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SINGLE PHASE PWM REC?#FSER FOR POHAER FACTOR

Abstract

The Potential of PWM self commutated letage sQUrce converters in the'area of AC o DC power
conversion has been.well estabhshed These :converters oifer umty power factor operation wh
delivering near sinusoidal current and. reduced mput/ou!put‘mter size. Two mostly used currel
controlled strategies émployed to control the power Hlow in'a PWNM reclifier are indirect current conird
(ICC) and hysteresis current control {HCC) HCC technique s Studied’ hete tor s simplicity and aiso
due to its suitability in low to medium powar “applications. This paper presents hysteresis current.
control (HCC) in detail. The study and perférmance evaluation are madé Using MATLAB-SIMULINK
{Sim Power System).

Introduction

Line commutated ihyristor converters have been widely used for the AC/DC for a number of years
though they have serious dxsadvamages like

(iy Non-sinusocidal currems rich in‘fower order harmonics, drawn from the supp!y imes.
(i1}, Poor operational pover factor, espacyany, at large firing angles, and”
{iil} Low frequency harmaonics or r:pple in outpu‘ do vo ftage.

Lld pvercomie’ the
( ryf and’ vompi

The PWM converter designs with forée commutated' thyristor converters
dtsadvantages However, owing 1o ksness, iosses’in ihe SO utation 1
of control the forced commutate { $ GO “be
introdudtion of ‘seif ‘commutated b ,
convefter designs got simplified considerably. A 8uch; tHere is'a distingt po.,
commutated converters will replace the classical line commistated convertérs in the near fui‘ure

P4

The PWM self commutaled converters have two categorigs, viz., voltage- source converters (VSCs
and current source converters.{CSGs). Both. haverthe primary. advantages..of . dehvenng ne
sinusoidal input currents at unity power facto: and 0-360 ®

power angle range. . i T DI S
In.this report discussion is resincte 10 v Cs, the recem past has shown considerabie amount of wo
being published. The switching dévices, SUch as’ power trénsistors or MOSFETS, used: by ihe- VSCs
have low current ratings but highér switching frequengy ratings as compared to 'GTOs. Thus they.can

serve low to medium power applicat{ons whxle the GTOs are more sditable in highpower-applications

Basic conﬁgurahcn,

The basie conf‘gurattan uged by smgie phase bi-directional VSC’s are shown in fxg 1.1 along wi
operaling mode in. ﬁg 1.2. The switching devices S to S, in fig.1.1 generate.a.voltage Van betweer
the terminals &' and r’. Typical Van voltage patterns are.shown in fig 1.3 for converler. Van is three
tevel waveform forfull bridge Le [0 +Vpe, 0-Vicl

cg
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{a) Typical Input Current wavetorm in one switching cycle.
(B) nstantaneous current, and.Jocal average at upper do fink,
{c) instantangous current; and local average at lower de link.

in order to understand !he design aspect of VSCs, It Is necessary to evaluate DG link current. m' )
converters. These are evaluate based on “Localiaverage’ criterion, suggested in {1}

Analysis. method of local average for Full- -bridge

DC link currents

Consider fig. 1.2 corresponding to the on and oﬁ mode operation {powering) of Sy, a typical switchmg
waveform. of the input current 'I" Is shown in fig 1.4. The current’is’ considered to be controlled in

current window Aly, using HCC technigue. The reference current is ln = Iy, sinfwt + p), The curreni
rises in the on time A, to reach the upper limit of the window, while falls in the off time At, to reach the
lower limit of the window It is assumed that At +4At, is so brief that’ fn is ‘substamiany constant

it is proposed here that each pu!se train be characterized by ) k;cal average, the time span of ihe
average being At;+Al,

From fig 1.4a the local average of the on !ime current I, deﬁne,d as}
Sty

{ I
% I, -AtL,

i = i‘ i~ =z
AL FAL, AL+ AL

o

while the instantaneous value of 1, is
I .= 0 in the time span At,
f4=1 in the time span Al

Likewise, a local average for 1z (1 off ) and it is evaluated as, _




Appendix C: List of Papers 189

When switching rates are very fast, one can make Ok, — 0, (At + Aty) — 0, and 1— I, In this ideal
situation, one can treat the local averages I, and I, as the continuous time fundtion.

