Supplementary Materials: Numerical algorithm implementing the conservative form of the nTTM model.

- 2 — 2
F,.=0.32 Jem? F,,_=0.151 J/icm

F.. = 0.32 Jlem® F, = 0.151 Jicm®

800
4 800 T K
ot m ah
£ e 30000
C600 1.4E+27 26000
- 1.26+27 ‘:_500 22000
"-C-" 1E+27 18000
[} E=1
@400 E+26 Q. 14000
o e2s 2400 10000
E+26 6000
200 2000
0
0 4 6
Time, ps 4 6
Time, ps
(a) (b) ,
— 2 — 2 — 2 — 2
F..=5.0J/lcm®, F = 0.406 Jicm F..=5.0Jcm’, F, =0.406 Jlcm
800 -3 Te_n' K
e 47000
EGUU 14E+27 EGDU 41000
& 126427 . 35000
B 127 S 29000
Q400 BE+26 @400 23000
o pE+26 O - 17000
4E+26 11000
200 200 5000
00 _|4 6 10 4 6
Ime, ps Time, ps
(c) (d)
- 2 —_ 2 _ 2 _ 2
F..=0.29J/cm”, F,  =0.119 Jlcm F..=0.29 Jiom® F__=0.119 Jlcm
3 Te), K
30000
= 26000
22000
| 18000
14000
10000
6000
2000

0

(e)

4 6
Time, ps

%

(f)

4 6
Time, ps

Figure S1. (a) Spatial-temporal field of the free carriers” density and (b) the free carriers’ temperature
evolutions inside the c-Si upon 270 fs pulse irradiation at 800 nm with the incident fluence of 0.32
J/em?2. The (c) Spatial-temporal field of the free carriers’ density and (d) of the free carriers’ temper-
ature evolutions inside the c-Si target after irradiation with a 270 fs pulse at a wavelength of 800 nm
and the incident fluence of 5.0 J/cm?. (e) Spatial-temporal field of the free carriers’ density and (f) of
the free carriers’ temperature evolutions inside the porous (33% by volume) Si target after irradia-
tion with a 270 fs pulse at a wavelength of 800 nm with the incident fluence of 0.29 J/cm?. In all
pictures the laser pulse is directed from the bottom. The dotted line in (c) and (d) indicates the solid-
liquid interface. Additional macroscopic data evolution (the electron-hole temperature and the den-
sity of free carriers), obtained during the simulation procedure is given in supplementary section.

As it was described in Ref. [64], the conservative form of the nTTM model gives the most ac-
curate results and applicable on a wide range of the energy input (fluence). In order to account on
the dynamically changing density of the material due to the process of extension, compression,
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ablation, or merely presence of pores, the following scheme of the nTTM model solution can be
proposed. We Consider the change of materials density in each cell i by introducing the multiplier
of the relative den51ty , where oo is the initial average density of the sample. The algorithm can be

presented as the followmg steps:

Give the initial values of Ne, Teat the grid points i = 1 : N+1 (see below). It is also convenient to
have the values of Fs(1.) tabulated.
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Calculate Fi2(1e) and Fiz2(nn) from: N, = 2[ ] Fi/2(n.) and N, = 2[ - ] Fi/2(Mp)

Determine the reduced chemical potential value 7. from the tabulated data of F; /,(7.). The values
of Fy/, for the electrons and holes are uniquely connected via their reduced mass (see (2)).

Determine the rest of functions: F_; /,(n¢), Fo(Me), F1(¢), F3/2(,) and the corresponding Het(ne).
Repeat 4) for holes Fq 5 (1)

It is of common practice to have the values of N. and T. determined at the grid points and the first
derivatives of them (and everything related to fluxes ] and W) are at the cells’ borders:
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Calculate D, [, W: j=1, N
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we use the weighted averaging here between i and i+1 cells

-1
vn +—[Hf{§2(ne)+Hf{§2(nn)] VEg +

(
=)
k

n
T_{ [H (ne)-+Hg G /[Hzl(ne)+H21(nh)] }VTe
Nip1 — Ny Ni+1/2 1/2 Eg,i+1 _ Eg,i
_ L Az kae,i+1/2[ —1/2(’7e L+1/2)+H_1/2(7']h 1+1/2)] T+
= Nit1/2 T T,
Teti++1/2 {Z[Hé (Meis1/2)+Ho (nh,i+1/2)]/[Hi/12/2 (ne,i+1/2)+Hi/12/2 (Uh,i+1/2)] B E} %)

Wi ={Egis1/2 + 2k ei+1/2[1‘13(7]e i+1/2) HS (Mniea2) |V,

Pi+1
po T Pirt Po Teiv1 —Te,
- (ke + kh)

PitPiv1 Az

Find the deposited energy solving:
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with modified Euler method:
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for the first cell and:

Apply I1(t) = I, \f
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8) Perform calculations for new Ne:
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9) Calculate Ce:
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10) Calculate new Ue:
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11) The equation for lattice temperature Ti can be solved as the following;:
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12) Solve: U,_p(n,T,) = n{Eg + %kae [H13//22 (176,)4—Hf’//22 (nh)]} as a transcendent equation subject to
new value of temperature Te. The necessary date can be preliminary tabulated.

First, we find new value for the energy gap: ES*4¢(nf*, TL, TS F4*

Then:
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Reorganizing this expression, we arrive to the one, which can be solved with respect to new values
of 5t from the tabulated data:
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13) Extract new value for 554t
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Overwrite the arrays of temperature: Te[1:N+1] = Tee*[1:N+1]

Repeat the steps 6) - 15) until reaching the required length of simulation.



