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TAYIUHTE H Fol¥el
WA gar |l: a§ 2013 & Hrield, Peak Perf. 529.4 TFlop/s, ST 2013 & 69aTl ¥, 24500

WH AT : FATel a¥ 2008-2012, Peak Perf. 54 TFlop/s, sidsX 2008 # 69d7 Y, 24500
A 10000 : T=melel a¥ 1998-2005,Peak Perf. 100 GFlop/s

T RA AT JIAT (TANTHTE) A-SF f TATAT § AR 3ol HaTH
Shegfear (Tadie) # ITEUE g faarg & &89 # @S o ¥ s qHAT dw fev
AT gAH T GROMA §1 AT AR va qHU HEAE & dAAS ITANTRAT
e & fav dcayfAs yede wegfear gunferdt vd @@t # dlua & fav
TS A R giaer w1 aRfAae=r 1998 & -3, qor & fohar aram o
drfer 2T 7 3o QT YUMTRAT o SR H Sflefed, 3efoh 3UANRT el AR TIURAT SIRTERAT
FI FeT H FgIdr Ad |

TS WA GG giaer 1 A 10000, RA JaT Td RA Jar || =A1H®
FURHTY[E Ugell o AR H FACR T [aaxor wishar sieaifaiirat & Arererer foram
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-

T TafArse gomelr # 160 €y g1 & 3R @8 100
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&l T fohar I
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ol
C ‘!5'3
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:L " -

T | G§-N/E doheilsh & T TIUIET F g & TS & GHFET Eol & HH H WA

JaT & Seoldel TohdT TAT| T Seold HEROT A JaT || HEelrdr AR SHHT YR R
A ool guRepegeRl H1 gfAfSsd A @eli3it & wdleTad ufgde # wialdr 2013 7 R

IAT| RA AT |l 3197 FTJEIT GIaX Sl IIcd FT & AT Intel Xeon & FTY Intel Xeon
Phi & HATSe & & # ugell vadieh yonfordi & & weh §1 56 YHRS & WY, 6Ra A
-3k o Tgell ITEYT T A TEAT & 3T S8 500 TF ASerels 1 ar faam|

fafdea  feafacaemi, 3mamsd @k 3=
I UG faehrH HEAT & SUAETRATAT
TANTHTG ' Hegfear HHTHAT I JIod el &
T TSET AT Sead F Y Tag AE@IHIAT
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& CfFeTohel TMhfolue ThiH & ATCTH & T ¢l

g% g, &I 3aveh (Tavafdcarerd/aey=1/2MY vd faerg # Hehd Heed/ dlicien)

iFThel Tihfote TR & 9 H ATH T HLAT &, MRl 3797 STH/IgAEAT & iy

TAYUHTEG FEYAT R ITARTRAT THISE 9T Thl § adT 9T MY H & o Fegfear

AT & 39INET R HhdT & FHAT 3YAETHRAT 390 Gl npsfhelp@cdac.in W &
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IRAT B
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221 deféar )
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eq 500 g HePX H ITaad I giifer fohar aram: 69 St
2013 &, €I500 http://www.top500.0rg ]
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gHET # a¥ 2016 - 2017

WA JaT || SYANThcl FHET & [T THATGh & & 1f5d, TANTATD deiliateh SUGRThdl BRHA
(TATHETR) T AR

2016

TANTHTS 3UANThdl FHe AR TANTarsd [@es goimds & fav
AT HY Tl & 3290 § WA a1 || 3TANRThT FH & v
NPSF Scientific User Community Forum(NSCF) dicel &1 23
AS 2016 F1 YR har |

WA gar || FiFeH o 4 ST 2016 &I a1 |t g9/ (2, 00,000) Sife
1 SraHer qot |

IH gar I B¥ca ' 18/06/2016 =& 12:00 & 21/06/2016 FHr
17:05 e 3TeT&T0T # @1 I1AT| He[R&T0T & R feet arfafaferr
$r TS:
= HPE StoreAll storage system (9& JaT Il §1& TRaT
TERST) # gISAW e, T FATUT fohar I

= A Far |l $hege Hist &1 BIOS 3193
= NFS & @& & @19 AAN 7= &1 g fhar arm B

1024 ®RT W A Far || Reed & e 3rmeeta & & fsaes
& fow @8, qor & AT SAC (ISRO), 3gHcmEG & 3 asig
FEART IRASTAT Hholdqder qoi|

TANUHTS 7 91aX I HERAECH H 3Admel a3 & HRol
A JaT |l FereX 15 P (22:52 &) F 18 39TEA (17.30 &)
deh 3TeIReToT H T

& dTel AT H 937 TC&IT H FR (512 & 1024) Sl&T @ @SS
A & foIT TH a5 @sargsd queue BURSTq &I 9 R&dsR 2016
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2017