Substituting,
Vs = Vi sin{wi)
And lg = 1, sin{wt+e)

=i = Vi "Ly, - (€os @—cos(2wi + 4)) , . o s
1 2 5. Vxx;
Where i

Vi = Peak of the input voltage “Vg'

In = peak of the reference current I

g = operating power factor angle selected
Voo = output DC voitage

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

e V1, (- cos(2wi)
. ’ 2;» Voo -

For the tull bridge VSC for unity power factor,

V. I (1—cos(2wi))
C2-Ve

ERee

ST

Instantaneous input ac power = Vg Iy =

and

: s Vo1 (1-cos(Zwi
Instantaneous output dc power = V. -I, = & n{ cos( )

2.V, 3
. “* Voo :
7 Last two equation shows thal the instantaneous ac and dc powers are equal. I
< Further, .
< . A M
9 Average input ac power = —-——;;—»—-— , and

<

Average output dc power = V.- 1.,
Comparing last two aquations,
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Ipe = PXY;
2-Voe

So for the full bridge VSC

et

i, S Vi Iy -cosZwt)

2 Ve

The above equation shows that the DC fink currents of the full bridge VBC have a second harmomc
component riding on the average output direct current fpg, -

Control strategy.

unit sinewave generator
V, : Sinlwi)
ey o,
Ll . | =
‘ » Hysteresis .
: . compatator o
¥ ::"JN,‘ T e, o s
Vref

voltage control loap

Fig 1.5 Block diagram of control strategy

. A.‘- El E,A!
Ve g B I
5 Beference
1} e current

Fig1.6 . Contol Black diagram of reference currem'génerator .
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As shown in fig 1.6 apari from the micro-controfler all ’_émgr; péi; _afé impleméiy{ed with analog and
digital clrouit. Micro-controller used here is of 8-bit-and-it serves two functicn i) it Stores pattern of sine
wave in iU's program memory which js used 10 generate- unit sine wave and §i) it provides initial startup
control of converter along with different protection such as over voltage, over current efc,

'Qetai! of prototype.

Devices used in the prototype are given below.

L = 2mH, 80AmMp. o

Cout = 3300uF/450VDC |, two such capacitor are in paraliel

IGBT used is BSM 150 GB 120D — 1200V/210A {Te=25°C).
THYRISTOR used is IXYS MCC §6-16 i01B ltrms = 100A and ltavin = 63A.
input Filter used to remove high frequency ripple in‘su-pply cung'ﬁf".

Ls = 500uH / 150A '

and Cs = 15uF/370V @ 50/60Hz. )

Converter performance is checked for resistiva as well as inverter Load.

~ Resul of resistive load is given below,

~3 Current sensor after LG filter.
it is Hal-ettect sensor with ratio of 20A/4V.
t.e. 1A represented by 44 . 44mV

Wave form of the result
For 2.5kW resistive load

Channei 1: 44.44mV="1A. . Channel 1: Smy=1A,

B—— . B —— .
Bsoo 1 : . & SemVBC18s1. B 2VOFFLIB:I
{Bsgowvpcanat B oswocier  HOLL 1 4 DRIV TriesslesfiTY L

CLBRATIV Teigzadennly R

Ty

TUHETT By PREVIONS  HE
SEREEM SCREEN GCREEN SCEEEN

EX

o)

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

Channet 1: 24.44mV=1A.
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a) Input current full cycle in conlrofled condition.
1y DO link voltage ripple.

Conclusion.

This paper deals with use of present day self — commutated devices (partticularly IGBT) for power
converter applications. The converter topology and its control sirategy is executed for Power Factor :
Correction {or UPS appiication. The control system is realized with analog and digital approach. While
the analog seclion is used for Pl loop implementation and galing signal gensration, 8-bit-
Microcontroller is used to store the sine wave pattermn and 1o provide different protection.

