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Abstract—This paper details the low-temperature manufacturing 
process chosen for the first realization of a CMOS-backend-
compatible surface plasmon polariton source. The optically active 
multilayer Al2O3/Si-nanodots stack is formed at low 
temperatures (300-325 °C) by a combination of ALD and CVD 
techniques.  The choice of materials, precursors and dimensions 
is explained from materials analysis results and integration 
considerations.  
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I.  INTRODUCTION 
The prospective implementation of optical data transfer 

within IC’s requires efficient, CMOS-compatible light sources. 
However, integrated circuit components have nowadays 
reached dimensions much smaller than the dimensions of 
typical micro-optical components. This “size mismatch” is 
regarded as a practical concern for a variety of integrated optics 
applications. The application of surface plasmon polaritons 
(SPPs) generated at metal/dielectric interfaces provides light 
confinement and control at length scales below 100 nm, 
herewith overcoming this size mismatch [1], [2]. The SPP can 
propagate with an effective wavelength much smaller than the 
free-space wavelength of photons at the same frequency. In 
contemporary SPP research, plasmons are normally generated 
by external lasers. In a recent article [2] we have presented an 
electrical SPP source, operating at low supply voltage, and 
manufactured using CMOS backend compatible techniques.   

In this paper we discuss the details of the manufacturing 
process used for these novel plasmonic devices [2]. In our 
devices the metal–insulator–metal (MIM) plasmon waveguide 
geometry is used for electrically driven SPP sources. The 
optically thick gold cladding layers support and guide the SPP 
mode and also serve as contact electrodes. When a sufficient 
voltage is applied across the insulator layer of alumina that 
contains silicon quantum dots, tunneling electrons excite the 
embedded quantum dots by impact ionization processes. As the 
insulator layer of this MIM waveguide is too thin to support 
photonic modes, the excited quantum dots decay radiatively 
predominantly by direct near-field coupling to plasmonic 
modes. This results in the electrically driven excitation of SPPs 

over a spectral range determined by the properties of the silicon 
quantum dots. 

Usually, silicon nanodots are created in a silica host 
material by annealing silicon-rich silicon oxides at high 
temperatures (>900 °C). This approach is incompatible with 
back-end CMOS processing. To lower the thermal budget of  
fabrication the optically active layer stack with embedded 
silicon nanodots has been formed by sequential atomic layer 
deposition (ALD) of Al2O3 (at 300 °C) and low-pressure 
chemical vapour deposition (LPCVD) of silicon nanodots (at 
325 °C) [3]. Encapsulation in an Al2O3-matrix, realized without 
vacuum break, provides a sufficient passivation and prevents 
further oxidation of the Si-ND layers during the subsequent 
processing steps.  

II. EXPERIMENTAL 
The multilayer stack was deposited on bare p-type silicon 

wafers with (100) orientation. First, the standard cleaning 
procedure was applied. Afterwards, to etch the native oxide 
and to avoid metal contamination, the wafers were briefly 
(around 1.5 minutes) dipped in a solution of 0.3% HF and 0.3% 
HCl. 

Directly afterwards, the hydrogen-terminated silicon wafers 
were placed into the loadlock of a cluster system with three 
separate reactors [3]. Five layers of Al2O3 and four interstitial 
layers of nanodots were grown at temperatures ranging from 
300 to 325 °C without a vacuum break for a total insulator 
layer stack thickness of 100 nm.  

A. ALD of Al2O3 
The 20-nm thick Al2O3 layers were deposited by atomic 

layer deposition at a temperature of 300 °C in reactor 3 of the 
cluster system. The wafer was sequentially exposed to 
Al(CH3)3 (Trimethylaluminum, or TMA) and H2O, with a N2 
purge cycle in between (245 cycles in total) [4]. The deposition 
rate of alumina was 0.08 nm per cycle. After the deposition, the 
wafer was transferred to reactor 1 to perform the film thickness 
measurements using spectroscopic ellipsometry. 



B. LPCVD of Si-nanodots 
Without vacuum beak, the wafer was transferred to reactor 

2, where silicon nanodots were deposited in LPCVD mode 
from trisilane (Si3H8) at 325 °C and 1 mbar reactor pressure. 
Temperature and time were optimized to achieve a high 
nucleation density at practical deposition times. The deposition 
time was varied in range between 10 and 30 minutes resulting 
in up to ∼3 nm thick Si-nanodots with single-layer areal 
nanodots density reaching 2×1012 cm−2 (shown in Figure 1).  

 
Figure 1. AFM images of oxidized Si-ND layers deposited at 325°C from 

Si3H8 at 1 mbar. To enable the observation of the nanodots, no upper 
protection layer was deposited. Deposition time 10 minutes. 

A final structure with four layers of silicon nanodots 
encapsulated in Al2O3-matrics was formed. Figure 2 shows a 
transmission electron microscope (TEM) image of a cross-
section of a similar structure where the thicknesses of Al2O3 
layers were 10 nm. The energy filtered TEM analyses 
confirmed a discontinuous character of the silicon layers. 

C. Metalization 
After deposition of the functional layer stack, the 200-nm 

top gold cladding/contact layer was formed by sputtering. On 
the reverse side of the wafer, a 300 nm thick SiO2 film was 
deposited by PECVD and patterned to serve as a hard mask for 

a tetramethyl ammonium hydroxide anisotropic etch solution. 
The wafer was back-etched to the alumina layer to create 
membranes of 50×100 μm. Then the top gold layer was 
patterned and etched after separating the dies. The bottom 
cladding/contact layer was then formed by sputtering 200 nm 
of gold to the bottom side of the die through a physical mask. 
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Figure 2. High Resolution (a) and Energy Filtered TEM images (b) depicting 

the cross-section of the multilayer stack with Si-ND embedded in an 
Al2O3-matrix. 

III. RESULTS AND DISCUSSION 
The influence of process parameters on the quality of the 

nanodot layers was investigated. A dramatic increase of silicon 
nucleation and growth rate was observed, when using Si3H8 as 
a precursor in comparison to Si2H6 or SiH4. Similar nucleation 
enhancement was previously reported for deposition 
temperatures between 400-500 °C [5] and higher. A decrease 
of the Si-ND deposition time (i.e. smaller size of Si-ND’s) 
provided a gradual shift of the photoluminescence peak to 
higher photon energies (shown in Figure 3a), indicating exciton 
confinement in the nanocrystals. The subsequent annealing in 
forming gas (10% H2:N2) at 500 °C for 10 minutes resulted in 
an increase in the photoluminescence spectra maximum of up 
to 400% of the initial intensity, as shown in Figure 3b. The 
quantum efficiency for Si-ND in alumina matrix is estimated to 
be about 0.3%. The electroluminescence spectrum was 
measured at various biasing conditions, and is shown in Figure 
3c. 
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Figure 3. PL spectra measured for (a) layers with different thicknesses (excited using the 488 nm line of an Ar+ laser); (b) samples annealed in forming (10% 

H2:N2) gas atmosphere showing an enhancement of the luminescence in comparisson to as deposited sample; (c) EL spectrum at various biasing conditions, 
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