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Where is Fargo?

Fargo metro 
l ti 175 000

NDSU Old Main

population 175,000
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Amine-promoted disproportionation and redistribution:
Cyclohexasilane Si6H12 Chemisty

Amine promoted disproportionation and redistribution: 
Si-Si bond formation
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P. Boudjouk et al. 
J. Am. Chem. Soc. 2001, 123, 8117-8
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Si6H12 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

3L reactor Si6H12
Distillation
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Heator light H t H t

Si6H12 Precursor to Si-based Electronic Materials

Heat or light
‐[Si(H2)]n‐ a‐Si:H c‐Si

Heat

‐H2(g)

Heat

‐H2(g)

Si H di di l l il
amorphous

ili
crystalline

iliSi6H12 diradical polysilane silicon silicon

Thermal Stability Thermolytic Behavior of Si6LSM
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Isothermal TGA at 100 ºC shows 
no weight change after 12 h

Results similar to Shimoda et al. 
Nature, 2006, 440, 783-6.
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Initial Approach - Reproduce Seiko-Epson/JSR
Si LSM Ink Formulation and MethodSi6LSM Ink Formulation and Method
10 mL laser-treated Si6H12 + 10 mL Si6H12 + 130 mL toluene
Spin coat
Thermal treatment (e.g., 40 min ramp to 350 °C / 20 min soak)

Cyclopentasilane (Si5H10) Polysilane -(SiH2)n-

H2Si

H2
Si

SiH2
405 nm H2

Si
Si

H2
Si

Si

H2
Si

SiH2H2Si H2 H2 n

+ Si5H10 + Toluene

1. Direct-write
a. ink-jet OR
b. spin coat

2. Excimer recrystallization

Recipe according to Shimoda et al. Nature, 2006, 440, 783-6.
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Characteristics of Si6H12 and Si6LSMs

ViscosityContact Angle
Contact 
angle (°)

Liquid (µL)Substrate and 
Treatment [a]

Contact 
angle (°)

Liquid (µL)Substrate and 
Treatment [a]
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Viscosity of Si6H12 in Toluene

18 6±1 710 µL Si HSi wafer (HF)

19.2±1.710 µL Si6H12Glass (Pirahna)

25.3±1.410 µL Si6H12Glass (stnd)

18 6±1 710 µL Si HSi wafer (HF)

19.2±1.710 µL Si6H12Glass (Pirahna)

25.3±1.410 µL Si6H12Glass (stnd)
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3.82 µL mixed inkGlass (stnd)

26.32 µL Si6H12Glass (stnd)

HMDS)

3.82 µL mixed inkGlass (stnd)

26.32 µL Si6H12Glass (stnd)

HMDS)
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After UV After UV + 350 °C Stylus Profile

Liquid Silane Precursors to Printed Silicon
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Preliminary Studies: Limited to T < 400 °C; Focused Mainly on Low-Temperature Dopants

Film thickness < 200 nm
Preliminary Studies: Limited to T < 400 C; Focused Mainly on Low-Temperature Dopants

NDSU-CNSE Si6ers J. Non-Cryst. Solids, 2008, 354, 2623-2626 8



Printed Silicon – Thicker Films Crack
~3 μm~1 μm
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Electrospinning SiNWs from Si6H12-based Inks
Electrical SpinningElectrical
connection

Spinning
wire

Syringe needle

Cu foil substrate

SEM of 1st Nanowires
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Located inside 
inert glovebox

Experimental Schematic



1st Gen Ink. PMMA in Toluene, Add Si6H12, Electrospin, Thermolysis

CH3

Si6H12

+
Electrospin

-toluene (g)

3

O
CH3

O

n

PMMA in toluene
MW= 996,000
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Heat

Polydihydrosilane / PMMA

Heat (350 °C)

TEM micrographs
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2nd Ink’. QPAC100®/Toluene/Si6H12, E-spin, Laser Treatment, Thermolysis

Electrospin

-toluene (g)O O

O
O O

mn (g)

Laser (355 nm @ ~250mW/cm2)
1) Si6H12 transformed to -(SiH2)n-

O mn

QPAC100®

polypropylene carbonate/
polycyclohexene carbonate

+

Heat (350 °C/20 min)
2) QPAC 100® volatizes
3) -(SiH2)n- transformed to a-SiPorous a-Si NWs

in toluene  MW = 660,000 

HRSEM micrographs
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Characterization – Electrospun Si NWs from PMMA

Raman Spectra Optical Micrograph
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Electrospinning Polysilane-based Mixtures

e--spin
Potential for New Copolymer Physical Chemistry

-(SiH2)n-
based 

precursor

e -spin statistical mixturesnanowire
Co-polymers
surface energy,

core-shell nanowirecore-shell nanowire
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“Metallosilane” Solution Route to Metal Silicides (MSix)
Future Plans

x

Si6H12 + metal reagent + solvent viscous MSix inks

MSix inks  spin coating / electrospinning thin films / nanowires

Applications of Si and MSix Films and Nanowires

Electroluminescence

Field emission

Lithium ion batteryLithium ion battery

anode

Photovoltaics

Sensors

Transistors

Thermoelectrics
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