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Goal: Investigate the material properties of aluminum oxide Expenmental Data
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as a dielectric material as well as two metals, molybdenum| 4————+—— — R
and aluminum, for MOS capacitors. The goal of this analysis| -\ s 160
is to scale aluminum oxide films deposited by ALD for use in| 3% \ T L BbkEm0
transistor fabrication with silicon and silicon-germanium ;5;25? 1120
substrates and the two metals offer varying work functions &iz f 1100
for gate control on the transistor level. o 7 =S Jeo
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1. Motivation

* Silicon-based CMOS technology currently dominates the from WVASE Ellipsometer
semiconductor industry given its great scaling capability and
Incorporation of silicon dioxide as the dielectric interface.

consumption are sought after.
* Compound substrates and stoichiometric channel MOSFET

operating frequencies and current densities without many of
the processing issues as traditional planar CMOS devices.
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« Planar scaling of traditional CMOS technology iIs becoming

more difficult as higher operating speeds and lower power Refractive Index (An) 1744 +0.010
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20nm Al,O, experimental fitting
from WVASE Ellipsometer

Thickness 20.391nm £ 0.115nm

Refractive Index (An) 1.613 £+ 0.010

devices have been of great interest as they can achieve similar Schematic of ALD Film Growth Process
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Sheet resistance and
non-uniformity
measurements of
Aluminum

Expose/Dev Expose/Dev Legend:
Starting Substrate (n+ Silicon) z::ui:: z:ooupt::: . Precursor A ' Precursor B ® Reaction By-Product @  Inent Carmrier Gas
Dep;s:lMo Depoorsgumo [Richard W. Johnson, Adam Hultqvist, Stacey F. Bent, A brief review of atomic layer depositio
applications]
‘ Starting Substrate (n+ Silicon)
Sputter Sputter
- | Measurement | Value | units [l Measurement | vValue | Units
Deposit Mo Deposit Mo .
Starting Substrate (n+ Silicon) or Al or Al Avg. Thickness 3785 [A] Avg. Thickness 1635 [A]
Thickness Non- 18.438 [%] Thickness Non- 10.326 [%]
Uniformity Uniformity
Sheet 563.16 [mQ/square] Sheet 347.52 [mQ/square]
Expose/Dev Expose/Dev ' - resistance (ps) resistance (ps)
elop PR elop PR Starting Substrate (n+ Silicon)
Sheet 8.011 [%] Sheet 9.546 [%]
Sputter Deposit Mo or Al resistance Non- resistance Non-
Resistivity (p) 2.223E-07 [Q-m] Resistivity (p) 5.771E-07 [Q-m]
Sputter Deposit Mo or Al Starting Substrate (n+ Silicon) Good sites : Bad 49:52 None Good sites : Bad 51:52 None
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Hand- Ideal €, Experimental Experimental
calculated (no units) Capacitance €, (N0 units)
Capacitance

15nm oxide

with Area = 531 pF 9.00 489 pF + 58 pF 8.04+3.23

0.001cm’

20nm oxide

with Area = 395 pF 9.00 367 pF £ 34 pF 8.45+2.56

0.001cm’

15nm oxide

with Area = 1063 pF 9.00 1001 pF£105pF | 8.84+3.04

0.002cm’

20nm oxide

with Area = 197 pF 9.00 767 pF + 48 pF 8.83+£2.15

0.002¢m”

Hand calculations and experimental observations of capacitance
and relative permittivity of Silicon substrate MOS capacitors with
Aluminum as the gate metal

€,-€9A Ct,,
C = — €, =
tox A€

MOS capacitance was modeled using parallel-plate
capacitor system. Once the experimental
capacitance was measured, the relative permittivity
can be back-calculated.

Conclusions

-Atomic layer deposition of high dielectric constant material
has been characterized in capacitors for future use in field

effect devices.
Future Work

-Test different gate metals and dielectric materials for CV test
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