I FEIA fhar T S & faT 512 & e 3R 1024 wR @
S HfUSaA 17:55:00 aTeT CISHA Sl FATC AT ATl F A &
foram ST 58 Fg & IRET & 997 SAler & NAET & Hehr Fgriar
e

WA gar || aif¥eh ROlE, faed a¥ 2015-2016 & G Hd&hor 1
ST, gHd EXTNY, FIPRT AR, qo7 earT oy fead & 3rae |
faarer=T foham | oA gar 1l & e dEor RAiE 1 wediraes
& 2aRT W-Sh #TST AT Tell T Aee @ dIR Fohar arm|

TANTHTS H qre] 3T AR & graX [aheldl & HROT WA
gar Il se¥el 9 HFgR 16 (17:19) & 10 3FgsR (18:07) T
L RE3 o_'rgT qT|

TANTHTS &H HeEdl o UFed, W-Swh, g @Rl Huifad PG-
DHPSA (Post Graduate Diploma in HPC System Administration)
STHA & OEl & AU taddr [feA yaus 8 g6fad o g4
& IS fhe 3R carear Gul

fedier 27 Sietadl, 2017 & F. foem T & " @SR g
Caetelloll  (MIMSEAEY ), qo # egrea=  fam| damsdd, qor @
MHIUT W IE ATEAT G [Fhd FRIGH & Feddid far arm
qr|

T oA fGaw TaARIE & Uah HI9T & &9 H, 28 wadr 2017
P -3 H, TAUTHTE EH of Uk HIhA & gfadrear $r ik
WH T || & wefaa afafafat # gefdia fmar qor 3t 78 o
3-8 & el 8 aemster 1500 (fafdest swrersir 3R fagmedr &
OF) 3ETceh $oT cehoilel FAT &1 3Hleie 300 AR A Jar || H
A |
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23-26 A 2017 & SRI=T INSHTSE HAYR SaRT AT Techkriti
173 1T & & H HAOWSET Seoid WeTH Shegfcar Tiadiardr &
forT ot gar || segfder dares fow vy

11 AT 2017 @ 41 98,08, T@ERA & Flelsl 3 AR qor
& "Network System Administration and Security (NSAS)" @ Tsh

ATdlg & 3feddlioles JTRIETUT SshdA H "Setup and handling of
IT infrastructure in DC" YT W 3MART careaT Ru|
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A a1 || Jol a1d
) a

Fel HYEX A5 290 (221 A3, WA Far |l FT + Fo WA = A15) 60 PR & AY
Intel Xeon Phi 5110P, Si¥ & caleh &S Ui Foge s,
50 3YeT AT IAMiateh TANeT/ TS RAT/ZTHOI HI ST FAT IR

YR dYgelCx

JqFerey 1 geol G fOEeH R2000GZ &l 221 1S Fol€el dum

Dual socket Intel Xeon E5 2670 (Sandy Bridge) &R 9fd
g TS CPU &R 9fa dArhe, 2.6 GHz

ar Intel Xeon Phi 5110P 9fa =g

Infiniband FDR gelshaide
femrsier: TESTp, FDRp, BIGJOBp, MICp, SDSp

FAFeIEN 2 60+ nodes cluster of HP Proliant DL580 G5

d2uT @Y # Quad socket Intel Xeon X7350 W& wfad s
IR CPU &R 9fd @he, 2.93 GHz

ATcH setaae: PARAMNet3, Infiniband DDR

fastrstel: DDRp

3qFeF 3 Supermicro SuperServer 1027GR-TRF &T IR I8 Fol€cl
dar |1 H Dual socket Intel Xeon E5 2650 (Sandy Bridge)
WaE gfa Az

33 CPU &R 9fd dmehe, 2.6 GHz

ar NVIDIA GPU Tesla M2090 gfa ai1s,

Infiniband & FDR scidhaac

fassteT: GPUp
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3qeel¥cY 4 Supermicro 4U AMD SR5690 SMP server a2m arg #

64 cores Quad socket AMD Opteron 6276 9EX
Sixteen CPU &R wfd @mhe, 2.3 GHz

512 GBytes Y&

faeTrster. (& @y I fomar g3 GPUp

ST HPC Scratch area with 10 GB/s write bandwidth over Parallel File
System

Refraser IR g TRam:
100TB 39 400TB (Ffa

A

el mfeer faweA: CentOS v6.2, Kernel v2.6.32-220
g FoFel TESA XE 2013

g Foltel TEf3A XE 2015
dIoi3s Foreex faera fohe

3T File formats, data bases 3R math & foT asaRar 3R aFea®
Aifde faaesT / FaicH SR, uifdes  Arsfelr, J3mss
SIIATTAFH, FellsHe Aisfelar 3R Afhe AeeRE 3R TREH
goffeafier &1 e #8 3T & faw #3 s 3rgorier

