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Abstract 

This work investigates the thermal stability and 
barrier characteristics of two species of silicon carbide 
dielectric films, a-SiCN with a dielectric constant of 4.9 
and a-Sic with a dielectric constant of 3.8.  The TDDB 
lifetime of Cu damascene metallization structure is greatly 
improved by using a a-SiCNI a-SIC bilayer dielectric 
stack as the etching stop layer (ESL). This improvement 
is presumably due to the a - S i c  dielectric’s lower leakage 
current, absence of nitridation on Cu surface, and better 
adhesion on Cu as well as OSG intermetal dielectric (IMD), 
though the a - S i c  film has a very slow deposition rate. 
We believe that the a -SiCNIa-Sic  bilayer dielectric is a 
favorable combination for the ESL because a-SiCN can 
protect a-Sic from plasma attack during the photoresist 
stripping. 

Introduction 

As the device dimensions continuously shrink, the RC 
time delay of the interconnect system becomes one of the 
most important limitation factors to the integrated circuits 
performance. In order to minimize the signal propagation 
delay, it IS inevitable to use low dielectric constant materials 
as the inter-layer and intra-layer dielectrics (ILD). While 
many low-k (k<3.0) materials have been used as ILDs, the 
silicon nitride with a high dielectric constant (k>7.0) is still 
the primary candidate for the ESL required in copper 
damascene structures. Thus, it is desirable to replace 
silicon nitride by new materials with lower dielectric 
constants to further reduce the effective dielectric constant 
of the Cu interconnect system. In recent years, increasing 
interest has been focused on the study of low stress and 
thermally stable low-k amorphous silicon carbide-based ( a 
-SiC:H) films deposited by PECVD using organosilicon 
gases [I-21. In this work, we investigate the thermal 
stability and barrier characteristics of a-SiC:H dielectric 
films (k<5). It tums out that the TDDB lifetime of Cu 
damascene metallization is greatly improved by using a 
bilayer-structured Sic dielectric barrier. 

Experimental 

Two species of PECVD amorphous silicon carbide 
with k values less than 5 are investigated wi1.h respect to the 
thermal stability and barrier characteristics. The a-SiC:H 
films, designated as SCI (a-SiCN) and SC2 (a-Sic) ,  were 
deposited on p-type, (100)-oriented Si wafers to a thickness 
of 50 nm. Metal electrode (Cu or AI) was ,deposited on the 
silicon carbide films to construct the 
metal-insulator-semiconductor (MIS) capacitor structure. For 
the Cu-electrode MIS capacitors, a Cu layer of 200 nm thickness 
was sputter deposited on the a-SiC:H films, followed by a 
reactive sputter deposition of a 50 nm thick Tab1 layer on the Cu 
surface for the purpose of preventing oxidation of Cu electrode 
in the subsequent thermal process. AI-electrode samples 
were also prepared by depositing 500 nm thick AI layers 
directly on the a-SiC:H dielectric surfaces. The TaNiCu- 
and AI-electrode MIS capacitors were then annealed at 
400°C for 30 min in an NZ ambient before any electrical 
measurements. Cu damascene structures were constructed 
for the TDDB reliability study. Fig. I shows the 
comb llserpentineicomb2 test structure and cross-sectional 
TEM micrograph of the Cu damascene structure employed 
in this study. A PECVD OSG (a-SiC0:H) film was first 
deposited to serve as the IMD. After patterning of 0.20 
p m  trenches in the OSG dielectric, the damascene Cu 
features were electrochemically deposited on a 30 nm thick 
TaN barrier. Following the Cu CMP, either a SCI (50 nm) 
single layer dielectric or a SCI (25 nm)/SC2 (25 tun) 
bilayer dielectric stack was .prepared as the ESL. The Cu 
damascene structure with a SC2 single layer ESL was not 
prepared in this study because of the very :.low deposition 
rate of SC2 dielectric. Finally, the damascene Cu structure 
was passivated with a USG capping layer of 400 nm 
thickness. 

An HP4145B semiconductor parameter arialyzer was used 
to measure the dielectric leakage current and prclvide bias for the 
bias-tempemture-stress (BTS). The thickness of films was 
measured using an N&K analyzer at 633 r,m wavelength. 
Fourier Transform Infrared Spectroscopy (FTIR) was used to 
analyze the chemical bonding of the dielectrics. The adhesion 
of films was measured using a 4-point bending technique 
[;I. The k value of dielectrics was determined by the 

200 0-7803-7216-6/02/$10.00 02002 IEEE 



maximum capacitance of the AI-gated MIS capacitors 
measured at I MHz using a Keithley Package 82 system. 

Results and Discussion 

Table I shows some basic data of the a -SiC:H 
dielectrics. Fig. 2 illustrates the FTlR spectra, and Fig. 3 
shows the film thickness shrinkage as well as dielectric constant 
as a function of annealing temperature (for 30 min in an N, 
ambient). Notably, the deposition rate of SC2, which contains 
no nitrogen at all, is much slower than that of SCI. The SC2 
film has a dielectric constant of about 3.8, while the nitrogen 
containing SCI film has a higher dielectric constant of about 4.9, 
presumably due to the polarization contribution from nitrogen. 
The substantial increase in thickness shrinkage and dielectric 
constant for both SCI and SC2 films at temperatures above 
500°C is attributed to the outgassing of methyl group, resulting 
in the decrease of Si-CH3, C-H, and Si-H peak heights, as shown 
in the FTlR spectra. 

