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Atomic layer etching (ALE) has found its place in advancing technologies as chip sizes continue to
shrink and pitch sizes get smaller. The ALE process offers several advantages over conventional
reactive ion etching (RIE) such as better directionality, uniformity, selectivity and damage free
surface after etching [1,2]. A self-limited removal of material with minimal damage to the surface
requires a good control over every step of the ALE process [3]. Quasi atomic layer etching (QALE)
is defined as a process when more than one mono-layer of the material is etched per cycle. Surface
treatment, Control of ion energies and appropriate evacuation of the chemical component (Cl;) is
necessary to control the etch rate per cycle and achieve etch saturation in a cycle sweep.
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Figure 1: Sequence of the aSi ALE process

In our work, we have conducted in-depth studies to set up a molecular QALE process as seen in
Figure 1 at our 300 mm facility in an inductively coupled plasma (ICP); decoupled plasma source
(DPS) AMAT chamber on 350 nm amorphous Silicon (aSi) which was deposited on 12" blanket
wafers. First, experiments were conducted to establish the bias power and pressure window. After
this step, Ar sputter threshold for amorphous Silicon was determined. This was used as baseline to
setup a cyclic process where the EPC was determined over low ion energies by optimising the bias
power and activation time during exposure to Ar plasma. Damage or roughness caused to the layer
being etched severely degrades device performance with decreasing dimensions [4]. Hence, to
investigate the same, an Ellipsometer model was developed to understand the composition and
thickness of this rough layer of the aSi surface post QALE etch.

Thickness of the rough layer was evaluated over increasing number of cycles. The EPC for different
Ar activation times at bias power 25 W is shown in Figure 2. The thickness of the rough layer at the
end of the cycles is seen in Figure 3. We observed that the Ar activation time and no. of cycles
have an influence on the thickness of the rough layer after etching.



0,60

’ 8’§2 ®30s 3,87 30s
0,50 049 ®10s fg W 10s
0,47 56 s
— 4 5s
0,40 3s 9]
— = I
£ ® 03 @034 ® 0,33 <3 =
— 0,30 o0 9]
O 3 €
a ® 0,26 o =
Lt 0,23 4= 2 c
0,20 ° S
0,23 ® 0,17 9 *§
C =
0/10 0,11 ’ 0,08 % 1 5s t;
012 0.09 2 ©
’ = 0 30s <
0,00 10 23 50 100
0 20 40 60 80 100 120
No of cycles
No. Of cycles
Figure 2. EPC over cycle sweep for Ar plasma at 25W for different Ar Figure 3. Thickness of rough layer vs. no of cycles and Ar activation time

activation time

In this work we investigate the factors and challenges that need to be taken into consideration
while transferring the ALE process from lab to fab.In general, our work highlights the importance of
control of every step in QALE for effective transfer and commercial viability in a 300mm line.
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