ForeeY faeTSer AT & Tdedl # GuR & faw fhar o g
ferrerer 3 FAR-

O AT || FETEAT T HACHT FHgE A dieT 4T g, 5 AAret=l & §9 F S S
g1 drfelehr 4.2 fasTrstel 3R 1A GEJT e & AT 37 AR AGRIAOT HI ARIL
g2lTar g
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dTfeIshT 4.2: WA FaT || W FHdART R FIHSTA HT AR

ICEIEGH HAR didl AT HAT fenfaa Aisa
H &

FDRp batch 7 & Xeon Phi
BIGJOBp | batch 7 & Xeon Phi
TESTp TESTq 2 g Xeon Phi
GPUp GPUgx 7 fes1 GPU

MICp MICq 7 fesT Xeon Phi
SDSp¢ SDSqg+ 06 ¢ Xeon Phi
SDSp¢ BURSTq + |17 ®c 55 fAsic¥ | Xeon Phi

SYANTRATIT & HETET HT AT & ITER A HAR 3T HHeholel I3ATH
& forw qar v qordcdr H T A ARG H B

» TESTp QA &7 3UcIedr & ATY, 3UIPHANT & 60T o TAT dh SdoR
F TEdas Sid  Ugar WIeT0T Sid Il & T fAod &1 dddAeT H
TESTq FdR & AT 3if®ad are a7 @ar 2 8¢ ufa Sia gl

= BIGJOBp f3#ITsfel I 39Ul & ATY 64 HR A S FATEA e dlel
ST & T FaR TdeT FHT FIHr FH g I=

= SDSp fasrele & d@mee, &g &9 @ e 3uderehdisi & foav e
gl & AR Uh ARYd 36 & fav s 3R w aedafas Sie
Tl & fow §1 3o AShT IaT & SR 50 Ao & dare=i & &
arelersd & foIT R & 987 TEAT ST RISl & v g & faw 3ucsy
AT 31T § dlfeh 93 Sid o folw gciter g8 & HAT 310 (BURSTQ).

* ST FTEH / THUHTT 91 9% S8 & o ware

+ IO AL HETGALT TL o8 F {77 FHATe

Y wtdag daredl & forw it safer (aRmam o &1 % oo | e smam 1)
¢ areqtas Sied & forw giaag "aremt & arr g

arfi¥e RO 2016-17



WA FaT || 3ueetrdr: (3raf- ade 1, 2016 - &R 15, 2017) [351 o]

System Downtime (days,%),
= 2.78, 0.8%

System Uptime (days,%),
348.22, 99.20%

» 3YersH: 34822 feo

" 3ReTor Jafe: 278 foe
o 3TEd 15,2016, 10:53 UMY & 31TEa 18,2016, 05:40 emaF dsh [2 fae,
18 ©¢, 47 fA=ie]
- RAECH 3IersA: 99.20%
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a¥ 2016-17 & : A2 3T 3UATHAr : 112 ; S T GEA : 17 ; GAAT g : 32,232

IRASAT 3R 39AerRaT (15 AR 2017 &)
»  ORISAT §&AT ;252

= 3UENRTEAT AT 940 (90 THEAET )

» T oEr fr gEar 188

PARAM Yuva Il : Year-wise total users and Institutions
1000 940
900 61
800
689
700
596
600
500
400
300
200
90
100 Al 56 2
o — | | ]
201314 201415 2015-16 2016-17
m Users m Institution
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EIET 7 39AeTHAr
arfererr 5.1; Af&e FEAAT H 3TAETHRAT

T -
Aferr geaeT T&ar

EHCHAIR hlelol

AT faEafaerea

37elTG HiFeH favafaeare
3ol Gferadier

foca e, geere oW
WIRTH 3#fA. U9 deh. Flelol
SR Holel FlAataer
fYerR Har faeafaezrery
ORI $arg favafdererg
T herd Tarafaearery
oo Aeafdezmer

S arg uifee faRafdedrery, =dr Has
shwere fasafaerer, A
aar faRafdearer, amar

W = =2 a2 N =2 =2 WN W W =2 N =2NDNDNOaODNTaN-=

TSN Plolal, Tih

T Aot ¢d favafaerera

IR Aeznfaehr favafaezrery

fgaATaer yeer favafacarera

TSITET, TR 12
IMSITSISE, FeIraTe 3
IMSIMSITSE, feeel 4
HBHETHAT, STk 7
IMSITSTHSIR, qoY 52
3MSISTHSIN, FHglell 1
IMEITSTHSIR, AT 3
ITSITSEY S 204
3MSITSET eI 2
SIS el 8
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HISHISET (HTSTHTHA) LT
3MSITSET I[aTgTer

