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SUPPORTING INFORMATION
For “Role of nano amorphous interface in crystallization of Sh>Tes
towards nonvolatile phase change memory: insights from first

principles”

I. Supercell Parameters

Table S1. Lattice parameter of b-Si, b-ST and i-ST

a (A) b (A) c(A) o B Y
b-Si 8528 8528  30.458
b-ST 8528 8528 30458  90° 90° 120°

I-ST 17.3875  8.5943 30.458

@ O] ©

Fig. S1. Structure for (a) b-Si, (b) b-ST and (c) i-ST.

POSCAR Files containing atomic coordinates for b-Si, b-ST, and i-ST
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0.3544723602375370
0.3845605434044127
0.1102110050424378
0.2359672622778541
0.4949048064962346
0.5615546760452556
0.3355786882416154
0.6771637781011827
0.7926575160398164
0.1956437411710801
0.9108073502673629
0.9912756634123029
0.4363655346297557
0.4764931754622635
0.7675470068990492
0.8269451375686656
0.0724499834976806
0.7065200197926259
0.0244023753217305
0.6236887978913481
0.1606035792908868
0.4726560740389646
0.8462958384338199
0.0247119352164253
0.6931801360466301
0.4585668221864255
0.5766762543847048
0.0338387272016007
0.0520660898894244
0.2003810383623526
0.1599215895654212
0.5714256526750801
0.8769513827832705
0.6529860116593210
0.4662900906271049
0.0791853269625949

0.1681838432897856
0.2268612955669737
0.8699229693124811
0.1095228552292793
0.9363397477918951
0.7438370577476868
0.7539468224354946
0.6754343089271009
0.3522199115970801
0.9905849602187262
0.6460837536540401
0.3861115697516493
0.2948851511933208
0.6432368256990123
0.8712817816593148
0.0988649012860792
0.7337672682817847
0.0412547077091275
0.3893329855945530
0.2363075604061079
0.6898663217737092
0.0860510982971121
0.7767974527392438
0.9257195872867686
0.3895430239912192
0.5942546735028041
0.7981328136371829
0.2085170589737163
0.5844736141282958
0.9742343691311032
0.1989835305661768
0.3207659451366901
0.6349262061950924
0.9626960530555253
0.5526721125573528
0.0015379809226313
0.1346449318981505
0.9218327805598558
0.2398398677637356
0.8636509251099718
0.6929008125580750
0.0768380500371451
0.4806638000817507
0.1421391859107386



0.6383821466155953
0.8636006484150248
0.5304495144005456
0.7805385905647313
0.9057651914835561
0.9749844716622955
0.7151999507421432
0.9038833860793529
0.7075684213543135
0.7261730832959934
0.9681573202289395
0.9098075799657924
0.5091729403865463
0.6492583288778583
0.0196334143453487
0.7933939404310113
0.7538311182977393
0.4826525773975908
0.8549474577549273
0.6022245352584225
0.8360625737396126
0.8667180219237398
0.9760985146168596
0.7759190842743180
0.8937509188768173
0.5506316017218613
0.6672302106893651
0.7517223910812076
0.0734406378466709

0.4974036426810427
0.9468108680099784
0.7331518174603457
0.1861691968983433
0.1612193426503850
0.5427103301748890
0.0459810445942690
0.4938096923580046
0.0991840830019921
0.2385614640851692
0.1755183233163009
0.5377620753928593
0.9245176544903366
0.9040739891158863
0.0378701446964947
0.2433779627454965
0.4023713394880253
0.3718482642935206
0.7073477645683357
0.7652325195694095
0.9039786279223874
0.1739615655389772
0.1830674457498093
0.6613641157162105
0.5695215521899286
0.7417885595655124
0.3661688293233990
0.7348856715570131
0.9356785202888999

