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Introduction Ellipsometric porosimetry (EP) X-ray Reflectivity (XRR)

Considerab!g atteption has beer-l focuged on fexplc.)r.ing noyel IQW dielectric constant (k) materials- to Ellipsometric porosimetry is a adsorption-based porosimetry examining absolute porosity and pore B e —
replace the traditional interconnect dielectric material, silicon oxide, in order to reduce power consumption size distribution (PSD). It utilizes the change of optical properties to monitor the amount of absorbent ; B N C?Imc:rl]gr;%fstrate [
and capacitive signal delay from the back end of line(BEOL). It has been generally agreed that after first absorbed/condensed in pores (shown in Equation 2), which overcomes the poor sensitivity of traditional i Aol Risocted beams
generations of dense Iqw-k dielectrics, decreasing material density by iIncorporating porosity Is the most porosimetry when sampling small volumes. Toluene is used as the absorbent. Adsorption and deposition \/ / T e Tt ST S S
feasible means to achieve ultra low k below 2.5. One popular way of Introducing porosity is by a isotherms are acquired by stepwise raising relative pressure of toluene and recording the corresponding E; T s vocee|Criticat angle:— VAR
subtractive process, where a sacrificial chemical, or porogen, will decompose in post thermal treatment refractive index. Film (o 5. 0) ~a_—"" i - | fimandair PN,
and generate voids within SICOH skeleton. However, when a higher portion of porogen is introduced et ctor Substrate :
during deposition, pores tend to aggregate and interconnect, especially when porosity is above i e s R A 4
percolation threshold. The pore interconnectivity may lead to degradation of mechanical and thermal ; | | _ _
properties and permit intrusion of moisture, chemical species and sequestering of cleans byproducts. 2. — | e =1 ns. —1 Figure 7: Sche_rr_]atlc of tota! ref_lectlon R A S A NS NN U SN N S

L . . . - . V= eff M ads occurred at critical angle with film on ;
Therefore, characterization and understanding of porosity and pore interconnectivity are important — 3 - .
i mi i H. e + P, n. + 2 H. . <+ 2 SUbStrate structure ° 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1 1.
to design and optimize porous low-k materials. eff T < p = ads T < icident angio (dog)

In this work, three non-destructive porosimetry techniques, Positron Annihilation Lifetime r, = Figure 8: Example of reflectivity data for porous
Spectroscopy (PALS), Ellipsometric Porosimetry (EP) and X-ray Reflectivity (XRR), are applied to - pC | lo-k thin film deposited on silicon substrate
characterize porous SICOH low-k dielectric thin films of different porosity and pore interconnection, results
will b_e analyzed and compared to highlight their pertinence for characterization micro-porous low-k - Sample A B C
materals - : k—1 4 2 . Estimated bulk film density (g/cm3 1.7944 1.8393 1.8714

N : = — N{a, + oy + K Figure 5: Schematic of EP configuration; an  Equation 2: Open pore volume defined by SHmate u i .en5|y(g cm’) ' ' '