MEIMSET eI

EIECIES R

3MSITSET TR

SIS AR

IMSIHTEE WSITR

IS Tea

SIS AR

TSTATHEY, ArgTolt

SitAsTe faeafaeare
SCICINEECICERI R

ST

ety favafaearey

AT faedidearery
TH3TSET qor

TANTSE FTollehe

TATSE T3Lhell
SEICEEEEICLRIER)
dETHy, gedie

Sy, A@rardY favataedrer, diel
iy Freet, AR

IRATH ARTR faeafaearera
Aerd favafaezre, deigR
AE@Tad faeaiacdrerd
THIRUA faeafderea
TEARETA faeafacare
e IfaTT Fe, IgACEE
TH 9 qur faRdfdedrery

A e 7Y Figs fava favafaezrery
dorarel faeafagarery
gexraTe faeafaearer
R I EREIEERICR

dITA3MSEr AP

el

o)

559
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AT 5.2 MY FEATAT F ITATeThdT

. ERPIEICT I

MY FEATT e
U HeS 1
vy, #AFEas 2
IS THIRING, HicThldl 2
r-S 137
MENIHRINE, FTETEY 4
SIIREIN-AY §X BN 8F ASHH, Hidacy | 4
S-RIeTeh 2
%S 165
HTSUTHTHET, I[ATEIET 4
331 HIAT faaa 3R defErehr &g 1
HRAT arg Fell, STek 1
SR 5
ITSTEE HaS 5
3msgdT, qor 7
SITTHITUESR, SR 10
TATSIIHTS, ATl 1
TS, qor 6
TAMNIRT, gor 6
TANTSET 2
TA3MSTHSIN 1
W3RT, gHGHEIG 3
3RIARIE, dITaR 3
THTSUAYY, icTehldT 2
GG I3 KT 4
fasrar $AR w3, T 6
el 381

S
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WA gar || Rred g

FIEeT 3YANNar : e 1, 2016 - AR 15, 2017

ClusteruUtilizationNodeinPerc

100
90
80
70
60
50
40
30
20
10

0

Percentage %

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
W monitor.en.yuva.param last custom Now: 85.80 Min: 0.00
Avg: 88.93 Max: 99.13

ForkeY olis : 3T 1, 2016 - AT 15, 2017

PARAM Yuva-II Compute Cluster Load last year

W

1 »
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb  Mar

6.0kt

5.0 k

4.0 k

3.0k

Loads/Procs

2,0 k

1.0k

O1-min Now: 3.9k Min: 0.0 Avg: 3.7k Max: 5.2k
[ Nodes Now:282.9 Min: 0.0 Avg:279.1 Max:291.0
B CPUs Now: 4.6k Min: 0.0 Avg: 4.5k Max: 4.7k
B Procs Now: 3.9k Min: 0.0 Avg: 3.7k Max: 4.7k

#S A 39 & AT A Far || Uh3ch T 3HeI&T0T ATAfaTer (18/06/2016 T 12:00 &t
d 21/06/2016 T 17:05 &oF deh) 3R 3791¢d (15/08/2016 & 22:52 s & 18/08/2016
#r 17.30 d), 3TNAAr aw F (M)

qraX AR gfeler Jaeiaer & Heftd Hel & HROT 3Fesy (09/10/2016 & 17:19 &
10/10/2016 T 18:07 de) H WA IaT Il (FS =A15) I HRIF A3 AT| 38 AT
& 3TAh resi3, Harferr (Sred) @ T a1 & Y HR 7 Halt & BT I ofeman
I E
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ST FAN:
e siier (framefter Site)

WA Zar |l - frarelier Siig 3der 1, 2016 - AR 15, 2017

Activelobs

No. of Jobs

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
W monitor.en.yuva.param last custom Now: 50.80 Min: 0.00
Avg: 57.43 Max: 93.08

385 S (suesT & T FdR & gdeTRd 1)

WA T |l - 31$se Siid 38 1, 2016 - AT 15, 2017

Idlelobs
300

200

No. of Jobs

100

0

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
W monitor.en.yuva.param last custom Now: 145.99 Min: 0.00
Avg: 193.94 Max: 286.30

FR QU a0 % & q@r S Fohdr g [ oeneter 57 J1d 3T W W &, AGih IAd
AT ST GAAT FAR H § IR T A H gehem F §1 5809 g1 gorar & &
STET AT i S’ B
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iy sgafarar (3raf- sl 1, 2016 - AR 15, 2017)

Wiy FAT 3UDNTACAT A1 PR FEdr

m164 m 65126 m129-256 o 257-512 w 513-1024

Computational Sciences
Structural /E ngineering Mechanics
Geo Sciences

Bio Sciences

Bioinformatics

Chemical Sciences

CFD
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Research Challenge

Several theoretical and experimental attempts have been made to explore the ther-
mophoretically driven transport of molecular structures. Attaining controlled motion in
nanoscale has been a challenging task, thermophoresisthermal gradient induced forceis
one of the popular driving mechanism of molecular systems. The essential driver for
such motions is the net current of hot phonons that are generated by the imposed
thermal gradients. While interacting, these hot phonons are scattered by the moving
object and some of the vibrational energy is exchanged with translational energy of the
moving body. However, there have been few attempts to gain phonon level
understanding of thermophoretic motion, and the exact underlying physical mechanism
has remained elusive so far.

