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Motivation for Research

To work with new high dielectric constant (k) materials such as
and H1O, and Y,0; to replace S10, in semiconductors

To run experiments on the atomic layer deposition (ALD)
reactor to examine thin film growth rate

To analyze the resulting thin films on silicon using spectral
ellipsometry, Fourier Transform Infrared (FTIR) spectroscopy
and X-ray Photoelectron Spectroscopy (XPS)



Hypotheses

A self-limiting reaction between an yttrium precursor, an
oxidizer, and the silicon substrate

Good film uniformity on the substrate (using a spectral
cllipsometer)

Absence of organic compounds in the resulting film structures
(using FTIR spectroscopy)

Stoichiometry of the high-k material and the bonding states of
the elements (using XP Spectroscopy)



Moore’'s Law

According to Moore’s Law, the number of transistors per
microprocessor should double every two years
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Capacitance

* Equation for capacitance:

&= Q()A Standard Silicon High-k + Metal Gate
t Transistor Transistor
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A = area
t = thickness
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New High-k Dielectric Materials

We are currently working
with hafnium oxide and
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Atomic Layer Deposition (ALD)

Uses pulses of gaseous reactants (precursor and oxidizer)
alternately fed into the reactor

Produces one atomic layer at a time on substrates

Film thickness depends on number of deposition cycles
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http://www.icknowledge.com/misc_technology/Atomic Layer Deposition Briefing.pdf

ALD Process

® “One Cycle”

® Precursor
® Purge (N,) : ; ; ; z ;

© Oxidizer (HyO) [ iionedsurface  precursor (TiA) dosing
* Purge (N,)

J}'_’:'_'L

Reducing agent (H,0) Purge step

http://www.cambridgenanotech.com/




Acceptable Temperature Window

ALD reactions usually
occur between 200-400 °C
1n the reactor Growthy 4
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Experimental Conditions

o ALD Reactor
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reactor
- Precursor 2: 140 °C \
o \P'EDCH' pLI|SE2 . _

- Precursor 2 Leg: 175 °C  riyspeeavane

Precursor 2 ‘ e
- Reactor: 302 °C controked bath

High speed valve vaporpuise | D%:lanﬁg?;gu
Precursor 1 out

H,O

Temperature
controlled bath

hafnium



Growth Rate {Angstrom/cycle)
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Silicon Wafer
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Absorbance (A.U.)
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Survey XP pectru
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Quantification Results

Y Atomic Concentration %: 39.2
O Atomic Concentration %: 60.8

0:Y =60.8/39.2=1.5

Theretore Y,O, was produced on the substrate.
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Future Work

To better define the ALD process conditions

Using two precursors to create thin films with alternating
atomic monolayers of HfO, and Y,0,
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~ What Can We Bring Back?

* Go more 1n depth into the
scientific method

* Not every lab 1s a cookie
cutter

* Develop better critical
thinking skills
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