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Abstract 
We have developed different SixOyNz antireflective 

coating (ARC) films for many different substrates for deep-UV 
lithography and implemented them into sub-0. l Sµm logic and 
Gigabit DRAM frontend and backend processes. The SixOyNz 
film has dual functions: reducing substrate reflectivity to a 
minimum, and serving as a hardmask for poly and metal etch. 
These properties of Si,OyNz are crucial to tight CD control and 
fabrication of unique device structures. Plasma damage from 
ARC deposition is negligible. Using the designed Six'2x_Nz and 
linewidth reduction etch, sub-0.lµm metal gate nMOStbTs are 
demonstrated. Backend sub-0.25µm multilevel metal patterning 
and etch with SixOyNz produce excellent metal profiles and 
100% comb yield. A designed ARC also produces superior 1 
Gigabit DRAM O. l 6µm storage node contact patterning. 

Introduction 
The advantages of using antireflective coatings (ARC) 

for very small gate fabrication and critical dimension (CD) 
control have been reported on biased etch with organic ARC for 
I-line lithography [ J ], and for the inorganic ARC for sub-0. J µm 
gate fabrication in DUY lithography [2], however use of 
SixO,,_Nz ARC for frontend and backend processes in both Logic 
and uRAM has not been reported. TiN has been used as an 1-
line metal ARC but reflectivity is high (20-30%) in the DUY 
region. The high reflectivity of poly, metal, and poly/metal 
stack with oxide/nitride in lG DRAMs has made DUY small 
feature patterning very difficult. 

The reflectivity coupled with highly transparent 
photoresist degrades CD control particularly over rough, grainy, 
and topographical surfaces. The use of Si,OyNz ARC to 
eliminate reflective notching, to tightly control CD and to 
provide an etch hardmask has therefore become very critical for 
today's sub-0. l Sµm technology. This paper describes the 
design and implementation of SixOyNz ARCs for sub-0.lµm 
poly and metal gates, 1 G DRAM sub-0. l Sµm storage node 
contacts, and backend multilevel metal interconnects. ARC 
applications for 0.05µm poly gate NMOS transistors, for 1 G 
DRAM frontend patterning, and for sub-0. l Sµm device backend 
multilevel metal interconnects are presented. 

ARC Design and Lithography 
ARCs work by phase shift cancellation of specific 

wavelengths. The three optical parameters of the SixOyNz film: 
refractive index n, extinction coefficient k, and thickness d are 
specifically designed to ensure the reflected light that passes 
through the ARC/substrate is equal in amplitude but opposite in 
phase to the light reflected from the resist/ ARC interface (see 
Fig. 1). More details about the design of SixOyNz ARC have 
been described in reference [2]. Fig. 2a shows a reflectivity 
contour map of a specifically designed SixOyNz ARC for Al with 
wide n (2.1 ±0. I) and k (0.15±0.05) windows, Fig. 2b shows the 
reflectivity change is les§ than 2% when the ARC thickness 
varies between l 20A-360A. 

DUY exposure latitude and depth-of-focus are much 
improved with the designed ARC. Fig: 3 shows the focus 
latitude with the ARC film for poly patterning. A l .2µm depth­
of-focus is obtained for 0.25µm features. Fig. 4 depicts the 
measured CD variation with the change of ARC film thickness. 
The CD variation ~s less than 5% with ARC thickness varying 
from 250A to 550A for a 300A ARC. SixO N, ARC is used to 
pattern O. l 6µm resist lines on polysilicon. O.OSµm gates are then 
formed using etch bias of 0.11 µm. Excellent poly gate profiles 
were achieved, as shown by SEM and TEM in Fig. 5. 