The challenge is to understand the fundamental mechanism of how individual phonons
interact with the moving molecular system and how phonon characteristics influence the
sliding process. Further, at the initiation of sliding process, how the phonon could able
to push the molecular system over its potential barrier is extremely curious.
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Approach

Under quasi-particles treatment, phonons can be modeled as wave packets by at-
tributing position and momentum. However, for a typical wave length of the phonon, it
spans over few hundreds of nanometers. Thus, our system of double walled CNT
oscillator consists of (10,10)CNT of 1000 nm long as outer casing and (5,5)CNT of 50-
200 nm long as inner sliding nanotube. Molecular dynamics of such a micron long
system demands expensive computational resources.

In this approach, a phonon wave packet with polarization, s, and wave number, qO, at
location, z0, is constructed from the linear combination of vibrational eigen modes of the
lattice according to

([g—al)® | . . .
Eia(7) explia(z - zg))

A
1 —% p
(1 '-.."lll r q

M

2g°

where uSia is the displacement from the ground state position of the k" base atom in the
Ith unit cell (located at z) along direction . A is the amplitude of the wave packet, and M
is the mass of the atom. e%«a () is the phonon eigenvector corresponding to polarization,
s, and wave number, g. is the broadening parameter in the Gaussian spread of the wave
packet around 0. The eigenvectors, e%a (q), and corresponding phonon frequencies [
(q) are obtained by diagonalizing the dynamical matrix which is the Fourier transform of
the force constant matrix. The phonon frequency vs. wave vector plot gives the
dispersion relation 15(q).

A wave packet is generated in the outer tube far away from the inner core (500 unit cells
to the left of the centre, with o= 2n/100a (where a is the lattice constant) giving a pread
of 200 unit cells) and we study how the individual phonon travels through the outer CNT,
interacts with the inner nanostructure, and generates a net driving force. Molecular
dynamics simulations are conducted in microcanonical ensemble with a time step of 1
fs using LAMMPS. By repeating such imposition of wave packets of frequencies
covering the entire spectrum of for a particular polarization, evaluate the energy
transmission coefficient (the ratio of transmitted energy to the incident phonon wave
packet energy) for all frequencies results the phonon transmission function.

Results

A through presentation of the results can be found in PhD thesis [M. V. D. Prasad,
Phonon Scattering Dynamics of Sliding Motion in Carbon Nanotube Oscillators, PhD
thesis, Indian Institute of Technology, Kharagpur, 2016] and in our publication
[NanoLett, 16, 2174(2016)].
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Figure: Wave packet propagation. Snapshots of the displacements for wave packets
before, during and after interface scattering. LA phonon with (a) 5.76 meV interacting
with a C60 (b)12.3 meV interacting with (5,5) CNT-L50 and (c) FO phonon with 11.3
meV interacting with (5,5) CNT-L50. Vertical dashed lines indicate the position of inner
CNT. The axial and two transverse components of wave packet displacement are
represented in blue, green and red respectively.

Impact

By showing that thermophoretic motion in coaxial CNTs is initiated by LA phonon
scattering mechanism, this work builds a connection between phonon scattering
dynamics and nanoscale mechanical motion. We have shown that the scattering
mechanism of LA mode phonons, particularly in low to moderate energy ranges,
generates a net axial force on the encapsulated nanotube. The length dependence of
thermophoresis is elucidated by LA mode transmission functions.

The knowledge of precise interaction mechanism of individual phonons with the inner
nanostructure would lead to nanoscale motion control in nanomechanical and
biotechnological applications.

How this research work is benefited using PARAM Yuva ll

Simulation of micron long atomic systems for few hundreds of nanoseconds using
LAMMPS is not feasible without PARAM facility. To compute one transmission function,
around 20-30 cases with wave packets at different frequencies need to be simulated
each involves an expensive computational load. We have computed several such
transmission functions. In total, it is a computationally demanding task and we did it with
the help of PARAM YUVA II.
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Experiences using PARAM Yuva Il (system, support etc.)

