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Low — k dielectrics — the topic

Interconnectors

SOURCES: STANFORD NANOELECTRONICS dielectrics
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= Scaling down: Cu-alloy
- Capacitance (C) increases

- Resistance (R) of metal connectors

- RC delay increases
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= Low — k dielectrics — the topic

1.E+05
IEEE, 2016
1.E+04 -
- ‘/
Interconnect RC -
S 1.E+03
8
E 1.E+02
| BEOL RC dominant >
1.E+01
1.E+00 Y
M- - -E- - _g
1.E-01 N TR S

N9O N65 N45 N28 N20 N16 NI10 N7

Challenge: reduction of signal delay, RC

Metal research Low-k dielectrics research
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Low — k dielectrics — strategies
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Ultra - low — k dielectrics
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Porous OSG

Motivation How? HaC-Si-OCH
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Terminal methyle
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Varying the C-bridge / methyl terminal

ratio at a fixed porogen content
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Motivation

= PAS and EP are only 2 techniques suitable for evaluation of thin films when the amount of
materials is not sufficient for classical nitrogen porosimetry. This is the reason why both these

technigues are used in nanoelectronics for evaluation of thin porous films.

= These techniques are based on completely different physical ideas. PAS measures reduction of
Ps lifetime when they collide with pore wall, EP measures radius of curvature of a liquid

condensed in the pores.

» This is the reason why cross evaluation of the obtained results is very important.
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Experiment - Samples

Periodic mesoporous organosilicates (PMO)- based low-k
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Experiment - Samples

The matrix composition was changed from ( ™\
pure methyl terminated (MTMS) to fully 0. o
benzene bridged material -OO—,Si-O—Si rg‘
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Experiment - PAS

PALS
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Experiment - EP

Porosity and Pore size distribution
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Results — Chemical comoposition (FTIR)
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Results — Chemical composition (FTIR)
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Results — Chemical composition (FTIR)
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Results — Chemical composition (FTIR)
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Results — Chemical composition (FTIR)

Wavenumber (cm™)

Intensive peak at 1000-1100 cm- suggests formation of Silica like skeleton
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Two peaks at 1500-1600 cm! are related to benzene bridge. (max in BTESB film)

Benzene bridged films are not hydrophobic (water peaks at 3100-3700 cm-1). Therefore, the

presence of methyl terminals are important.

PPC 12.5| 02.09.2021 | Ahmed Gamal Attallah | Institute of Radiation Physics | HZDR | Germany

£ N

( - Il ———]
oot N ) A

Member of the Helmholtz Association




Results - PALS

=  0-Ps lifetime measures 0.77 nm

matrix free volume in 100SB and
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Results - PALS
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Results - PALS

100SB and 100MTMS samples

have micropores before adding
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Results - PALS
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Results — DB-PAS

=  3y/2y values - 0-Ps escape (uncapped
samples)

= Larger S.parameter in .00MTMC >
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Results — DB-PAS

= 3y/2y values - 0-Ps escape (uncapped
samples)

= Larger S.parameter in 100MTMC -
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3y/2y

Results — DB-PAS
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Results — EP — 30% porogen

(the open porosity is varied in the range of 20-35%) Isotherm
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MTMS film has ink-bottle like shape, while other materials have cylindrical pores
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Results — EP — 30% porogen
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Pore diameter (nm)

Results — EP — 30% porogen
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Rapid drop in pore diameter is
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Pore diameter (nm)

Results — EP — 30% porogen
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=  Both methods show almost the

same behavior
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Results — EP — 30% porogen - YM
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Summary

= PAS and EP cross evaluation of low-k films with different composition gave good agreement.
Small difference in the pore size can be related to sidewall roughness and presence of
adsorbed impurities. They can change Ps lifetime (PAS) and impact to the meniscus formation

in EP.

= Both techniques showed that pure methyl terminated films have larger pore size. Introduction

of 25-75% of BTESB reduces pore size to the value typical for pure benzene bridged films.

= |t is shown that benzene bridged films are more hydrophilic and contain adsorbed moisture.
This result allows to conclude that presence of methyl terminals are needed although the

benzene bridged films have better mechanical properties.
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Thank you for your attention!
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Backup

EP is adsorption porosimetry
It uses Lorenz-Lorentz equation (1) to calculate porosity and

Kelvin equation (4) to calculate pore size.
Full porosity : yo1-2p g (’?’_1) {("51)}
By, n, +2) (n2 +2) (1)
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Pore size distribution: dV,; /drvs.r (5)
Specific surface area: d4; =26V; /7;; A:ZcSAf (m2 /cm3) (6)

B is the volume of the film skeleron; B pis the measured volume polarisability;

Vin is the molecular volume of the adsorptive @, is the polarisability adsorptivemolecule:

By and d\y are the volume polarisabiity and thicknessof the film before adsorption

By and dy are the volume polarisability and thickness of the film after adsorption fL‘
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