Results and Discussion 
Sub-0.lµm metal gate NMOS transistor: In the replacement 
gate process, DUY patterning with a SixOyNz ARC and 
linewidth reduction etch are used to fabricate poly gates down to 
0.05µm. An oxide is deposited after source/drain implants and 
then removed from the top of poly gate by CMP. The poly gate 
is then removed by chemical wet etch and a 20A gate oxide is 
regrown. Metal is deposited and etched to form the T-shaped 
metal gate [3]. 
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The use of SixOyNz ARC is crucial to fabricate 0.05µm 
poly-Si gates with DUY ltthography. The selectivity of SixO Nz 
during the linewidth reduction etch and poly-Si overetch further 
helps in maintain intact poly-Si lines where the resist thickness 
is marginal, such as for poly-Si over topography. Fig. 7 shows 
such a sub-0.lµm T-shaped metal gate (W or Al with TiN 
barrier). Fig. 8 shows output characteristics of 0.05µm W/TiN 
metal gate NMOS transistor. Fi~. 9 shows the rolloff of Vt 
measured at V00=1.5V for a Al/T1N metal gate transistor using 
2.0nm oxide for several cases with and without a channel 
compensating arsenic and boron implants. 
Sub-0.25µm multilevel interconnects: Pattern and etch of 
0.20µm metal lines with excellent electrical properties have 
been demonstrated using SixO Nz ARC in backend multilevel 
metal interconnects. Fig. JO shows SixO\'.Nz not only functions 
as an ARC, but also serves a hardmask tor etch. Without the 
SixO Nz layer, metal erosion is observed due to the aggressive 
metal etch. It is interesting to note that resist selectivity for 
metal etch can be increased using SixOyNz ARC layer, although 
the cause is not clear. More resists remains after metal etch with 
the presence of SixOyNz. Fig. J J shows excellent metal profiles 
using the ARC. Electrical probe indicates a perfect cumulative 
distribution of electrical linewidth reduction and 100% comb 
yield. Fig. 12 shows such a distribution with different metal 
etch processes. The mean electrical critical dimension loss is 
less than 0.02µm with tight distribution for both 0.25µm 
line/space and sub-0.25µm features. Comb resistance greater 
than !ES ohm with tight cumulative probability distribution is 
shown in Fig. 13. 
lG DRAM: Fig. 14 shows JG DRAM storage node contact 
holes patterning. Without ARC film the holes have funnel-sharp 
pattern (a), with Si,OyNz ARC the O. l 6µm contact holes are 
perfectly patterned (b). Inorganic ARC. such as SixOyN,, is 
important for 1 G DRAM processing. Substrate topography 
damage has been observed when organic BARC material is used 
for patterning and etch because organic BARC etch is relatively 
non-selective. 
ARC Process and Plasma Damage: The ARC stack is 
deposited in a cluster PECVD system. The n and k values are 
tuned by varying the process gas flow ratios. Excellent 
uniformity of n and k is obtained with a manufacturing 
deposition process tool. Plasma damage during ARC deposition 
was evaluated using a Keithley Quantox system. Surface static 
charge voltage (Vs) was measured using a vibrating Kelvin 
probe, and flatband voltage (V1b) was measured using surface 
photovoltage, in which a pulsed light source is linked to the 
Kelvin probe and enables the stimulus and detection of surface 
photovoltage (Fig. 6). The plasma damage was measured with 
PECVD oxide and thermal oxide as references, and correlated to 
our previous Predator device plasma damage studies. Plasma 
damage for ARC deposition was negligible from Quanto~ 
measurement, the Vs was 0.33V and V1b was 0.37V for 300A 
ARC film, compared to 0.30V Vs and 0.21 V V1b for 300A 
thermal oxide. Particle and metal contamination levels from 
PECVD deposition are not issues for ARC process 
manufacturing. 

Conclusions 
In summary, we have designed specific Si,OyN2 ARCs 

for various substrates for deep-UV lithography. Fabncation of 
O.OSµm metal gate CMOS devices with excellent channel length 
control was demonstrated. Better CD control and large focus 
latitude were achieved using the inorganic ARC in DUY 
lithography for poly, backend multilevel metal, and JG DRAM 
processing. The hardmask function offered by SixOyNz ARC is 
crucial and beneficial to the fabrication of continuously scaled 
features. These results suggest great promise for extension of 
this technique to all levels of DUY patterning for sub-0. l 8µm 
advanced technology manufacturing. 
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Fig. 8. The 0.06µm transistor output characteristics. 
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Fig. 2a. Reflective contour map 
for Al metal ARC (250A). 

0.35 

40 

20 

0 

__ ........ · 

20··'40 60 

ARC (nm) 

40 
Fig. 2b. Reflectivity 
vs.thickness of the ~ 
ARC. Reflectivity G? 
change is less than 2% 'ii 
when ARC thickness Q 

80 varies from 120 to 
360A. Optimal 
thickness is 250A. 

> 
@ 

z 
!> 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 
0.4 

0.2 

Al/TiN Gate 

Tox=2.0 nm vs .. 

channel doping 

VT 

4E13 Btcm2 
1 E13 As/cm2 

'E 0.3 -10° 
0.0 l;;;;;;;===-=~~~=:=O:--~~~ 

2. 0.25 
Q 

0.2 

0.01 1.00 0.10 
Gate Length (µm) 

+10 0 
0 

~,,, 
Fig. 9. VTN for VD=l .5V for Al/TiN gate NMOS transistor. 
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Fig. 3. The depth-of-focus is l.2µm with ±10% CD variation. 
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Fig. IO. SixOyNx as an ARC and hardmask for 
metal pattern and etch. 

Fig. 11. Metal etch profile of 0.20 and 

0.24µm lines using the ARC. 

250 350 450 

ARC Thickness (A) 

550 99 ~------~~-~ 

Fig. 4. Low CD variation with variation of ARC thickness. 

Fig. 5. SEM and TEM of 0.05µm poly pattern. 
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Fig. 12. Cumulative electrical line 
width reduction measurements with 4 
different etch processes. 

Fig. 6. Schematic setup for ARC film plasma damage studies. 
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Fig. 13. Tight metal comb resistance 
cumulative distribution with 4 
different etch processes. 

Fig. 14. JG DRAM 
storage node contact 
holes patterning. Without 
ARC film the holes have 
funnel-sharp pattern (a), 
with Si,QYN, ARC the 
O. I 6µm holes are perfectly 
patterned (b). 
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