)

I <3. ^
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(b) Power circuit tipto 850V
Fig.9: Power circuit tor testing CM:-Vge Ch2:-input puise

(t>)

The load resistor connected in series is ot 75 Ohm .
The device current is 5A . Pulse train at the control input is 

of 250 Hz with 50% duty cycle. This makes charging 
time constant greater than 2 ms so the dc bus voltage
* pig. 10 : Switching test of Fuji IGBT at 250Hz and 375V

Short circuit test

Ch1 : Vge Ch2. Input puise
(a)

Ch1: Vce Ch2 Device current (inverted)
(b)

(Fuji I6BT)
400V dc,25us

. Ch1 : Vge Ch2: input puise
<c)

Ch1; Vce Ch2 Device current (inverted) 
(d)

(a) and (b) : Device turns off in 12 microseconds. Vce overshoot 600V. 
(c ) and (d): Device turns off in 12 microseconds. Vce overshoot 400V.

U*.
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1560V dc, 25us - ; . : . ' 8S0V de,.25us::

Ch1 : Vge Ch2: Input pulse . , Ch1 : Vgs Ch2: Input pulse

CM: Vce Ch2 Device current (inverted) CM: Vce Ch2: Device current (inverted)
(f) : <h>

(e) and (f): Device turns off in 12 microseconds. Vce overshoot 420V.
(g) and (h): Device turns off in 12 microseconds. Vce overshoot 530

Fig. 11 : Short circuit and destructive test results for Fuji IGBT

Destructive test at S60V 
with 25us pulse and 50 such shots 
(One pulse in one min.)

Vce and Ic waveform of 1s1 short ckt test (i)

Destructive test.at 850V, with 
25us pulse and 50 such shots

Vce and Ic waveform of 1s1 short ckt test (k)

Note: All waveforms of No. 1 to 50 were same as above for 560V and 850V

145"
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