Prototype developed gives a good resull with constant DC link voltage and near unity power (actor D
with near sinusgidatl line current. Lk
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HIGHER RELIABILITY & ENEF

M. M. Ranade NA. Pate ‘

: “H. B! .Chandwani
Elect. Engg. Deptt. Corporate R&D . . Elect. Engg. Deptt
M.S.University ABB Limited 07 IS University

Vadodara ) Vadcdara YVadodara

With increased use of Tour quadrant convertefs_in varm nons tbe use of insulated Gate Bz—poi
Transistor (!GBT) has also increased rapidly. IGET has, bécome fiore [o) pu!ar because ease of tumn-on and:
turn-off, low gate power, higher switching freguencies (15 kHz), good voltage capabilities (3300V), and curre
ratings (1800A). Though IGBT has beuer control characteristics compared o Thyristor or Gate Tum-o
Thyristor (GTO), essentially it has poor Pt rating. Thus the IGBT needs.a. very {ast acting gate driver {o sens
voltage across its collector and emitier and tumn-off the device if it is rising jast due to a short circuil condition
current flowing through it. If the gate driver cannot act within 8.16 12 microseconds, the IGBT is likely to'g
damaged. .

The gate driver ior IGBT hence is an important element in the design -of power converiers using iGBT
operation.and protection. The paper describes gale driver for 2004, 1400V Fuji make IGBT, responses.of |
driver for normal and shori circult conditions, the prétection circull implementation, and presents 1
experimental results for the responses. Similar results for 225 A,.1700V.ABB make IGBT also are presente
The test conditions are maintained close to what the converters. unixzmg these 1GBTs are likely to experig;
as it is the only way to ensuré that the gate driver and. me protections will work correclly in reality when
converter operates in actual conditions, .

The paper i intended to provide an insight in understanding the gate dnver, its funclions, correlation
of the short circuit conditions- with operation of the gate driver, and finally making the driver operate
with necessary and realistic conditions, it ¢an 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 .

{. 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 assernblies of uncontrolied / controlied semiconductor .
devices, The controlled power devices could be Thyristor, Gate Tumn-off Thyristor {GTQ), 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 selfs
commutated devices. The gate drivers for these power devices form the integral and necessary part’
of entire converter design. )

it is nacessary to see that the gaile drivers are properly designed to take care of normal as well as.
abnormal condmons like short circuit conditions when large current-is’ likely .to flow xhrough the: -
device. Since the 1%t rating, especially for poiver MOSFET and IGBT are quite low as compared:io
thyristor of GTO, high-speed semi-conductor fuses cannot protect these device s:Thus gate driver has
to turn-off the device within microseconds {8 to 12;:3) and hence the- descg fthe gé rivé 18
very important aspect of the power converters using these devices. Having made & deszgn for {he.
gate driver, it is also essential’to test'il’ with“the” ‘actial corwerter crean the necessary shork sircuit
and observin me resgionse of the gate driver, If the actual conver gilable, it is necessary -

{ ’what canvsrrer amy and zhen test the .
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e:dr;verahd ihe IGBT. - WET L e gL S ETRUT

: g’enerai gate driver for all IGBTs in-a converter must be isolated: Arom éarth, control e!ectromcs and
fmm each other. Minimum recommended isolation Is 2. Sk\/ for one mlnuxe for 418V systems ’

Gate resistance Rge

T he lower the gate resistance the lower will be the tum-on and tum oﬂ txmes Thss wm mean iaster
vitching on- and off of the' switeh and lower switching losses. Biitfaster the turn:off the higher will be
urn off over voltage’ generazed g to associated lpakage and:wiring; AAductafites. Further, # the. gate
res:stance is low; there will be'a momemary hxgh current pulse drawn by the tGBT gate.

it 13 hehce essential ta have two separate resxstors, one for forward dnvmg of the ga!e and one for
reverse biasing . The forward resistor needs to be low for the fast turn on. The reverse resistor
should be of higher Vdlue than the forward resistor so as to rsduce the unwarranted voltage
- ovarshoots.

imphcatmn of gate emxtter vo!tage and reqmrement of bipoiar vo!tag'

-~ A positive gate voltage above the threshold value is reqmred to Fs n on the dewce. .T he lower the

gate- emitter voltage (Vge), ihe higher is the Vce {sat) {collector-emitter voﬁage) and the ‘on state

bower dissipation, Fg Vge, the shon circult withstand, probablmy g €

#" requiired to reduce { robability.of funwanted turi-ofi of e ‘devide, THiS reduca the :urn oﬂ
. switching time, whmh"wm mean fast swﬂchmg action and less swmhmg power dissipation, '