Fig. 4 shows the leakage current density of AliSCliSi 
and AIISC2ISi MIS capacitors measured at various 
temperatures. The time dependent dielectric breakdown 
(TDDB) was measured on the TaN/Cu-electrode SCI (50 nm), 
SC2 (50 nm), and SCB (25 nm SC1125 nm SC2) MIS samples 
at 200T under a bias stress of 1 MVicm. Fig. 5 illustrates the 
leakage current transient during the BTS and the instantaneous 
leakage current density versus applied electric field (in 
accumulation mode) before and after the BTS. All the samples 
remained stable under the BTS up to at least 15 hrs. This 
implies that al! the dielectric bulk films were capable of 
preventing Cu permeation. 

Fig. 6 illustrates the results of leakage current 
measurements and breakdown field statistics for the Cu 
damascene metallization structures with SCI as well as 
SCB as the ESL. The breakdown field is defined as the 
field strength such that the Cu damascene structure's 
leakage current between comblicomb2 (grounded) and 
serpentine (positive biased) exceeds ImA. The Cu 
damascene structure with a SCB bilayer ESL exhibits a 
much lower leakage current and higher breakdown field 
than that with a SCI single layer ESL. The results of 
TDDB measured on the Cu damascene structures with SCI and 
SCB ESLs at 200°C under a bias stress of 2 MV/cm are 
illustrated in Fig. 7, while the time-to-breakdown of the 
damascene structures is shown in Fig. 8. The damascene 
structure with a SCB bilayer ESL has a higher value of TDDB 
lifetime as well as time-to-breakdown compared with the 
structure using a SCI single layer ESL. All these observations 
are attributed to the lower leakage current of SC2 dielectric bulk 
film (Fig. 4) since both dielectric bulk films were capable of 
preventing Cu permeation (Fig. 5). In addition, the adhesion 
strength of SC2ICu and SC2iOSG interfaces is superior to that 
of SCliCu and SCIiOSG interfaces, as shown in Table 2. A 
nitridation of Cu surface (CuN,) was observed in SCIiCu but 
not in SCZlCu by XPS (not shown). The ionized Cti atoms 
require lower activation energy for diffusion [4] and thus 

degade the TDDB reliability of Cu damascene structure. 
Since the SC2 dielectric has a very slow deposition rate, we 
believe that the SCliSCZ bilayer dielectric is a favorable 
combination for the ESL because the nitrogen containing SCI 
film with the SIN, compound can protect the SC2 film from 
plasma attack during the photoresist ashing process [ 5 ] .  

Conclusion 

The TDDB lifetime of Cu damascene metallization 
structure is greatly improved by using a a-SiCNia-Sic  
bilayer dielectric stack as the ESL. This improvement is 
attributed to the a - S i c  dielectric's lower leakage current, 
absence of nitridation on Cu surface, and better adhesion on 
Cu as well as OSG IMD, though the a - S i c  film has a very 
slow deposition rate. We believe that the a-SiCNia-SIC 
bilayer dielectric is a favorable combination for the ESL 
because a-SiCN can protect a-Sic from plasma attack 
during the photoresist stripping. 
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Fig. I (a) Schematic diagram of combli~erpentineIcomb2 lest structure and 
(b) cross-sectional TEM of the  Cu damascene st~uctu~c. 
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SCI and (b) SC2. 

FTlR spectra for two spccier of PECVD a-SiC:H dielectrics (a) 
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Fig. 5 .  (a) Cunent transient during BTS and (b) instanmaus cwent 
dcnsily vs. el&c field before and aner BTS (200°C and IMVlcm) for 
TaNICuISC l lSi, TaNICdSC2/Si, and TaNICulSCBlSi MIS capacilors. 
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Fig 6 Leakage current vs elecuic field, measured ai vanous temperatures. 
for Cu damascene metallization structure with (a) SCI and (b) SCB ESL: 
histogram of  breakdown field for the Cu dama:;cenc metallization 
struclu~o with (c) SCI and (d) SCB ESL. 
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Fig. 1. 
damascene S ~ ~ U C ~ U T C S  with SCI and SCB ESLs. 

Current tranricnt during BTS (2MVlcm at 200°C) for Cu 
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Fig. 8 
Cu damascene structures with S C I  and SCB ESLs. 

Table 2 Adhesion strength of a-SiC:H dielectricrlCu and a-SiC.H 
dielectricslOSG interfaces, 

Time-to-breakdown vs. various BTS stress fields at 200'C for 

Film Scheme Adhesion G c  (J/m') 

Si/PE-OX/TaN/Cu/SC I 

Si/PE-OX/TuNICu/SCZ 

SiIPE-OXISLNIOSGISC 1 

Si/PE-OX/SiNIOSC/SCZ 51.34 
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