0.3554604350782849
0.1151035787133046
0.0245835283304107
0.5640372698258423
0.6289585903274693
0.8506863813700087
0.9776739164870546
0.3735192930341535
0.3302673108583601
0.4725736171941071
0.8950017442624909
0.1706941028521618
0.5122637219165627
0.7979675101361550
0.5359769810055205
0.0580838801078144
0.7473822603724901
0.2080730975747623
0.4493370340176474
0.9007066950971018
0.8244611782688029
0.4552648450876255
0.7586306008599688
0.0019478039059045
0.2654686212620270
0.4299711855728793
0.2646108561096584
0.5332213998650563
0.6681631946128685

I1. No Magnetism for b-Si, b-ST and i-ST

We check the magnetic property of b-Si, b-ST and i-ST with spin calculation. As a
result, the calculated magnetic moment of b-Si, b-ST and i-ST are all very small and
are only -0.000005, -0.000012 and -0.000002 ps/atom, respectively, us is for Bohr
magneton here. In other words, the magnetism of b-Si, b-ST and i-ST can be

neglected. Thus, the non-spin calculations in the main text are reasonable.



I11. Definition of “Degree of Crystallization”

Our “degree of crystallization” is obtained on the base of the pair correlation
functions (PCF) during the 36-ps crystallization of i-ST and b-ST. Here, we take b-ST
as an example. First, we calculate every PCF averaged by 1000 steps for a special
time stage, for example, the PCF at 12 ps is collected from 9~12 ps (1000 steps).
Second, we choose the referenced distance at peaks and valleys in the PCF at final
stage (36ps), shown by dash line in Fig. S2. Third, we calculate the average difference
of |g(t) — g(Ops)| at these referenced distances. Finally, normalization is based on the

maximum (24 ps at b-ST) to watch the crystallization degree.

3 b-STPCF __ops
—12ps
—18ps
,:2 i : —36:;5
>
1¢
0 % R
2 4 8 10

6
rlA
Fig. S2. PCF of b-ST during the 36-ps crystallization. The peaks (blue dash line) and

valleys (red dash line) are the referenced distance for degree of crystallization.

V. Amorphous Sh,Tes Stability from Energetics

Fig. S3 displays the relative Helmholtz free energies extracted from 300K NVT
AIMDs for the amorphous SbhoTes models with/without interface pinning in the main
text. It is clearly demonstrated that the Helmholtz free energy of interface amorphous
ShoTesis lower than that of bulk amorphous SboTes. In other words, from energetics

viewpoint, interface system can really enhance the stability of the amorphous Sbh;Tes.
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Fig. S3. Comparison of relative Helmholtz free energy at 300 K for different
amorphous SbhoTes models in the main text: b-ST and i-ST. In the calculations of the
interface model (parallel to c axis), the free energy of the part for Si has been

subtracted according to that of bulk amorphous Si at 300 K.

V. Bond Angle Distribution of Si
Bulk amorphous Si (b-Si) is also obtained by the AIMD method. Fig. S4 shows bond
angle distribution of Si in i-ST and b-Si, inset is the coordination number distribution.

In both cases, Si displays the robust sp® bonding characteristic.

3.4 ,
= — ST \ 109.5°
= Qi ! )
3 — b-Si
— X
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‘.3 Cogrdinati?m Nun?ber '

D 0.0 P i L o 1

PR T Y
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Bond Angle /deg.

Fig. S4. Bond angle distribution and coordination number of Si in bulk amorphous Si

(b-Si) and interface amorphous (i-ST) model.
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V1. Electron Localization Function

As already stated in the main article, the electron localization degree of ShyTes
increases in i-ST according to the distribution of ELF=0.92. This conclusion remains
valid if we select other high ELF values. Fig. S5 shows distribution of ELF=0.88 and
ELF=0.9. Moreover, the distributions of the highly localized electrons also indicate in

the form of a lone pair.

Fig. S5. Electron localization function of amorphous i-ST and b-ST, green area stands

for the isosurface of (a) ELF=0.88 and (b) ELF=0.9.

