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Light Absorption Properties of Microstructured Silicon

Chen Changshui He Huili Wang Fang Guo Banghong Liu Songhao

(School of Information and Optoelectronic Science and Engineering . South China Normal University, Guangzhouw

Guangdong 510631, China)

Abstract Black silicon with quasi-regular arrays of micrometer-sized spikes, which is obtained by irradiating the
surface of a Si wafer with ultrafast laser pulses in the presence of a chalcogen-bearing gas, or prepared by ion
implantation and pulsed-laser-melting-induced rapid solidification. This new material has unusual optical and electrical
properties, such as strong absorption of light with wavelength between 0. 25 pm and 17 pm, nice field emission
characteristics and so on, offers silicon many new features. Taking chalcogen as example, the enhancement of light
absorption of the microstructured silicon is analyzed under four-level model. A detailed study on the relationship
between the light loss and the ionization energy of doped impurities in silicon with two different impurity bands.
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Fig. 1 Four-level model of silicon after the

introduction of two impurity
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Fig. 2 Impurity bands in silicon band gap introduced

by doping with sulfur
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by doping with selenium
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Table 1 Sunlight loss for silicon introduced with two energy levels of sulfur and selenium

Doped Se’ Se® Se; Seb Sel (X))  Sel(Xy)  Sel (X;) Sel (X,)
modality (0. 307) (0.593) (0.390) (0.206) (0.116) (0.094) (0.053) (0.214)
S°(0.318) 0. 3685 0. 3376 0. 3434 0. 3601 0. 3610 0. 3627 0. 3667 0. 3608
ST(0.614) 0. 3367 0. 3634 0. 3401 0.3334 0. 3447 0.3493 0. 3574 0. 3338
S5 (0. 188) 0.3639 0. 3344 0. 3362 0.3911 0.3933 0. 3934 0. 3949 0. 3896
S, (0.371D) 0.3478 0. 3389 0.3573 0.3421 0. 3443 0.3463 0. 3513 0. 3427
S (x;) (0. 11D 0. 3659 0. 3476 0. 3402 0. 3887 0.4393 0.4432 0.4430 0. 3876
Si(x,)(0.092) 0.3674 0. 3517 0.3421 0. 3891 0.4388 0. 4550 0.4562 0. 3881
S (x4) (0. 0806) 0. 3684 0.3555 0.3433 0. 3895 0.4386 0. 4547 0.4643 0. 3885
S (x5) (0. 0565) 0. 3707 0. 3633 0. 3483 0. 3906 0.4387 0. 4545 0.4818 0. 3898
SI(x1)(0. 248) 0. 3688 0. 3368 0.3399 0. 3846 0. 3826 0. 3835 0. 3862 0. 3854
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Table 2 Sunlight loss for silicon introduced with two energy levels of sulfur and tellurium
Doped Te" Te'! Te) Tel (X)) Tel(X,) Tel(Xy) Tel(X,) Tel (X;)
modality (0.199) (0.41D) (0.158) (0.127) (0.110) (0.093) (0.073) (0.065)
S°(0.318) 0. 3595 0. 3386 0. 3590 0. 3602 0. 3614 0. 3629 0. 3647 0. 3655
ST (0.614) 0. 3331 0. 3430 0. 3369 0.3423 0.3463 0. 3496 0. 3532 0. 3549
S5 (0. 188) 0.3924 0. 3319 0. 3944 0.3933 0.3933 0. 3935 0. 3941 0. 3944
S;(0.371D) 0.3416 0.3478 0. 3417 0.3433 0. 3448 0. 3465 0. 3485 0. 3494
S (x)(0.11) 0.3897 0. 3366 0.4099 0.4309 / 0.4432 0.4429 0.4429
SI (x2)(0.092) 0. 3900 0. 3393 0.4099 0.4305 0.4431 / 0.4563 0.4562
SJ (x,) (0. 0806) 0. 3904 0. 3417 0.4100 0.4304 0. 4430 0. 4557 0. 4645 0. 4644
ST (%) (0. 0565) 0.3915 0. 3475 0.4106 0.4306 0. 4430 0. 4556 0.4700 0.4758
S (x0) (0. 248) 0. 3841 0. 3359 0. 3822 0. 3822 0. 3828 0. 3836 0. 3847 0. 3853
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Table 3 Sunlight loss for silicon introduced with two energy levels of selenium and tellurium

Doped Se’ Se ™" Sey Se) Sel (X;) Sel (X,) Sel (X;) Sel (X,)
modality (0.307) (0.593) (0.390) (0.206) (0.116) (0.094) (0.053) (0.214)

Te’ (0.199) 0. 3646 0.3341 0. 3367 0. 3920 0. 3896 0. 3900 0. 3916 0.3905
Te' (0.411) 0.3379 0.3428 0. 3512 0. 3332 0. 3360 0. 3389 0. 3484 0.3337
Tey (0. 158) 0.3637 0. 3384 0. 3366 0. 3893 0.4100 0.4098 0.4107 0. 3880
Tel (X,)(0.127) 0. 3648 0. 3439 0. 3385 0. 3886 0.4311 0.4305 0.4307 0. 3874
Tel (X;)(0.110) 0. 3659 0. 3476 0. 3402 0. 3887 0.4393 0.4432 0.4430 0. 3876
Tel (X5)(0.093) 0.3673 0. 3515 0. 3420 0. 3891 0.4388 / 0.4556 0. 3881
Tel (X,)(0.073) 0. 3691 0. 3585 0. 3448 0. 3898 0.4386 0.4546 0.4700 0. 3889
Tel (X;5) (0. 065) 0. 3699 0. 3616 0. 3464 0. 3902 0.4386 0.4545 0.4758 0. 3893
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