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Growth and Transport of Hydrogenated Si Clusters 
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We have studied growth and transport of hydrogenated Si cluster ions, SinHx + grown in an 

External Quadrupole and Static attraction Ion Trap (EQSIT) for deposition on solid surfaces. The 

mass distribution of the grown SinHx + ions was measured for n = 1 - 10, showing always several 

distinct peaks at Si3H+, Si6 Hx + (x = 1, 7, 13), and Si8 Hx + (x = 7, 19). These clusters experimentally 

obtained corresponded to the theoretically calculated stable structures. The clusters were transported 

as an ion beam from the EQSIT to a solid substrate without the cluster structures being changed, and 

deposited on Si(111) at a deposition energy of 18 eV. 
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1. Introduction 

It is expected that structure-controlled 

nanostructures are formed when the clusters with 

specified structures are arranged on solid surfaces. 

Although much effort has been made to study clus

ter deposition on solid surfaces, it was difficult to 

obtain well-defined clusters with a sufficient quan

tity for deposition on solid surfaces. We have devel

oped an ion trap, External Quadrupole and Static 

attraction Ion Trap (EQSIT) 1•
2

) for growth of well

defined clusters. It was demonstrated that hydro

genated Si cluster ions, SinHx +(n = 1 - 10) were 

grown from silane gas in the EQSIT. The stable 

structures of some of these clusters have been inves

tigated, being compared with the ab-initio calcula

tionresults3). We have also developed an ultrahigh 

vacuum system for growth of SinHx + clusters and 

their deposition on solid surfaces4
). 

In this work, we study which kinds of 

SinHx +(n = 1- 10) are grown and transported on 

solid surfaces using this system. 

2. Experimental 

The cluster deposition system is shown in 

Fig.l. This system consists of three vacuum cham

bers; a growth chamber equipped with an EQSIT, 

a mass-selection chamber containing a quadrupole 

mass filter and a deposition chamber which installs 

an electrostatic quadrupole deflector. The EQSIT 
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Figure 1: The developed system for cluster growth, 

transport and deposition of clusters. 

in the growth chamber consists of a cage 17 cm in 

diameter and 20 cm in length and a set of linear 

quadrupoles 1 cm in diameter and 15 cm in length, 

as shown in Fig.2. To the quadrupole, ac volt

age of opposite phases are connected with a de bias 

voltage to generate a trapping potential. The stable 

trapping position r, that is a distance from the axis 

of the quadrupole, for a cluster ion with a mass m 

is given by 

(1) 

where q is the ion charge, f is the ac frequency , 
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Figure 2: The EQSIT for growth of SinHx +cluster 

ions. Cations generated by electron irradiation are 

confined in the EQSIT and allowed to react with 

SiHy radicals. 

Vac is the amplitude of the ac voltage, and Vdc is 

the de bias voltage. The grown cluster ions with 

small mass values are distributed near the cage and 

clusters with big mass values are distributed near 

the quadrupole. These cluster distributions are con

trolled with tuning of the frequency and amplitude 

of the ac voltage. The SinHx + clusters were grown 

from silane gas (2.0 x 10-5 Pa) in the presence of 

H2 gas ( ~ 10-2 Pa) with continuous electron irra

diation of~ 100 eV and ~ 20 mA in the EQSIT. 

A de bias voltage of -3 V and a.c voltage between 

50 and 190 V with varying frequencies between 500 

and 920 kHz were applied to the quadrupole of the 

EQSIT. 

The clusters can pass through the inside field 

of the quadrupole if the inequality 

1.1q Vac 
m> 11'2J2Roz (2) 

is fulfilled, where Ro( =0.5 cm) is the internal 

radius of the quadrupole, i.e., the clusters with 

bigger mass values than a threshold value are 

automatically driven into the internal region. Ac

cording to this principle the SinHx + ions grown to 

a pre-determined mass are automatically extracted 

from the EQSIT as an ion beam, and injected 

to the deposition chamber through a mass filter, 

which was used as a simple beam guide in this 

study. The cluster ions are deflected by ±90° at 

a higher energy of 200 e V to get rid of neutral 

species. The deflection angle is controlled with 

the voltage applied to the quadrupole deflector. 

The ion beam deflected to the solid substrate is 

for cluster deposition. The mass distribution of 

the ion beam deflected to the opposite direction is 

measured by a quadrupole mass spectrometer. The 

mass distribution measured in this way should be 

identical with that at the substrate position. 

3. Results and Discussion 

The mass distribution of the deflected 

SinHx + ions was measured for n = 1- 10, as shown 

in Fig.3. The mass spectra were measured within 

a mass accuracy of 1.0 amu. For this purpose, 

the clusters were extracted by tuning the EQSIT 

parameters for each value of n. The mass spectra 

always showed several distinct peaks at Si3H+, 

Si6Hx + (x =1,7 and 13), and SisHx + (x =7 and 

19), indicating that these clusters were stable 

enough to be transported to a solid substrate. 

