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A model of GTO compatible with power circuit simulation

des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Nowadays, the ever increasing calculation power of computers allows representing the switches more accurately to aid the design of the switching section (design of the s n u b . pndiction of the current and voltage overshoots. study and optimiiution of the losses in the switches 7. ...).

However. the modelling techniqucr u e cat.inly not that advanced ; on the one hand. some physics-rooted models allow predicting the device behaviour but the simulated circuit must be very simple ( k a q (I)), and on the otha hand c o n p " ~t a l models um be used inmonrealistic circuits but they might be wrong in spacial operating modes.

Our tpproach is an attempt to put basic physics in a circuittype model that could be used in a static converter simulation software.

p o w a d ~w u

to pedictmdlmdcrrtmdthc e 0pCmion.of my switching device md dcrrrmme the nuia ChUWCliStiCS. ...).

w o r k s have already bacn caniad out in ow team on mis subject and a model has bwn proposed for the PN junction and applied for the bipolar tramistor (Batpd (2) a d Batard

(3)). As a first step, we will describe brieny this model of a PN junction. Then, we will show how this modcl can help modelling a multi-junction component like the GTO thyristor.

PN JUNCTION MODELLING

In power electronics applications the important characteristics of a diode me :

the low on-state voltage as a function of the forward -a t

If,

the low reverse current in off-state as II function of the reverse bias.

V

-l l l c c " n masc ~a y c l p r r a t b , a t a r m o & .

the ranaling of the 

GTO MODELUNG B a l e s of GTOs

The opcntionof GKk is oftea cxphilledby" The GTO uuda test is rated bag,, = 6 0 0 A.

V,,=1600V. The simplest circuit including switching of a G M is sh~dicd : a chopper (figure 5). The GTO is ptcctad by a 1pP snubber at turn-off. In order to reveal the trtrinSic behaviour of the GTO. mubberless opaation will also be studidinthcfollowiug. For this reason, this choppa has to be a high m o w voltage design Thc frae-whccling 

I t s v e d e t a r m n e d

To establish this rclarion. we suppose that the short-circuit The last model parameter to be detamined is K1Z For that, a static test is carried out (fGure 11). When the GTO unlocks. we can detamine the static gain 0, The power circuit drawnin fgure 11 is realised forthis test

The GTO is initially trmMd on by a positive gate current delivered by an auxiliary circuit (not shown in figure 11). We have determined all of the GTO model parameters in this pah The sccond point of the study is the global validation of the model. So we fur the model with its parameters and we place this model in its simulation environment.

In the next rection we describe how we validate the model and its Iits. It should be noted that the parameters of the model used are those given by the method described above and they are never modified to achieve some sort of "curvefitting". This particular operation is not used in conventional opention. in p d c u l a r when it is necessary to optimisc the power ckuit, Presently. we -I have a good idea of brsa but M predict the global behaviour.

EXPERIMENTAL AND

SIMULATED

1

  About 6ftea1 y u n ago. the chakngc of s~ulaSion in beh.viour of vpions topologies of converters. A ruaple b i i resistor M m ) was enough to y t the c b n c t c n d c s of s given converter with s VQY good r c ~a c y (peak md R M S currents. outpot power. output

KFlgurc 2 :IFigure 3 :LFlgure 4 :

 234 Figure 3 : Three-~unctlm GTO model

'

  for a given tunperaanr. Wndy 25T. Identlflcatlon of the parameters In the anode Junction In a GTO. the measurable qumtities arc the mode c ~c n f 1. . the gate CMaIt I' . thevoltage v, and the gateuthode VOlUge Vgk The fm test ic b w d on these four values. Igure 5 : chopper circuit used for tests

Figure 6 : 3 )

 63 figure 6.

R2 is roughly mnrtmt during modc 3 .

 3 ist tor R , , ud the anode j u u c t i o n R d + b arcequal. In order to determine a,. the same test than bcfore was used. In fact, a, C I L ~ be roughly deduced f" figure 6. I)laing the conduaion. the current I, creates through the central junction a reverse cunmt (J32). its value is a1 * I,. K32 = 2 a,/ Rd The value of I, at thc beginning of modc 3 will be nolad I,,yI, at the b e e of mode 4 will be ~t s d b. At thismnneaSd~themodcjunction~fonducMg . A s t f (fall timeof y is vcry d compced to r&l. theamatt c o n s i d c r e d ~ to I32 xfwcmeasrne&) m d h . we can r, So. &tamhe a1 with &dation (5). can be Then. at the & S e n point, b = 14.5 A. I, = 180 A. So. al = 0.08. Thc values of the modcparmctQv uelistalklow : In addition to the puunetar of the mode junctio~ this rcstbclpr deriving (bepmsitic indunaof the mnbba ( YJ &om therpJrevolrycv.pJso' With dI,/dt=533 Alps ~I K I V ~E : 63 V. I, = 0.12 pH.For the parmaas in the otha junctions. more specific tcsts must be carried outIdentlflcatlon of the parameters In the gate cathode JonctlonTo have marc infomation about the physical bch.viour, aGTO hun-off switching without potcctions is rmdicd snubberless turn-offThe ovavoltage is now proportional to the load cwcnt. The litation of the overvoltage at turn off without protections for our application is Vwe (for this GTO.V =400V). So. a low input voltage l i e Eh,,,,, = 125 V allows snubberless operation of the GTO which is the k t way to charthe GTO itself. The snubberless aml-off is rqxcrcnted in figure 7. Determlnlng K1, L,, R,,.The determination of the gate cathode parameters can be made if the voltage md the current through the junction are known. The voltage is m d directly L( the G and K taminals. But the must be determined indirectly.F r o m figure 3. we have :