Importantly, every time when we approached npsfhelp@cdac.in, the support is very
prompt and encouraging. Over the years, we observed enhanced speed of
computations and, of course, the increased number of users. At present, it is
exceptionally fast. Overall availability of nodes and wall time is very much satisfactory
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Research Challenge

To investigate the carrier mobility and their diffusion lengths in CsPbBr3 perovskite and
to understand the origin of the excellent photo perovskite and to understand the origin
of the excellent light emitting properties.

Approach

To achieve the above mentioned challenges we used a combination of pump-probe THz
experiments and first principles calculations.

Results
The ground state properties (structural and vibrational) were characterized by

Transmission electron microscopy, THz time domain spectroscopy and DFT
calculations. These are summarized in Fig.

o= Fapt
— D1

Frequency (THz)

Figure 1. (A) TEM image of synthesized CsPbBr3 NCs. The inset shows the bulk
orthorhombic crystal structure as obtained from the DFT calculations, (B) Normalized
THz-TDS absorption spectrum (blue solid circles) of NCs and optical phonon intensities
(red sticks) from DFT calculation, and (C) the band structure of bulk CsPbBr3 with and

without SOC.
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From our calculations we estimated the exciton binding energy. Our calculations predict
that depending on the value of the dielectric constant, the exciton binding energies can
vary between 6.0 meV to 90.0 meV. Further we also found that the effective masses of
the holes and electrons in this material are similar and is about 0.25. These along with
the THz pump-probe experimental data were used to estimate the intrinsic carrier
properties in this material. We find that the electron and hole carrier mobilities are about
4500 cm?V 1s ! while their diffusion lengths are greater than 9.2 To put our results in
proper perspective, we have compared the above mentioned properties with that of
other semiconducting nanocrystals and single crystals. These are given in Table 1. We
find that for CsPbBr3 these values are orders of magnitude higher compared to those
found in the hybrid halide perovskite films and comparable to single crystalline bulk
semiconductors. These values will certainly reduce in a device configuration, but are
anticipated to remain much higher compared to other semiconductor NCs. Therefore,
CsPbBr3 NCs are promising candidates for applications in optoelectronic and
photovoltaic devices.

Table: Comparison of mobility and diffusion length of CsPbBr3 NCs with those of other
important NCs and single crystals.

Material Mobility (cm?V-Ts") | Diffusion Length | Measurement
(pm) technique
Electron | Hole Electro | Hole
n
CsPbBr3 NC (this work) | ~4500 ~4500 292 292 THz
CsPbBrs3 single crystal®® | ~1000 PC
MAPbLBr3 30 03-1 TH=z
polycrystalline film?
MAPbBrisingle ~115 20-60 3-17 TOF/Hall/TA/TRPL
crystall?
MAPbI3single crystal® | 500-800 | 500-800 THz
CdSe NCs*4 ~1-100 THz
CdSe bulk?4 ~470 ~145 THz
Gakis crystal 'V ~3000 | ~400 7 1.6 Hall
Si crystal ' ~1450 ~500 1000 600 Hall
PbTe crystal™ ~6000 ~4000 Hall

MA = CH3NH3, THz = terahertz spectroscopy, PC = photoconductivity, TOF = time of
flight, TA = transient absorption, TRPL = time resolved photoluminescence
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Impact

To the best of our knowledge this is the first study to quantify the intrinsic proper-ties of
the charge carriers in this material. We show that the excitons in this material are weakly
bound and hence easy to dissociate. Additionally the defect states are not optically
active. All these combined give rise to excellent light emitting properties

How this research work is benefited using PARAM Yuva ll

Performing DFT calculations with spin orbit coupling interactions included are
expensive. Having access to PARAM Yuva |l made these calculations possible.

Experiences using PARAM Yuva Il (system, support etc.)

The system and support is excellent. However, the waiting time for jobs is enormously
large. Hence when working with novel and interesting materials where one needs to
compete with large groups abroad, this becomes a detrimental factor
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Research Challenge

Materials, in particular, semiconductors, are found to change most of their electronic
properties and related parameters at nano scale even though they show crystal structure
similar to their bulk counter parts. When the size of the nanoparticles or quantum dots
as they are normally termed, is comparable to the Bohr exciton radius of the bulk
semiconductor, normally the size is of the order of few angstroms, the change in
electronic properties is dramatic. To simulate the properties at nanoscale, we need to
arrange few hundreds to few thousands of atoms (depending on size of quantum dots)
in periodic order defined by their bulk structure. Challenging task is to obtain the
minimum energy geometry called optimized structure for particular size to get accurate
simulated electronic properties of quantum dots. Such time consuming and memory
intensive computation is too di cult to be carried out on available machines.