These clusters obtained experimentally 

were compared with the theoretically calculated 

ones3·5 •
6·7). The stable structures of SinHx and 

SinHx + clusters were examined theoretically by us

ing a density-functional total-energy minimization 

method3). The results indicated that the structures 

of SinHx + cations corresponded to neutral clusters 

of SinHx-l when x is odd number. This view 

is simply understandable because clusters are in 

general stable when the total number of valence 

electrons is even. This is consistent with the result 

in Fig.3, where all the obtained cluster ions have 

even electrons. Therefore, the experimentally ob

tained SinHx + cations are thought to correspond to 

neutral SinHx-1· The detailed comparison between 

the experimental results and the calculated ones 

were performed for n = 68), and showed that the 

stable structures of Si6Hx +(x =1, 7 and 13) cations 

shown in Fig.4 are the same as those of neutral 

Si6Hx-l clusters except that an additional H atom 

joins in3). The other cluster cations, SbH+ and 

Si8 H19 + also correspond to the calculated stable 

structures of neutral Si3 and SisH1s clusters shown 

in Fig.5. However, the SisH7 + cations does not 

have a neutral; the stable structure of SisH6 has 

never been calculated. The stable neutral cluster 

consisting of atoms similar to those of SisH 7 + is 

Si8 H8 , which has a cubic structure as shown in 

Fig.5. Addition of a H atom to the SisHs structure 

might be energetically more deficient than losing a 

H atom from this structure, when ionized. 

We have examined the dependence of the 

quantity of transported Si6Hl3 + ions, which has a 

stable ring structure with sp3 bonding and a large 

amount of the clusters are obtained, on the growth 

parameters of the EQSIT. The quantity of the 

transported Si6H13 + ions was measured by the mass 
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Figure 3: Mass spectrum of the deflected SinHx + ions measured at a position corresponding to the substrate 

position for x = 1 - 10. 
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Figure 4: Mass spectrum of Si6Hx + (x =0-20) and 

calculated stable structure of Si6Hx + ( x = 1, 7 and 

13). 

spectrometer, together with m =169 and m =194, 

which formed peaks near to Si6H13 +(m =181) in 

the spectra. Figure 6 shows the quantity of the 

transported clusters against the ac frequency f 
applied to the quadrupole. The measured quantity 

increased rapidly when f exceeded a threshold 

value. The threshold value was higher for the 

clusters with a smaller mass, being consistent with 

the principle of the EQSIT. The gradual decrease 

with f in the frequency region higher than the 

threshold is due to reduction in the trap capacity. 

The Si5H13 + ions were actually deposited 

on a Si(111) substrate at a deposition energy of 18 

e V. Figure 7 shows the obtained ion beam current 

as a function of time lasting for 5 hours. The 

current was 11 pA when the deposition started, 

and gradually increased to a saturation current, 36 

pA. This change in the Si6Hl3 + ion beam current 

shows that the cluster growth rate in the EQSIT 

increased with time. The rate mainly depends on 

the quantity of the reactants for the cluster growth. 

The initial density of these reactants is low because 

a large amount of these reactants are adsorbed 

on the growth chamber wall in the early stage of 

the cluster deposition. The total cluster quantity 

deposited on the substrate was 3.15 x 1012 clusters. 

The cluster density distribution was measured 

with STM, which was described elsewhere9l, and 

the results showed that the cluster ion beam was 

focused in 2mm in diameter on the substrate 

surface. The density was estimated to be about 

1.0 x 1014clusters/cm2
. This density is high enough 

for various surface analyses. 

4. Summary 

The SinHx + ions were grown from silane gas 

in the presence of H2 gas with continuous electron 

irradiation in the EQSIT and were transported to 

a solid substrate. The mass spectrum of SinHx + 

( n = 1 - 1 0) was measured at a position corre

sponding to the substrate position by a quadrupole 

mass spectrometer. The mass spectra always 

showed several distinct peaks at SbH+, Si6Hx + 

(x =1,7 and 13), and SisHx + (x =7 and 19). The 

stable structures were examined for these clusters. 

The Si5H13 + clusters were selected and deposited 

on Si(111) with deposition energy of 18 eV. The 

deposition current was obtained to be more than 

30 pA. 
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Figure 5: Calculated stable structure of Sb, Si8 H8 

and SisH1s. 
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Figure 6: The quantity of cluster ions (m ==169, 

181 and 194 amu) as a function of the ac frequency. 
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Figure 7: Beam current of Si6Hn + cluster ions at 

18 eV measured at the substrate as a function of 

deposition time. 
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