Over current protecﬁon » . :
An IGBT can get subjected to over current srtual:ons These ccr:dmons cou!d bé as below
¢ IGBT may have. to cany., excesswe currem than rated, bacause ef the sudden mcrease m
~ load current
- Sxmunaneaus turh 6N the’ fwo series devices in onje- arm'of the’converter fesumng in:short

«":irc'uit of th‘e‘ /dc b‘u’s' a

" Drive'power calcilations -
Drive power is calculated as-follows.
. Drive power =. (1/’1‘) § {vi dt]
 Tobe m!egrated fromOtoeT .
Voltage * v is: different for tum on; and !um
Drive power = Fs| Vge*Qeh + {-Vge) Qeh}
Vge = The turn on gate emitter voltage

Mge=The turn off gate emitter voltage
F‘-‘s = Switching frequency

Wi
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Qch can be obtained. for the given Vge ie. far he. given turn-on gate-smitter voltage from
manufaciurers data curves. - .

B)ankmg time

In case of converters, where two IGBTs are in senes for one [eg of the converter, it'is necessary:l
provide some blanking time between the tum-off of oiefdevice and tuin-on of other device to aveid
direct short circuit across the DC bus.

Circuit layout considerations

The length of the wires used while manufacturing of IGBT stack assembly {device modules, snubbg
circuits, de capacitors, heatsink, blower in case of force cooling, temperature sensor, bus Bars’g
insulation) dictates total de loop leakage. mductance. It is.necessary that this inductance is minimu
Higher Inductance increase overshoot in voitage across the device when it tumns ofi

I, Gate drive details for Fuji IGBT

The 200A, 1400V Fuji IGBT requires the gate driving voltage +15V/ -5V, Fuji IGBT module contains2
IGBTs in one package. The block diagram-in ig..1 gives overall features of the gale drive card for the
IGBT module. The gate drive card posses two.channels for the two. IGBTs. The control electron
supplying the -pulses o the IBBT module uses following power supplies tor the two gate drive
channels,

T ost2v

--12V

Signal ground (SG)

- O {zero ground)
Signal ground and zero ground are shcrted extemaﬂy and hence can be assumed same for
practicai purposes.; . :

iGBT xs anen by. an. hybnd driver IG which produces the rated Vge at sts _cutputs! Varlous ditf
ver iCs are available, like EXB840, EXB841, EXB850, and EXB851 from the mantxfa

The' setechon of the hybrid IC is based” tipoh. the rated vo!taga, vated’ current; and the ‘operatin
frequency.of thé IGBT to be driven. The hibrid driver IC seléctad for the Fuji device is EXB84T.

Fig 2 shows the block diagram of a singie channel of the gate drive {GD) card. ‘Hybrid 1C; EX8
uses an isolated supply of 20V. It converts the dc supply voitage at a required Vge level at its’ QU]
(+15V for turn ori and =BV for turn off). " ‘Eath chaarxe} also consist of opto-ccup!er with' h!gh :so!a
voltage 2500V for one minute 16 isdlaté power.side from electronic control cirGuit,

¢ o e

L]

During normal operation, the PWM pulses are given al the control inputs of the respectwe channe
These. are transferred to the hybrid 16 through . comparator stages, with .gach . comparator slage
contributing almost 0.5us of defay. Hybrid IC itself contributes 0.5us de!ay Jor_pulse: 1ransmxssx<m
Thus;:the overalt delay-belween PWM pulse.at the control input and thé: pulse. appéaring.at th
emitter terminals of the IGBT is approximately. 3-4us. Since this is for.all the IGBT's of the i
phase converter, a centain degree of synchronization gets maintained amongst ail the IGBT's.

3 gives the pulse waveform. .

Normally, blankmg time of 10 10 12us is sufficlent to avoid direct short of IGBT's in same leg and
achieved by using an RC network, which delays the pulse for the incoming IGBT. Refer fig. 4 forthis
defay understanding.

A micro-controller controls the overall operating sequence and PWM puise pattern for the IGBT's. T
gate drive incorperates the function of protection against over current by sensing the-aver. curren!
IGBT through the hybrid driver IC.