VI11. Model Effect: Different Interface Orientation

Compared to the original Sh.Tes interface model [which is parallel to the ¢ axis in the
main text, i-ST (//c)], another interface model [which is vertical to ¢ axis in Fig. S6,
i-ST (Lc)] displays less distortion of Te local environment with the bond angle
distribution closer to the bulk characteristic 90< In fact, the “i-ST (_Lc)” model has
shown a certain degree of crystallization according to one of the partial pair
corresponding function. In other words, the interface-pinning effect on the amorphous
stability of SboTesdepends on the interface orientation, i.e. the interface i-ST (//c) in

the main text has much significant effects.
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Fig. S6. (a) The new calculated structural model of the interface at 300 K which is

vertical to ¢ axis [i-ST (_Lc)]. In order to compare the one which is parallel to ¢ axis in

the main text [i-ST (//¢)], (b) the bond angle distribution (BAD) around Te and (c) the

pair corresponding function (PCF) of Sb-Sb are shown. Black dashed line in (b)

highlights the prevailing bond angle of 90 <for bulk Sh,Tes.

VII1I. Pseudopotential Information

Below are the information of the pseudopotentials for Si, Sb, and Te used in VASP

code for the present studies.

Si:
PAW_GGA Si 05Jan2001
4.00000000000000000
parameters from PSCTR are:
VRHFIN =Si: s2p2
LEXCH =91
EATOM = 103.3076 eV, 7.5929 Ry
TITEL = PAW_GGA Si 05Jan2001

LULTRA = F use ultrasoft PP ?

IUNSCR = 1 unscreen: 0-lin 1-nonlin 2-no

RPACOR = 1.500 partial core radius

POMASS = 28.085; ZVAL = 4.000 mass and valenz
RCORE = 1.900 outmost cutoff radius

RWIGS = 2.480; RWIGS = 1.312 wigner-seitz radius (au A)

ENMAX = 245435, ENMIN = 184.076 eV
ICORE = 2 local potential
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LCOR = T  correct aug charges

LPAW = T paw PP
EAUG = 322.069
DEXC = -.001
RMAX = 2.943 core radius for proj-oper
RAUG = 1.300 factor for augmentation sphere
RDEP = 1.993 core radius for depl-charge
QCUT = -4.247;,QGAM = 8.494 optimization parameters
Sh:
PAW_GGA Sbh 04May1998
5.00000000000000000

parameters from PSCTR are:
VRHFIN =Sb: s2p3

LEXCH =91
EATOM = 150.2811eV, 11.0454 Ry
TITEL =PAW_GGA Sb 04May1998
LULTRA = F use ultrasoft PP ?
IUNSCR = 1 unscreen: 0-lin 1-nonlin 2-no
RPACOR = 2.200 partial core radius
POMASS = 121.750; ZVAL = 5.000 mass and valenz
RCORE = 2.300 outmost cutoff radius
RWIGS = 2.980; RWIGS = 1.577 wigner-seitz radius (au A)
ENMAX = 172.100; ENMIN = 129.075eV
ICORE = 3 local potential
LCOR = T correct aug charges
LPAW = T paw PP
EAUG = 380.513
DEXC = -.365
RMAX = 3.515 core radius for proj-oper
RAUG = 1.300 factor for augmentation sphere
RDEP = 2.360 core radius for depl-charge
QCUT = -3557;QGAM = 7.113 optimization parameters

Te:

PAW_GGA Te 07Sep2001

6.00000000000000000

parameters from PSCTR are:
VRHFIN =Te: s2p4

LEXCH =91

EATOM = 223.6630eV, 16.4388 Ry
TITEL =PAW_GGA Te 07Sep2001
LULTRA= F use ultrasoft PP ?

IUNSCR = 1 unscreen: 0-lin 1-nonlin 2-no
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RPACOR = 2.200 partial core radius

POMASS = 127.600; ZVAL = 6.000 mass and valenz
RCORE = 2.300 outmost cutoff radius

RWIGS = 2.900; RWIGS = 1.535 wigner-seitz radius (au A)
ENMAX = 174.996; ENMIN = 131.247eV

ICORE = 3 local potential

LCOR = T correct aug charges

LPAW = T paw PP

EAUG = 368.792

DEXC = -121

RMAX = 3.485 core radius for proj-oper

RAUG = 1.300 factor for augmentation sphere

RDEP = 2.397 radius for radial grids

QCUT = -3.586; QGAM = 7.173 optimization parameters
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