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Fabrication of a Fast Switching Thyristor by Proton Irradiation Method
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Abstract

A fast switching thyristor with a superior trade-off property between the on-state voltage drop and

the turn—off time could be fabricated by the proton irradiation method. After making symmetric

thyristor dies with a voltage rating of 1,600 V from 350 ¢ thickness of 60 Q

- cm NTD-Si wafer and

200 im width of n-base drift layer, the local carrier lifetime control by the proton irradiation was
performed with help of the HI-13 tandem accelerator in China. The thyristor samples -irradiated with

47 MeV proton beam showed a superior trade-off relationship of ViM = 155 V and t, = 15 us

attributed to a very narrow layer of short carrier lifetime(~1 wus) in the middle of its n-base drift

region. To explain the small increase of Vrm, we will introduce the effect of carrier compensation at

the low carrier lifetime region by the diffusion current.
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500 A/1600 V i E AR 4A o) Atolgl 2B &zl ALY G FHFE.

Table 1. Important design and process parameters for a symmetric reverse-blocking(phase control)
thyristor with ratings of 500 A/1,600 V. C; is a surface concentration.

3 = AAANYE TAxA
1 | p-base & p-emitter | X;(p)=75 m, Ci(p)=3 - 10" cm™ Al ¥4, 1250 €, 18hr
2 | Oxide mask thermal oxide 1.2 m 1,180 C, 6417, TCE
3 | n'-emitter Xi(n")= 12 m, C;(n")=2 - 10® cm’ P &4}, 1,150 C, 12 hr
4 | Oxide mask thermal oxide 1.2 m 1,180 T, 6717k, TCE
5 | p'-anode X;i(p)=10 m, Ci(p")=1-10"® cm™ B &4}, 1,180 T, 3hr
6 | Mo attachment 5 mm Al-Si &5 950 T, 30%
7 | Cathode metallization | Al, 2 m E-beam evaporation
. -3 ° for Jo(p-base/n-base junction) . .
8 | Beveling 5 © forJ J1I()r1— base /p+—emiiter) Sand blast & jet etching
9 | Passivation primer: polymide Polymide: 300 C, 10hr
main: silicone rubber Si-rubber:180 C, 18hr
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a symmetric reverse-blocking thyristor
with 1,600 V of Vprv and Veem and (b)
a photograph of manufactured thyristor

die(cathode side).

Fig. 1.
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Fig. 2. Spreading resistance(SR) profile in the
wafer thickness direction for a NTD-Si
wafer after 4.7 MeV proton irradiation
and post-annealing at 350 C.
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43 FE 9. FF Ho|2HH Aid
p-emitter junction, Jo! p-base/n-base junction.
Table 2.

Variation of proton penetration depth measured by SRP method and the equivalent location

of peak defect concentration in the designed thyristor structure with acceleration energy,

comparing the calculated proton energy corresponding to the measured penetration depth.

Proton energy Measured penetration Equivalent location of | Calculated corresponding
[MeV] depth [zm] peak defect concentration| proton energy [MeV]
37 85 Close to the junction J2 2.8
47 170 Middle of N-base 4.3
59 270 Close to the junction Ji 57
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E 3 F4A AHduAed mE Atelglsd

Vrm 2t o ¥sHEL=F 1 x 10"
Jem®).

Table 3. Variation of Vru and t; of sample
thyristors with proton energy in a
dosage of 1 x 10" /cm®
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Fig. 3. Carrier lifetime profile in the designed
thyristor after 4.7 MeV proton irradiation.
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