Approach

We have used VASP package to obtain all our results. We tackle the challenging task
by using parameters observed experimentally such as crystal structure, size, shape,
element content i.e. doping value of quantum dots. We have used passivating atoms to
satisfy the dangling bonds on the surface of the quantum dots and have not carried out
geometric relaxation. We have confirmed that passivation locks the symmetry and
therefore there is no need to minimize the total energy. Since parameters were
experimentally observed results obtained are comparable to experiments and hence the
reality. In this way we are able to generate reliable results with the available computing
facility at C-DAC, Pune. In addition to the size of quantum dots, alloying provides another
to vary the electronic properties. At nanoscale, sometimes, it is desirable to have certain
properties like energy gaps for some given sizes of the quantum dots. In such situations,
researchers prefer to carry out band gap engineering by changing the doping or alloying.
In such situations, simulations are very useful to narrow down the time, money and e
orts to identify the requisite materials. We have chosen CdSSe as our test materials to
demonstrate the importance of this study.
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Results

In the present work we have studied ten different sized (from 2.2 nm to 4.6 nm) spherical
guantum dots of CdSxSeix with six doping values for the parameter x (x = 0.0, 0.15,
0.36, 0.63, 0.79, 1.00) as shown in the graph. Fitting parameter and bowing parameter
b (highlighted with red) are shown in table. It is observed that bowing parameter b is
slightly higher than bulk CdSxSeix alloy. These values will enable experimentalists to
design specific sized quantum dot of CdSxSeix with desired energy gap for a particular
application with a specific value of x

de22nmm de34nm 1
> d-?§rm O=42nm P
d«26nm de=44nm g
d=28mm “ g=46nm v P -
) d =30 m bk e -
Jde32mm - _'-_7-—“>
N e — - =
e T i M 4
a . -
> & ~— - —— }
() . o » iy »
- e —
3 B — = v
g' ) — - gid ¢
S .. . .
I : ad
ih 9
E:AOmDOSlz)On 1!;

Size (diameter) 'd’ b b* b" b+b'+b" CdSe gap CdS gap
(nm) (el)) (el))
2.20 0.32 0.16 298 3.46 298 347
2.40 0.33 0.14 2.80 327 2.80 3.29
2.60 0.34 0.14 2.71 3.19 2.71 3.21
2.80 0.32 0.17 2.61 3.10 2.61 3.11
3.00 0.31 018 2.51 3.00 2.51 3.02
3.20 0.34 0.16 2.44 2.94 2.43 2.95
3.40 0.32 0.19 2.39 2.90 2.38 2.90
420 0.33 0.20 217 2.70 217 2.71
4.40 0.32 018 213 263 213 265
460 0.32 0.21 2.1 2.64 2.10 2.66
bulk 0.29 0.38 1.74 2.4 1.74 2.42

Table: coefficient of fitting parameter of quadratic equation in x ; bx?+b'x+b"
Impact

Our work gives insight to experimental people who are working with CdSxSeix alloy
guantum dots to tune doping parameter and size to get desired HOMO-LUMO gap i.e.

energy gap.

The knowledge of precise interaction mechanism of individual phonons with the inner
nanostructure would lead to nanoscale motion control in nanomechanical and

biotechnological applications.
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How this research work is benefited using PARAM Yuva ll

The calculations for size less than 3nm can be carried out on our departmental level
HPC facilities, but size beyond that was not doable on our machine. Because of Param
Yuva we can do calculation of quantum dots having size more than 3nm, which was the
important size range for experimental people.

Experiences using PARAM Yuva Il (system, support etc.)

We have nice experience with PARAM Yuva Il. We always get appreciable support from
time to time from the user support team. Calculations in present work especially for
larger quantum dots were not possible without C-DACSs valuable support.
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Research Challenge

Research in clean energy generation is experiencing a global renaissance. The strin-
gent environmental need for efficient and clean energy generation represents a strong
pull to the scientific community. The largely improved experimental and theoretical tools
to tailor materials, even on the nanometer scale, have now brought new imputes to the
field, and enhanced international competition. In this proposed project we have
theoretically investigate heterostructure compound for their potential in hydrogen
generation and possible optimization of these materials by nanostructuring. Main
challenges in this project are calculation of band structure of heterostructure and
prediction of electron transfer path which is contributing in hydrogen evolving reaction.

Approach

We used density functional theory calculation to nd the band structure of bulk materials.
Then we perform work function calculation and band edge position for the
heterostructure. From the band edge position of heterostructure we can de ne electron
transfer path.