The over.current condition can occur for very short. Thus it needs o be latched for some tirmé fo
m:cro‘con(roﬂer to sénse it and execute a proper shut down procedurs for the given’cénverter. The
latch circuit latches this signal {that symbolizes over cuirent condition sensed) for few millisecon
giving sufficient lime for the micro-controller & accept information and execute lhe shut dai
procedure, and then it is de-latched by a de-latching circuit.

A comparator stage has been configured in each channel which compares the voltage comsng
the control input, the voltage produced by the Hybrid IC and opto-isolator when short circuit is sensed
and voliage puise from Latch-de-latch circuit and gives a ‘HOLD' command for the gate drives. The

Iy
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Jatter two pulses are zero during normal operanon Hence PWM»‘put
mitte. as Vge

Av. Operaﬂon of the gate dnver durlng over currentv -

}puse delwered When -pulse- is dehvered and Vce vo!tage_,
i dtcatmg the. shor! cxrcmt condmon el

‘comparaaor stage in.gate- dnve ‘card whxrh siops the. PWM pulses and. hence 1he Vge 51gnal to 1GBT.

As shown in the block diagram fig. 2, the over current protection ciroult’ ‘gives -a commiand to frip
generation circuit which further sends a “Irip from gale drive’ signal to a Latch-de-latch circult.

The Latch-de-latch “Gifcuit tatches the ‘'trip ffom gate’ drive’ Signal up "to- féw- iniliseconds
“{approximalely 16ims}, thds giving ahardware inhibit for the IGBT pilses: This-is sifficient time for the

IGBTs of d leg.

.-Analysis tor the total.turn-off. delay

when the gaie pulse Vge gels withdrawn due 1o the short c:rcu:t sensmg ls attributed to propaga
.delays at various stages. ; . ; o

*As-showi in the fig: 7 the totay de!ay is
= AtT + AR + A3+ A+ AlSF AtG

where

Att= 1.5us (from PWM at the -control input; connecior CNE/ "3;cor_np__;arazo:s)'~:\t’m tha. PWM pulse
. . reaches at the base’ of the final. driving stage fransist ) - '

A2 05us {forward delay ol the: hybnd Iy - . -
-At3= 0.5us {at the beginning -of this. instant cufrent; stans nsmg
zero and then rising tothe sensing. Ievel)
A= 3us (over current sensmg and command delive -
3 buifer 10,5ps) and ip-3
latch circuit that givées thie HOLD oommand) :
AtS= Bgs (delay for actoal turn-off (3is +2j18))

his s the de)ay for Vce reachmg

to the cpto~ tsolator by the hybnd lC)
X comparator stages of the Latch~de-

Total delay = 12.5s {should be considered as a guiding figure)
Vi. Imporiance of short clrcuit testing

The IGBT convertsr is a 4 quadrant converter working ‘with boost chargedide bus. The deo bus voltage
has 10 be more than.peak of the incorning supply voltage..dn this case the dec bus operates at 850V, In
the practical apphcatxons due o mal-opération of the contral dlBctiohics or EMI effect, even if a
sufficient blanking time is provided, the IGBTs may face unwarram?d triggering resulting in large
uncontrolled currents, due to the stack capacitor dischargmg thiough them. Thus, the shornt circult
'sensing logic and the trip logic have to operate within the Short duration of few microseconds.

itg

‘micto-controlier to execute a proper shut down prccedure and to siop the gaté! piilses to both the :

The total propaganon deiay from ‘the time the PWH pu!se peam at'the contiol input 10’ the, nma

196
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1l st e

The IGBT device basically has to. perform -1wo. ope
operating frequency of the converter in which I
to flow. The second function is its behavior Under 1
short duration. In order 10 ensure proper wor'kmg Kol G\BT under;these two:conditions; the. normat
switching test for the device under given power ‘conditiohs” and Shiort cifcit test at given de voltage -
{applied-through charged capacitor bank) are: essamza! toshe perfofmed on the converter itself, The .
normat frequency operation test heips:. iv astsddiningthe 3osses -and’ temperature rise of the
convertér. The short circuit test helps-in che(:kanguperform rice of: the? entire - protection system .
employed. However, considering practical limitations,. thesei1gsis can:be performed separately as -
indicated here. Further, the normal frequency opseration test’ is carried out'at lower frequency.of 250Hz,
{just 1o check the PWM pulse transmission is okay); whﬁevme short.circuit.tests are carried.out at full 7
dec. bus voltage and also to check IGBT performanc Mnde twe short cxrcun pulse apphcaﬂon

from practical point of view. . ’ .

