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Minority carrier l-if.e tiure is an important parameter for many devices, especially for switching

devices. A standard life time control- process is gold diffuslon method. The maln disadvantages for

the use of gol-d in life time control are (1) increase of the resistivity of silicon substrate and

(2) strong temperature dependence of minority carrier life time. These effects are due to the fact

that gol-d forms a donor center and an acceptor center in p-type and n-type sil-icon, resPectively'

and each center is coulomb attractive to minority carriers. Since the capture cross sections for

coulomb attractive centers are proportional- to T-2n, T-4 and these for electrically neutral centers

"r. 
T0* T-1, *e expect a much less temperature dependence for the l-ife time determined by neutral

centers than by coulomb attractive centers.l) fa is generally accepted that iron forms only donor

?\
levelst/ and those disadvantages stated above are expected to be removed by doping lron instead of

goJ_d into n-type sil-icon. In the present paper a ner^r rnethod is suggested to introduce iron into

sil-icon swltching devices by naking use of ion implantation method.

In order to study hole life time in n-type sil-icon we fabricat"d p+-n diodes by the usual planar

process. We used phosphorous-doped wafers of 60 'r, 80 ohm-cm resistivity. Iron ions were impl-anted

from the back surface at 100 Kev which corresponds to a projected ranEle of 1300 A. The dose of iron

and the anneal temperature varied fron 1 * 1010 to l- x tO15 
"t-2 

and from 900 to l-200oc, respec-

ti_vely. The hole life time is plotted versus iron dose in Fig. 1 with anneal temPerature as a

parameter. The hole l-ife time decreases with lncreasing iron dose and/or rising temPerature in a

lower dose range. It exhibits compJ-ex behavior in a higher dose range which is presumably due to

the formation of amorphous layer at the iron implanted region. The temperature dependence of hole

life time i-s shown in Fig. 2 with iron dose as a parameter. By choosing suitable iron dose, the

hole l-ife time shows a quite weak temperature dependence. The resistivity of p-tyPe and n-type

silicon after el.ther gold or iron inplantation and diffusion was measured by two-Point probe

spreading resistance method and the resul-ts are shown in Fig. 3(a) and (b), respectively. The

resistivity of both p-type and n-type silicon increased by gold diffusion. On the contrary' no

changes of the resistivity were observed in n-type silicon and the increase and anomalous depth

profil-e of it was first observed in p-type silicon diffused with iron. It can be concluded from

these resuLts that implanted iron forms donor centers in silicon.

The'deep impurity levels introduced by iron implantation were determined by deep l-evel transient

spectroscopy(DlTS).3) fypi""l DLTS spectra of p+-n diodes implanted with iron ate shown in Fig. 4.

Tvo majority traps, E.| and E", and one minority trap , Hr, rilere observed under majority- and,IZ'I

mi.nority carrier pulses. The energy l-evels and the capture cross sections of these traps were de-

ternined to be E--0,27, E--o.58, E {o.30 ev, 4.zxto-l9, 2,5x10-16 and 4.2*t0-16.r2, ,."n.ctive1y.c'c'v
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The concentratlons of E, and H, depend strongly upon the iron dose and the anneal temperature.

They are correlated with the hole life tine and in inverseLy proportional relation. E, and Ht

LeveLs may originate from the inplanted iron and the damage introduced by the iron lmplantation'

respectiveLy.

This ne!.r method has been applied to gate controlled switches(GCSrs). The forward-voltage drop

across the iron-doped GCS's lncreased with temperature rise, whlch is contrary to the characteris-

tic of conventional gold-doped GCSfs, as shown in Fig. 5. This behavior makes lt posslbLe to

operate the new GCSrs in paralJ-el- without certaln precaution, since current flowing the GCSrs

decreases with temperature rise. Fig. 5 shows the temperature dependence of gate trlgger current

of the new GCSrs ls weak compared ,lrith that of conventional GCSts. l4oreover, the temperature

coefficient of the turn-off gain of the new GCSrs is half as much as that of conventionaL GCsfs

and the new devices can satisfactorlLy operate at higher Junction temperatures. In conclusion,

the iron l-mplantation method is very suitable to be applied to switching devices.
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