Results

The calculated density of states (DOS) and projected density of states (PDOS) of
NaNbO3 and Ag2S are shown in Figure and explain a possible interband transition. This
transition depends on the coupling between the valence-band and conduction-band
states. A small DOS leads to small effective masses, which lead to a strong coupling
between the valence- and conduction-band states of Ag2S. For NaNbO3, electrons are
transferred from the occupied O2p states to unoccupied Nb 4d states under UV light; for
AQ2S, electrons are transferred mostly from Ag3d states to the d conduction band. As
excited-electron transfers from d to d states also have high backward transition rates,
the photogenerated electrons can only migrate rarely to the surface and perform
photocatalytic reactions. Owing to the high dielectric constant of NaNbO3 (20), an
electronhole or polaron pair is weakly bound at the surface of the core material and
dissociates quickly to form free charge carriers before recombination can occur.
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Impact

The calculation is helpful to explain the experimental observation and it elucidate the
mechanism behind the photocatalytic reaction under visible light.
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Figure: Total and projected density of states of (a) NaNbO3 and (b) Ag2S.
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Figure: (a) Band-edge position and (b) the corresponding band diagram of the
composite photoelectrode device.

How this research work is benefited using PARAM Yuva ll
Support from PARAM Yuva Il is very useful to perform the DFT calculation.
Without PARAM Yuva I, it might not be possible to pursue the calculation

Experiences using PARAM Yuva Il (system, support etc.)

We always get very supportive assistance from PARAM Yuva Il team regarding
installation of any software or setting and testing.
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gRRfrse dr
3UARTHATIT T TATAT oo 2l

UIH AT || SYARTHAT & F& TAAT 3T

"As my students who are accessing PARAM Yuva gave me a positive feed back on the
computing resources”

1. MYTeleT TSTRIAT,
wY. 3rfframer sreTed (HET IaNT)
ITEITED a5

"I thank you from the bottom of my heatrt for all your help, guidance and patience. It is
all your team’s effort that researchers like me are able to do quality research.”

31, FgeaT 9T (A& 3eavs),
ofAdY gfaafdd, aresr

“Our poster won the best poster award at Indian Biophysical Society conference which
included work from PARAM YUVA lI- dedicated slot.”

. PR grauieR,
3T rfaamer Frer (T IeAF)
Wdfivw, qFas

"Another good news is that one more paper has accepted. | will furnish its details in a
short span of time. All credit to you all. Thank you for supporting our research.”

3T, FdeaT 9T (A& 3eavs),
ufadt gfaafid, aresr

"I am highly obliged to C-DAC, Pune for providing the supercomputing facility. | have
accessed the Gaussian-09 from C-DAC from August 2015-November, 30, 2015. Based
upon that recently we have published results in PCCP successfully. Now | am doing my
all research work using VASP in C-DAC’s PARAM Yuva-II”

1. e aitas,
31, Hfa & WK (HET IATF)
TSTATHEY, FAlgrell
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"I am thankful to CDAC people for their kind help. | also appreciate their efforts and
support for helping scientific community.”

. fEaer oA,
3T, I1fa 3 TR (HET reavT)
ITSTATHE, Algrel

“Congratulations to NPSF team. It is all your patience and support that has let us run
all these jobs. Keep up the good work.”

s1. AGeaT NTeT (T 3=ava),
ufdd gfoafid), Awer

“Our experience of using PARAM-YUVA-II was very satisfactory during the period of
MoU. We received good computational services and a very nice support from the CDAC
staff. We greatly appreciate the services provided by CDAC.”

Y. ar$. oY, qom,
THTHl, sE

"It gives us enormous pleasure in communicating to you that a research Publication
based on our recent research work has been accepted for publication in The Journal of
Chemical Physics, published by the American Institute of Physics. The computations
involved in the research work were carried out under the research scheme granted to
us by C-DAC that employed the PARAM-YUVA high performance computing facility.
The support by C-DAC has been crucial, without which the research would never have
been materialized. We look forward to having your continued support.”

A, afdeht aRT,
31 TSH1T UTSF (T IeauF)
T bt qor farafagrers, qor

"I feel happy to inform you all that | have got one more paper published recently. | thank
all of you for helping us day in and day out. It is all possible due to your team’s support.”

3T, FdeaT 9T (A& 3eavs),
ufadt gfaafid, aresr

"Over the past several years, the service | received by NPSF is immense and
indispensable.My research, involving micron long atomic systems, would not have been
possible without PARAM facility. | am extremely grateful for this and | have this feeling
that, in future,/ would like to contribute to PARAM in any possible way.”

. Y AP Aedl,
3T, A5 T (TET HFATF)
HTEITSE TSI
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"We have recently published an article in Scientific Reports of Nature Publications. We
have acknowledged your HPC facility as without it this work would not have been
possible.

| thank you again. Keep up the good work!”

WY JrfAamer sreTa (HET IHFATF)
IMEIMEST aiea

"Thanks for your immediate assistance in this regard. Your help in extending my home
area quota for this academic year also is greatly appreciated. | also thank the entire
NPSF team for providing the required computational resources for scientific research

and timely support during queries.”
#ft. FRrer yHIg UH T,

oY JrfAramer srETETd (HET HATF)
ITEITED TFa
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