m/..:,,; EUV microexposure capabilities at the ALS using the 0.3-NA MET optic

A

Patrick Naulleau', Kenneth A. Goldberg!, Erik Anderson', Kevin Bradley!, Rene Delano!, Paul Denham', Bob Gunion', Bruce Harteneck!, Erian Hoef?,
Hanjing Huang', Keith Jackson', Gideon Jones!, Drew Kemp!, Alex Liddle!, Ron Cort!, Al Rawling?, Seno Rekawa!, Farhad Salmassi!, Ron Tackaberny?,
Carl Chung?, Layton Hale2, Don Phillion®, Gary Sommargrens, John Taylor

1Center for X-Ray Optics, Lawrence Berkeley Mational Laboratory, Berkeley, CTA 34720
= L awrence Livermore MNational Laboratory, PO Box 808, Livermore, CA 34550

New 0.3-NA MET-based microlithography | | Print-site wafer height sensing provided 6-inch MET mask suppurts 35 fields
station soon to be operational at the ALS by 3-channel grazing-incidence device - e S
e . - ‘4‘ dual active area uncerasay
EUY Interferometry MET Printing Station F_..--'""_F diode (35 fields) =Patterning by
single o CHEO e-beam
channel netrology * Nanowriter
‘“t = e o sEtch by inter
: ==uppotrt 30-nm
fiber-coupled nested festures
facusing optics | =35 indepe ndent
200x600
» Differential currert syvstem for field}; =
common-mode |aser-noise e
Features SUppression | —— '-_--=H meliﬁjrm;
. i - . : i * Ultra-lowy noize detection .
Sub-30-nm resolution 0.3-MA MET optic Sub-10-nm resolution height zensor e i e Typical 153-mm (on 5% mask) field fayout featurfas for field
» 200x600 pm field of wiew » Wafer dose serzor (1% doze cortrol) waCUUm assembly selection
* [@-hinterferometry support = d.inch wafer E-chuck o L e e i L d N
* Programmahble coherence illuminstar = Wafer stage with vacuum load-lock WI Dd e I N g c anlrmﬁ gﬂ Dd | ITIEIQ in g
= Reticle dosedllumination sensar manual transter o - -
Ll S5 B N R == b performance at 30 nm and below
* Reticle stage with manual transter " Pupil-fill manitar - I TN B sensor demonstrated to have Aerial image irtensity  Image in 'd'?;' TESIEL:
g f -2! V { | 1.3-nm noize floorfresolution &2 = Vizible-light weawefront
o , | | "2 nmoms 2 (0.56-nm rmz in first
i i 17 o = .. | T
Programmable coherence illuminator A um mavesil IS 2w s 1= i 37 Zernikes)
a o0 400 B L = 30-
. E 2 30-nm festures
supports o<=1 and arbitrary pupil fills 3; | - &l ilumin stion
S i T i b BT 03=ag=038
. Height-sensor installed and R
T - preliminary alignment in process T T ek el
axiz pugpil-fill ¥ |n_ L5 s[:annn_ars Love-speed 2 I T 2
sCanner provide stationarity figldl 5 i3 IR LT, 5 0.08
over large FO uniformity MET = I R I B o Ideal HILS
sCanner secondary 5 5 s limited resist
& :
i 1]
& = poo
15 20 25
CD (nm) CO (rm)
20 scanner Good process window predicted assuming ideal resist
i = Vertical lines and spaces
Toroid, zcannet 2 R
re-imaging optic RS R T Process window limit: +-10% CD n:.hange, HILS =2
= __=========::=_..-.--- - Supports 200600 mm field » DOF based rectangular proces:s window with 10% tatal EL
% = Stationarity and uniformity i
£ i . P B G PR L, EUY-2D not expected to support
Supports 200-ms exposures nza Lo Euv. 2|] W 0.3-HA MET optic resobution limit
E- 020 1 * Latest Shipley ELN-2D mode *
Typical EUV pupil fills achieved with abrication ol supsysiems complete S o0 + Process window limit; +/-10% CD
- . X = change, no sidevwall constraints
0.05 '
scanning illuminator and final assembly underway o L
- :

process swindowy with 5% total EL

CO rm] * Mo measurable DOF below
* EUN20 model courtesy of 50-nm CD with 10% EL
Stewart Robertson, Shipley

25 30 35 40 45 50 S5 G0

Coherent Dizk = 0.5

Full
pupil

» @ crozs field alignment of MET optic completed

* Final azzembly underway, first resultz expected in Movember

= