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3D is a megatrend

* To improve performance and energy
efficiency of microdevices

* Applications e.g.
° Semiconductors: 3D-NAND, DRAM, TSVs, FinFET, GAAFET, etc ..
* Photonics, MEMS, microfluidics, etc

3D silicon capacitor

3D NAND

Microfluidics Photonics
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Atomic Layer Deposition (ALD)
is a Technology for

Conformal Thin Films

* For high quality manufacturing of
3D microelectronics and advanced
materials

* Boosting 3D vertical scaling trend

« 3D-NAND, 3D-DRAM, TSVs, FinFET, GAAFET, PCRAM, FeRAM, etc ..
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Gutsche, Future Fab Intl. Issue 14
George, plenary talk, AVS-ALD 2013

ETROLOGY IS A PROBLEM

~ Needs cross-sectioning

Destructive. Special tools and users.
Slow. Expensive. Slow.

Proprietary. Inaccurate quantification.
Expensive. Lack of standards.

Huge parameter space in ALD

Importance of speed



@ CHIPMETRICS Lateral High Aspect Ratio (LHAR) Test Structure and Method
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LHAR4 Test Chip

Oxide thickness window @ Etch test structures

" [PillarHall
" ILHAR4 |

Pressure / stress test | Chip ID text

structures

Main LHAR

structure area @ Cleaving notch

@ Gap height text '
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Chip side LHAR structures

Process Monitoring

Process
Development

PillarHall®

Latelar High Aspect Ratio Silicon Test Chips




[ cqieveTrics  Wafer Level Conformality

VIT process, 500 cycles UEF process, 125 cycles

200 mm wafer.

150 mm wafer.

ALD Al0,

PD50% (AR)
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£ cHIPMETRICS Comparing HARs

* High Aspect Ratio (HAR) geometry correlation

How to compare PillarHall data to the HAR target?

. L
Equation: a = =P
4A

with

a being aspect ratio,

L (m) being the depth of the cavity,

p (m) being its perimeter, and

A (m?) being the cross-sectional area.

m\:‘:oo\ For trenches, the equation reduces to
\ato
4 a\)\:‘}‘?s a=L/2w,

(a) (b) (©) Chip™®

while for holes it reduces to

Fig.1. High Aspect Ratio geometries:
(a) Cylindrical hole, (b) a square hole, (c) a=L/w.
trench, with width w, and depth L



@ CHIPMETRICS Side view (during deposition)
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 Conformality in thermal & plasma ALD 50 6 @ Digtarioe (it}
 Understanding conformality < — >
. i . . AR=2000:1
« Extracting sticking coefficients :
« Extracting plasma recombination Topview mamitane femaved)
p ro b a b | | | | eps REZ: irts,l jé in http_z://wcll/t//w.atomiclimits. com/2020/11/11/understanding-plasma-ald-why-ions-matter-
and-snoula-pe-considere
« Conformality in CVD
 Surface-inhibiting growth ' g Zro+ RO Pereiates deeper
« Metal CVD conformality ’ -§ nnnnn ZrO, limits conformality
* Properties of the film on the trench wall g i —
« Compositional dopant mapping b2
 Wet etch rate it
* Film stress in the microscale - S
REF: Utrininen et al, ALD2018 | st "

And more.. Scientific article references are listed in
www.pillarhall.com/references P ’” ar Ha”
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CONTACT

Mikko Utriainen, CEO
mikko.utriainen@chipmetrics.com
Tel. +358 40 753 7415
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info@chipmetrics.com
www.chipmetrics.com

NOTE: New OPEN DATA platform for ALD saturation profiles

https://zenodo.org/communities/ald-saturation-profile-open-data/?page=1&size=20
This is a place where you can share data with other scientists



https://zenodo.org/communities/ald-saturation-profile-open-data/?page=1&size=20
mailto:mikko.utriainen@chipmetrics.com
http://www.chipmetrics.com/
http://www.chipmetrics.com/