& | I + 2 3 : a Eka) Ellipsometry equipped with vacuum chamber , effective refractive index(Rl) n., RI of porous film density (g/cm?) 0.978 1.382 1.33
absorbent and exhaust absorbent, and initial Rl with empty pores. pore volume (%) 46 25 29
Equation 1: Dle_lectrlc constant defined Table 2: Pore volume calculated by normalizing measured XRR film density
by Debye equation over bulk film density estimated from stoichiometry
20 | ! | ! | ! | ! | ! | I ' I ! | ! | |
1 Sample A (@ . 304 Sample B __D(b) 3
: . _ Comparison: PALS, EP and XRR
Q - .
g 30 - - g 20 - 7 Porosity/% Pore radius/nm
2 % " _ PALS EP XRR PALS EP
E 20 - - E _ 1 Sample A © 42 46 2.4 2.0
a0,
8 , | 8 101 ,-" s T it Sample B 3) 27 25 0.75& 2.2 2.1
— D’J e s i 4 : Pore radius (a.u.) -
F. 1 C t | . f §_ L I!:'r Hysteresis ; P o é 5 | Sample C @ 20 29 1.7 21 &3
ligure 1. Lross-sectional view ot an Figure 2 : Schematic cross-section of porous . . o | —=— Adsorption | . - - -
IBM 90nm microprocessor? structure composed of pores of various shape . Tgiii.rfﬁﬂiﬂ | ) o Desorption | _ Table 3: Porosity and pore radius comparison of PALS, EP and XRR results
and interconnection;? | | | | | T
00 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8
- - Strength Limitation
i — ' . . Relative pressure (P/P,) Relative pressure (P/P.)
: : : : : : : : : : ; i : SO ) » Do not characterize absolute porosity
_ o _ o _ _ _ . . PALS - Pore size distribution for non-percolated pores . Do not de PSD lated
Positron annihilation lifetime spectroscopy (PALS) is a radiation based porosimetry. Ps localizes in 0] Sample C (c) | | « I . microporous solids; - Pore interconnectivity derived from depth profile DIk [ghretiels el o reelElie] [glelies
pores and it annihilating lifetime will be reduced from its natural lifetime due to the collision with the pore «II. a non-porous or + Provide pore size distribution derived from isotherm e 10 closed
surfaces. The Ps lifeitme can be correlated to the pore size and size distribution. A particularly powerful = EP - Provide absolute porosity S”V"i‘lgﬁienss'mz ci)n(t:e(:?eere pg::it Calculation
. . . . . X 5. i : o . o .
feature of PALS is the ability to perform depth profiling to determine interconnection length. > E I macroporous, » Able to distinguish multi-modal distribution g may P y
« Total Ps intensity is indicative of porosity(A>C>B) £ | A *I. adsorbate-adsorbate « Straightforward porosity derivation from material  Porosity calculation —depends on  bulk
F suggests pore structure and interconnectivity (A>C>B) @ ‘o~ A Hysteresis .| | i | 2 interactions: ARIR density SEnEly7Er Rl
escape > | terct -Gl y A : o > 2 1/ 5 ’ « Lack pore structure detail
« Poreradius can be derived from annihilation lifetime fitting: bimodal distribution of sample B o A = . .
. . . ) Y IV. Capillary condensation; :
« Poreinterconnection length for sample Cis as 17nm e S N Conclusions
é e g o [ o1 V: Weak adsorbate-
_ e : : : : _ . . In this work, porous low-k thin films of various porosity and pore interconnectivity are
Table 1. Summary of PALS results; Ps intensity, F , pore radius and interconnection O : . ; : : : . o7
Y Y: Tescaper P - —‘—Adsorptl_Oﬂ i ' adsorbate interaction characterized using three types of porosimetry depending on different physical principles,
Sample A Sample B Sample C 4 Desorption *VI. multilayer absorption Positron Annihilation Lifetime Spectroscopy (PALS), Ellipsometric Porosimetry (EP) and X-ray
) ) I T R T Reflectivity (XRR), in order to study the advantages of each technique. PALS is able to detect
Dielectric constant 2.0 2.2 2.4 L ne L L L e y Y d) | udy - gb o q bsol .
Relative pressure (P/P.) Relotive Oresture — small pores and eva uate pore interconnectivity but not able to estimate a SO ute porosity or
Total Ps intensity (%) 34 (1) 8 (3) 24 (2) 0 distinguish multi modal PSD of percolated pores. EP provides absolute porosity as well as PSD
= (%) 98.2 (D 0 32,5 (2) International Union for Pure and Applied of isolated and_ percolqted pores but is not qccessib_le to cl_os_ed pores. XRR estimates porosity in
eseape Chemistry :IUPAC terms of material density but pore structure information is limited.
Pore radius (nm) 2.4 0.75 &2.2 1.7
Pore interconnection Fully percolated  bimodal pore distribution; Pore interconnected Figure 6. Adsorption and desorption isotherm and corresponding pore size distribution of Acknowledgments
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connectivity used to calculate interconnection length (L;,,)
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