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Abstract:
The vertical surround gate transistor with thin epitaxial germanium (Ge) is a design which allows for the 
continued scaling of silicon-based metal-oxide semi-conductor field transistors (MOSFETs). Here we report on 
the optimization of Ge deposition on nano-pillars and the characterization of thin (< 25 nm) Ge using atomic force 
microscopy (AFM) and ellipsometry. A hydrogen anneal was optimized to maintain pillar structures by raising 
the pressure to 380 Torr and lowering the temperature at 900°C. Germane partial pressure was high (177 Pa) and 
temperature during Ge deposition was low (310°C). The results of the characterization study indicate islanding and 
possible dislocations of the thin Ge layer at thicknesses 
of only a couple nanometers while thin, strained Ge 
exists at thicknesses of only a few monolayers (MLs). 

Introduction:
Silicon complementary metal oxide semiconductor (Si 
CMOS) devices are quickly reaching their physical limit 
of miniaturization and it is becoming increasingly difficult 
to enhance their performance through conventional device 
scaling [1]. Ge channel MOSFETs are attractive because of the 
high-mobility of both electrons and holes in Ge as compared 
to Si (2.75 and 4 times respectively) [2]. Ge is also attractive 
because of its compatibility with the current Si technology. 
However, due to the 4.17% lattice mismatch, germanium-
on-silicon (GOS) is a particularly challenging case of 
heteroepitaxy. GOS follows the Stranski-Krastanov (SK) 
growth mode which is characterized by three stages: 
pseudomorphic layer-by-layer growth, islanding, and 
coalescence of islands [3]. For thin, strained GOS, only the 
first mode is desired. While there is extensive characterization 
of thicker films in the literature [4], there is still a need for 
more understanding of thin Ge layers for device applications. 
This work will report an optimized RP-CVD thin Ge recipe 
for Si pillars in addition to characterization of ultra thin Ge. 

Experimental Procedure:
The silicon pillars of varying size were defined by optical 
lithography, cleaned using a standard pre-diffusion clean 
and immediately loaded into the RP-CVD reactor, taking all 
precautions to minimize surface oxidation. The GOS-pillar 
recipe was developed in the Applied Materials Centurion 
epitaxial system. The Ge characterization on bare Si wafers 
was done using the ASM Epsilon II single-wafer epitaxial 

Figure 1, top: Pillar after 900°C, 15 Torr, 1 min anneal.

Figure 2, bottom: Pillar after 900°C, 380 Torr, 1 min anneal.
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reactor. The pillar wafers were analyzed by scanning electron 
microscopy (SEM) to optimize the hydrogen anneal. The 
bare silicon wafers with epi-Ge were analyzed with AFM and 
ellipsometry. 

Results and Discussion:
The hydrogen anneal (to remove native oxide and smoothen 
pillar surface) caused severe necking of all pillars under 
standard high temperature, low pressure conditions 
(1100°C/900°C, 15 Torr, 34 slm H2) (Figure 1). We found 
that increasing the pressure to 380 Torr allowed us to keep a 
sufficiently high temperature of 900°C and pillar structures 
with diameters of 60 nm or greater survived (Figure 2). 
Following the anneal, a Si seed layer (to initialize thin 
Ge growth) was deposited at 700°C, 15 Torr, 100 sccm 
dichlorosilane (DCS), and 27 slm H2. Ge deposition was done 
at 310°C, 200 Torr, 40 sccm germane (GeH4), and 6 slm H2. 
Finally, a Si cap was deposited at 550°C, 15 Torr, 30 sccm 
silane (SiH4), and 6 slm H2. 
The first trend realized in the characterization of thin Ge was 
the thickness of the Ge layer versus the surface roughness 
(SR) (Figure 3). 
SR was low when a few MLs of Ge had been deposited. When 
thickness exceeded this threshold, it became energetically 
favorable for islands to form atop the strained bottom layers 
(illustrated by the dramatic increase in roughness beyond 
one nanometer). At thicknesses beyond 5 nm, the islands 
coalescenced and surface roughness decreased as dislocations 
at the interface alleviated misfit strain and islands became 
shallower with larger diameters. AFM phase images supported 
these conclusions, but more work must be done to understand 
and interpret this data. 
A growth rate plot (Figure 4) indicated an incubation period 
during which the first few MLs were deposited followed by 
linear growth. This indicates that GOS growth occurs at a 
slower rate than Ge on Ge growth. 

Summary:
One way to increase the speed and performance of modern 
devices is to include a thin buried Ge layer within the Si 
channel. High quality strained GOS layers are found at 
thicknesses of only a few MLs. AFM data indicates severe 
islanding and possible dislocations of Ge layers as thin as  
1 nm. The results of this analysis encourage further invest-
igation into the characterization of ultra-thin germanium.  
XRD and TEM data will be included in future work. The 
ensuing processing and completion of these devices will 
offer an array of new design options for extended scaling and 
higher levels of functional integration. 
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Figure 3, top: Surface roughness vs. thickness trend of thin epi-Ge.

Figure 4, bottom: Growth rate of thin Ge.