Vil. Short circuit testing and experimental restilts

In the Intended converler, the 1GBT is operated at 600 / 850V dg and 1.5/ 3kHz operating frequency,
based on sirigle-phase or three-phase operition. As- explaxned i Section VI (importance of shon .
circuit test), the short circuit testing ‘of this device ‘at BSDV dc as we!! as with: switching of 3 kFz al
850V do becomes essential.

The test set up consist of a single pulse generarion CircHit wmch generates a single pulse to-bhe gtven
at the control input of the gate drive card.to turn the IGBT on fof the pulse width duration. The powser
circuit has got.a capacitor bank, which is charqed by the inpul supply, and when the IGBT is turped. on’
the entire energy stored in the-capaciior bank is disgharged through the IGBT. Reler figs 8 and 8
which give details of the power circult / test sat up used for the testing. One is for testing the IGBT up -
to 560V DC and the other one is for testing the IGBT up to 850V OC. .

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 caplured are of Yge and Vce, as given. m
fig. 10.

From the delay calculations in the section V, 1t is evident that the gate driver'is'deé’igned'to cut off ihe
IGBT in 12 ps) for over current / short circuit condition, To ensure this proper operation of the gate™
drive card, the IGBT is short-circuiled for various different time intervals around 12 ps . mark. The
intervals selecled are as beiow, -
» 5 s (interval less than the calculated 12 us duration of cut off})
» 13us {interval nearest to 12ps mark
¢  25us (interval greater than 12us)
«  40us (interval far above the 12us mark)
The short circuit lesting is done step wise starling from 50V DG increasing the voltage; ‘the- shon
cirouit testing is done at 100V and then at 200V°DC for-all those pulse Widihs given above. Once the
confirmatary level of the gate drive is atlained, the do voltage’ is"furnther Increased avy 400V, theniat
560V d@nd finally short circult test is-done at-850V 'de tfor all the ahove’ pulse ‘widths. The waveform
are given in hg 9 for the voltages Vce, Vge, mpux puise and device current: .

The final test is a repetitive test at 850V wherein the shon c;rcwt putse of 2Sps is given at every ‘xmm‘
interval, to check how many such skots the IGBT is abie 10 with stand T

The test results for the 2004, 1400V, Fuji make IGBT (2MBI200PB-140) are gx\zen in fig. 10and fig,1;
Similar test results for the 225A, 1700V ABB make IGBT (SSNS 0225U1 701 00} are given in fig. 12

Viil. Some imporiant aspects for design

it xs essennas to note certain points as summarized.below.

s The gate .driver must operate with less than 12 ps to stop the conductnon of 1he lGB
completely. ]
« A cn:,s-rross protectzon jor the 1GBTs in same !eg shouid ba’ gwen nght at the point where

IGBTs in the same leg.
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o A Latched protection then can be -giv_en 10 ensure all the IGBTs tum-off following gate driver
trip command for any of the IGBTs in the converter stack. The Laich-delatch time could be
kept more than 5ms so that the rmain electronic regu!&nor has enough nme 10 react and apply
the final stop conduction cornmand. .

» The turmn-on and tum-off resistérs defing the respective txme Howeve me tum-off resistor
needs o be higher than the turn-on resistor and’its actual ivalue will get efmed by acceptable
over shoot of the voltage seen by the device during the shont circuit tests.

s The short circuit test negds fo be conducted at rated dé bus voltage as seen by the converter
in normal operation. e e

iX. Conclusion

The paper analyses the gate. driver requxremems for 2D0A, 1400V IGBT, detax!s out the design
requirements essential for. the fast protection of the IGBT when it faces short gircuit conditions at
actual operating ‘'de bus voltages of 800 1 850V DE, and &%plains as to how these requirgments can be
built in along with coordinated protections for a typzcal power converter. Short circuit test results are
given for the 200A, 1400V and 2254, 1700V IGBT are in fine with the desired perférmance of the gate
drivers.

