Laser pyrolysis reactor designs and correspondi ng reactant inlet nozzles
are described to provide desirable particle quenching that is particularly
suitable for the synthesis of elenmental silicon particles. In particular,
t he nozzles rcaRNRAORAB ABASCHNON QUBINSIHLY @R RNWMEI PRRENDO0 IR AIHBNGIARY (PYirS h
0 AT
f;.,}.;ﬁ‘g-‘\\

il 2Tpey T BB UALRALD G Ry

i nert a n a siqgnf Nl
or ccur 07 WRaGRflod S dri@lhd, AT i
AOMpIBEnch gas, & L Q¥G Al ﬂﬁﬁ{aﬂyrgni{ggb con

surroundi ng the reactant precursor 125

nanopart i cl4d) Inteksatianat Patdisgion Pew t hatNdgs7si | i COW@? ar /p ut any
surface nodi? Jaaano 13 (2018042ni ¢ coqoynds. The @ ties can
be engineered for particular printing applications, such as inkjet

printingy @eaYath®rRht AhdiRdaar screen printi fg, ARRS QRMbLALR ﬁfa@ﬁ%]zihﬂg;uojun

nmet hods armyd8%erideed

t 0 cpapav ek .biexi bi | i t yenfBl; 26 NKGreteSie Phise, Want IBQUEA 95132

surface nodi# $gAGOtNe si IBPEENsIEOPArt i cl eS(US). LYNCH, Robert, B. [US/US]; 1665 Linden Street,

wo 2012/006071 A2 I 10K 000 ORI

C01G 17/00 (2006.01)

Livermore, CA 94550 (US). PENGRA-LEUNG, Gina,
Elizabeth [US/US]; 4458 Grimsby Drive, San Jose, CA

(21) International Application N“mber:PCT U201 11042142 95130 (US). SRINIVASAN, Uma [IN/US]; 555 Bonita
Court, Mountain View, CA 94040 (US).
(22) International Filing Date: (74) Agents: DARDI Peter, S. et al.; Dardi & Herbert, PLLC,
28 June 2011 (28.06.2011) Moore Lake Plaza, Suite 205, 1250 East Moore Lake
(25) Filing Language: English Drive, Fridley, MN 55432 (US).
(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
L. kind of national protection available): AE, AG, AL, AM,
(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
61/359,662 29 June 2010 (29.06.2010) Us CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
13/070,286 23 March 2011 (23.03.2011) us DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM., GT,
(71) Applicant (for all designated States except US): HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
NANOGRAM CORPORATION [US/US]; 165 Topaz KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
Street, Milpitas, CA 95035 (US). ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(72) Inventors; and SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(75) Inventors/Applicants (for US only): CHIRUVOLU, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Shivkumar [US/US]; 1065 Marilla Avenue, San Jose,
CA 95127 (US). ALTMAN, Igor [UA/US]; 37000
Meadowbrook Common #203, Fremont, CA 94536 (US).
FREY, Bernard, M. [US/US]; 1658 Placer Circle, Liver-
more, CA 94551 (US). LI, Weidong [CN/US]; 1768

84)

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: SILICON/GERMANIUM NANOPARTICLE INKS, LASER PYROLYSIS REACTORS FOR THE SYNTHESIS OF
NANOPARTICLES AND ASSOCIATED METHODS

(57) Abstract: Laser pyrolysis reactor designs and corre-
sponding reactant inlet nozzles are described to provide
desirable particle quenching that is particularly suitable for
the synthesis of elemental silicon particles. In particular,
the nozzles can have a design to encourage nucleation and
quenching with inert gas based on a significant flow of in-
ert gas surrounding the reactant precursor flow and with a
large inert entrainnient flow effectively surrounding the re-
actant precursor and quench gas flows. Improved silicon
nanoparticle inks are described that has silicon nanoparti-
cles without any surface modification with organic com-
pounds. The silicon ink properties can be engineered for
particular printing applications, such as inkjet printing,
gravure printing or screen printing. Appropriate processing
methods are described to provide flexibility for ink designs
without surface modifying the silicon nanoparticles.
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