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Cyclohexasilane SigH,, Chemisty

Amine-promoted disproportionation and redistribution:
Si-Si bond formation

Cl, Et, _
NEt, . CH,CI, SN N H '
[ + 2HSICl; -~  CLSi SiCl|[ N\ C!
48 hr ref lux Sj
Clel\ _/S|C|2 Et/ \E/NEtz
PEDETA + trichlorosilane 2! 2z
2 LiAIH,
reduction
= SigH,
bp. ~80 °C/1.3Pa
pyrophoric, mp. ~18°C
translucent liquid p 0.97 g/mL
P. Boudjouk et al. <

J. Am. Chem. Soc. 2001, 123, 8117-8



SigH,, Production at NDSU

« Scaleup to 10 g/week

« 2 kg/day facility envisioned

 Discussions with several manufacturers
of fine chemicals for the semiconductor
industry ongoing
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SigH,, Precursor to Si-based Electronic Materials
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Thermal Stability

TGA (green)
DSC (blue)

(°C) 100 200 300 380

Isothermal TGA at 100 °C shows
no weight change after 12 h

polysilane
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Results similar to Shimoda et al.
Nature, 2006, 440, 783-6.
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Initial Approach - Reproduce Seiko-Epson/JSR

SigLSM Ink Formulation and Method
10 mL laser-treated SigH,, + 10 mL SizH,, + 130 mL toluene

Spin coat
Thermal treatment (e.g., 40 min ramp to 350 °C / 20 min soak)

Cyclopentasilane (SigH ) Polysilane -(SiH5),-

Hy

Si
PN Ha
HZSi\ /Si2 405 nm \ / \ /

Nn

H28| S|H2
+ S|5H10 + Toluene

1. Direct-write
a. inkjet OR
b. spin coat
2. Excimer recrystallization

\

Recipe according to Shimoda et al. Nature, 2006, 440, 783-6.



Viscosity

Characteristics of Si;H,, and SiLSMs

Contact Angle
Substrate and Liquid (uL) Contact
Treatment [a] angle (°)
Glass (stnd) 10 uL SigH,, 25.3t1.4
Glass (Pirahna) 10 pL SigH,, 19.2+1.7
Si wafer (HF) 10 uL SigH,, 18.6+1.7
Stainless (stnd) 10 uL SigH,, 13.711.4
Glass (stnd & 10 pL SigH,, 30.0
HMDS)
Glass (stnd) 2 UL SigH,, 26.3
Glass (stnd) 2 uL SiGLSM 3.8

Viscosity of SigH;, in Toluene
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Liquid Silane Precursors to Printed Silicon
Stylus Profile
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-i { a0 147 %3 oRs 10
ME il s ‘. ggic.o',‘ . } { i\;)" g\
WAL TR A { & Vi b ’
By ofoy 0% i o -
i 4 RO 2 A A \
B S <] e
Sl agismad VB j Q_‘ '{’ l{;\
Pt Vo i
Yt 328185 ‘4’ .

First Diode

Film thickness < 200 nm

Preliminary Studies: Limited to T < 400 °C; Focused Mainly on Low-Temperature Dopants

NDSU-CNSE Sigers J. Non-Cryst. Solids, 2008, 354, 2623-2626 <



Low Magnification

High Magnification

Printed Silicon — Thicker Films C
~1 um ~3 um




Electrospinning SINWs from SigH,,-based Inks
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1st Gen Ink. PMMA in Toluene, Add SigH,,, Electrospin, Thermolysis
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29 Ink’. QPAC100%/Toluene/SigH,,, E-spin, Laser Treatment, Thermolysis

+ LA
QPAC100®
polypropylene carbonate/ h Laser (355 nm @ ~250mW/cm?2)

polycyclohexene carbonate 1) SigH,, transformed to -(SiH,), -

in toluene MW = 660,000 Heat (350 °C/20 min)
2) QPAC 100® volatizes

Porous a-Si NWs 3) -(SiH,),- transformed to a-Si
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Characterization — Electrospun Si NWs from PMMA

Raman Spectra Optical Micrograph
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Electrosplnnlng PolysHane -based Mixtures

-(SiH,),-
based
precursor
mixture

100 - —wrEaT
d L _ .\ ...........
80 = = |
| AR N
@ — - =Si6H12 : \ c
£ 80 M~ = sisH12(SH2)N- . | {
@ _ \ N
O [ e ~(SiH2)n- 1o S L
@ -~ = = = =
o 1 | A ~
= 40 PMMA \ iy
e - N
= — —QPAC 100 \ =
=
20 \
\
0 e e e
0 50 100 150 200 250 300 350 400

Temperature (°C)

Potential for New Copolymer Physical Chemistry

e-spin

nanowire

statistical mixtures

core-shell nanowire

Co-polymers
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Future Plans
“Metallosilane™ Solution Route to Metal Silicides (MSi,)

SigH,, + metal reagent + solvent - viscous MSi, inks

MSi, inks - spin coating / electrospinning > thin films / nanowires

Applications of Si and MSi, Films and Nanowires
Electroluminescence
Field emission
Lithium ion battery
anode
Photovoltaics
Sensors
Transistors

Thermoelectrics

s
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