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A-2-9 Novel Cate structure For High voltage Light― Triggered TttristOr

H. Ohashi, T. Tsukakoshi, To ogura and Yo Yamaguchi

Toshiba Research and Development center
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A light― triggered thyristor intended fOr high― voltage power conversion application

such as high voltage direct current (HVDC) transmissiOn, has  been recieving much

attention as a new switching deviceo  specifically indispensable to HvDC applications

are suFFiciently high di/dt and dv/dt capabilities, which should be realized consistent―

ly with high light― triggering sensitivityo  Previous authors have tried to solve thes.e

problems either using high power lightさ 記J4)          (5)～ (7)e,or with a auxlliary thyristOr whose rated

junction temperature is reduced for better design trade― off.  There have been no

atempts to fire a high power thyristor directly with a commercially availab■ e light

emitting diode tLED).  The Subject of this paper is a novel gate structure For high

power directly light― tr■ ggered thyristor, which is easily fired with a light― tr■ ggering

system consisting of commercially available LED and optical Fibers。

High― voltage light sensitive pilot thyristor (VDRⅣ
I=4kV)With multi―stage amplifying

gate were examined to satisFy the above mentioned requirements.  The pilot thyristor

dhown in Fig.1 (Category―A) is one OF the conventiOnal light― triggered thyristor, where

p‐base surrace is illuminated by the light signalo  The structures´  shown in Fig.2

(CategOry-3) and Fig。 ぅ (Category_c) are of new■ y developed high― voltage light sensitivel・

pllot thyristor8。   The Category_B is ■ntended to greatly improve light sens■ tiv■ ty,

satisFying suFFiciently high av/dt capability for high― vOltage application requirement饉 .

The category― c structure was deve■ oped in oraer t。  .mprove di/dt capability of the

Category― B structure.

The key Features oF the category_c structure are its light― sensitive area surface,

consisting oF a central p―base portion, and its surrounding stepwise deep difFused

n‐ emittero  Figure 4 ShOWS minimum ■ight― tr■ ggering power(が VS・  the ratio of the

central p―base pOrtion to light― signal flux radius R2/ro  As is evident From the Figure,

rather long in■ tial turn― on length can be obta■ned by making R2/r ratio around the
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value from 0.5 to 0.5, provid.ing high d,i/df capability and keeping almost the same high

light sensitivity as the Category-3 unit (Rr/r = 0).

Another inportant factor contributi"ng to good trade-off solution between dv/dt

capahility and light sensitivity, ie optiurization of antj--reflection fi-1m (Si0) width

and removed. silicon depth of light-sensitive area. The effects of removed silieon depth

Xoff on quantun efficiency \ r are illustrated in fig.!. The quantun efficiency is

measured with a rather unique method proposetl. by the authors. Rapid increase in r{ with

rerooved. n-emitter depth is explained by introd.ucing a free-carrier absorption effect, in

addition to intrinsic absorption of silicon. As a result of the above rnentioned precise

investigations, nore than lA/o to 75To quantun efficiency is achieved.

Figure 5 shows experimental and calculated results betveen Q" ana av/at aapability

at T.=I25oC and at Yr= Rated blocking voltage ({kV) for eaeh structure Category. As

shovn in the figure, Category-C light sensitivi.ty is more lhan j times larger than

that of Category-A under the same av/At capability condition.

A 4kV-1.lkA directly light-triggered thyristo:r uas developed using Category-C as a

first pilot thyristor for a newly developed mu1t1-stage anplifying gate. llhe above

nentionecl inp:oovement resuLtect 1n excellent overall characteristics of d=2.lmW under

worst case condition, nore tlnan 2JOL/ps a:./at capability at 2kV, and L.lkV/ps av/at

capability at JkY, both at Tj=125oC. Sesides, it should be enphasized that this unit

waa. safely light-triggerecl fron dkV fuIl bLocking voltager by triggerlng device cons.ist-

ing of a comrnercialLy availabJ.e single LED, fed. with ]anp.XJ0ps current pulse, a^nd a 7-

meter long, Jmm d.iameter bunclle light guid-e.

All of these results encoulag'e near future application of
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