The paper also summarizes the complete protection requxrements when the %GBT is a part of the
power converter and hence will serve as a guide line for IGBT. converter des:g g:1 gineers

- & You
\m:nn YRR FIIETIE 1IN VR N

s Ch 1:-input pu!éa Ch2: -Vgé

Fig. 1 " Block diagram ofthe gate drive ‘ F!g. /32 -Shows:the delay between.the input
Gard With'2~Channels ’ W 1 pulse and the. Gate—Emmer Voltage

B
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k3
Pulse a1 the control Up
for gavice 1

Puise given to device 1
including blanking time

Pulse at the control
for device 2

fylse given to dovice 2 m

including blanking fime.
> i 7

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

h
voy L
I >
7, P‘m - - ;‘
X Y N
{a) (b)

Fig 6: Relationship between

Fig. 5: {a) Loglcal AND relationship between. B
-Collector Current and Vce'

. thie drive signal and collector voltage
{b) Vce waveform when the shon circuit pulse,
is applied att = t1
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Fig 7 . The Total Delay breakdown Fig. 8: Test Set-up block diagram

En**yy f.Vtaa *1 Cpfcltu ban* 1 C\V/ 7 K_

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

(@)
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. poreen . r"‘;
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N paam— TAIRAION
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* . R o -3 sz
* “‘?‘*‘i it

hpe } P R

Sty Esory s43r00 11 kmpiiat Lot w R854 K2
:g ({b) Power Gircult qis'tobsov ’
a Fig.9 : Power circuit for testing Chi:- Vge Ch2:-input pulse
{b)

The load resistor connected in series is of 75 Onhm .
- : The device current is 5A . Pulse train at the control inputis
. of 250 Hz with 50% duty-cycle. This makes charging
: time constant greater than 2 ms so the d¢ bus voltage
' drops to 250V. i
: Flg. 10 : Switching test of Fuji IGBT at 250Hz2 and 375V

) - Short circuit test (Fuji IGBT)
200V dec, 25us . 400V dc,25us

T

AR e e b :

RS E EIEE gt shaied fo% L

Chi: Vge (zhzr input pulse ( _ Chiivge Ch2:input pulse
&) ’ {c)

N THE 3de var S H
La Gall Saad 38 30 i

Device current {inverted) Ch1: Vee Ch2 Device current (inverted)
(b} Q)

{a) and (b) : Device tums off in 12 microseconds. Voe oversheot 600V.
{c ) and (d) : Device tums off in 12 microseconds. Vce overshoot 400V,

14y
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oA 850V de, 25us: -

580V dc, 25us.-

32

uv.,vu IS Y A
FRINYN 3. ko 3

Chi:Vge Ch: -”l'nbut- puise

Ch1 Vce Ch2 Dewce currenl (mverteed) cm~ Vece Ch2: Device current (inverted)

{(e)and{f): Devsce tumns off in 12 mxcroseconds Vee overshoot 420V
{g) and (h) : Device turns off in 12 microseconds. Vee overshoot 530
Fig. 11 : Short circuit and destructive test results for Fuji 1IGBT

Destructive test at 560V Destructive test at 850V, with
with 25us pulse and 50 such shots 25us pulse and 50 such shots
{One pulse in one min.)

LAY ﬂ\xd:-
PRk AR,

- Vee and lc waveform of 1* short ckt test (i)

fro-ry Uil AR AL

I3 HwEa; 200 Vau 23 o
P23 Mk A Adiaadaly,

Vce and lo waveiorm of 50"‘ 5hort okt test (j) Voe wavelorm of 50T short ki tsst ()
Note : All waveforms of No. 1 to §0 were same as above for 560V and 850V

125~
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est results for ABB IGBT
85 . 25us

Fig. 12: Short circuit.and desﬁuéﬁve 4
- 85

y

560V dc, 25us

SO VAN Ao <3

£23 mue At
2 k1N LI

Ch1 : Voo Ch2: Dev

3

l:ﬂ’x’;:\.
S I LN 5 :
ise {(a)

Ch1: Vge Ch2: Input pu

Chz: Vige (d)

Chi: Vee

,vr-‘“mx 3 3?"::"1‘ " Tl 3
Ch1: Ve Ch2Vge )
{2) and (b) : Device tums off in 12 microseconds.
(¢) and (d) : Device tumns off in 12 microseconds.

126