Figure 8 : 4 dreWith these parameters. we have all of the gate cathode paramaas except the forward gain K12 of the current source J 1 2 Flenre 9 :IFigure 10 :

 842910 Figure 8 : current and voltage of the gate cathode Juactlou The waveforms in figure 8 allow the d e t a m i o n of the charges rtoredm the g.tMthodcjunCtioh 4, = 180 A, dl&t = 711 A&,I , , , , , = -75 A.We fix& = 1 nH m d h = 100a, Then K1= 110.Determlnlog C,, and Ctz. W i t h this typc of

3 .With 1 .Figure 11 :

 3111 Figure 11 : StatIc power clrcuitTo reduce the on-voltage drop of the GTO. the NI U al + % must be maximized. However. ay must be as low (IS possible to limit the current tail. (see section Basics of C r o s ) . So, az must be close to 1. Assuming az = 1. gives G, = al = 0.10. This value is to be compared to that derived from the c w e n t tail measurement (a, = 0.08). The dif€crcncc between these two vducs (roughly 20%) can be easily explained by the measurement of which is very dimcult to achieve (offset, ringings. ...).The values used in the simulation presented in the following section are : %'1. a1 = 0.08, K12 = 2000.

xia4 t w 1 . 1 r

 11 Figure 13 shows the turn-off simulation results obtained with a 1pF snubber, h = 180 A. &= 125 V. As can be seen f " these waveforms. the main phmomma are r e p r d and have a reasunable amplitude. Wi the different simulations made, we can directly compare simulated current and voltage values with experimmtal results. For example, M have : dlJd& = 560 Alps. &=75 A.

avoid aurgy dkwnrinuity the wmmutation between the two capacitors must be done a$ thc very moment when the junction commu- from the On-statc to the off-state md vice-vuxr For this reason. the modcloffigurrlwasinfroducad gives a fairly good nprrrmtul 'on of the vnipion of the , Cr I I K4 Figure 1 : Model of a PN junctlon A vay smaU inductor is amnected in saies with the binary resistor to create a voltage dmp proportional with the Q 1993 The European Power Electronics Association

  

curralt .pia L ( s o f t or mapoff ~v i o u r ~ the lq$lIid voltrge (dv/dt) at tpmoft Each of tbeM chuactc&tica U modelled U r'rmply as posnic. For exampk, though it is possible to model the V(l) static chsracteristics with one or s e v d threshold voltagc(s) and s variable series resistor, we wiU keep the usual R,JRarcpr~ta!im which is icaptabk in most of our applications. What we will try to i m p v e is thc r e m o f o f t h e chalges which m of high interest in power a p p a lhese charges are reprrsented by a parallel rrp.cim ; it is well known that the charges arc not a linear M o n of thc voltage, which can be intupreted as a variable capacitor. Fonnu studies rhowed tlut a two-state capacitor (C,/C,) charges versus voltage. To

This piecewise linur model fm be owridered as m poor representation of the strong non-lincaritics of red GTor (3). Howeva, it lus the advantage of being dhadly usable in simulators involving otha caqn" madcucd with the ume precision. It is upable of rhoviry the main

  

	phalolll-nktcd	to m c o " u t 8 t i ~

nrchrr currmt tail Ipa and spike voltage v, Thir model (figurc 4) is only qualitative. In order to bcen developed. It will be cxpl8ined in the next reaiolt d e t e r " dl of its pmmetcrr. a rystanatic muhod has PARAMETERS IDENTIFICATION Givm themrmbaof p.r9ncw m the model, a systematic OM. An objaCtive m QUI mcthod is to ibtify each methodisnasdbdtodctcnninememodelpPrmdcrrofthe paranetcr,repaucly 6rom mc OthCzE. so. rpecirl tests to evaluate jimction by jmlaim the vducs of the diffffcnt

  

	p m -

have been developed In this section, these tests and the corresponding parameters iddicatim are detailed. Some of the roughly the same value for a given punetcr. the confidence m the pp.mercn model is incruced But they will Mt be dctribd hac ~xpatnmtrl muhod Carmot be M y extended to gold-parameters um be dctamind by otkrr teste. If urey give ~h c mowing method duls with mod-mos. T ~L dopcd GTOs beuose come parameters m the central junc&mof gold doped mos C " t be munrred from the tenniuab.

WAVEFORMS COMPARED. Fmt. we validate the model at the same point &Osm for

  

the p a "

-on. Then with fued parametar.

  

c e v d sunulat~onr are made at different voltage and current levclr. F i i y .

we compare the experimental and

  

	S	h	red&.	~

For example. a turn-off of

the real GTO and its a m x p o d q simulation are represented in figurer 12 and 13. Figure 12 displays the upcrimentll results obtained attrrmoff wimamnbba.Thicis .chievedat 125 vinplt v01t.g~ md 180 A bad current. The initial dfg/dt is 4ONw. m d h is equal to 7% This can be considaed as a fast turn-off with a aun-off gain of only 2. The snubba is composed of a 1pF capacitor md a 1SR resistor. 'lgnrc 12 : Experlmental turn-off of a GTO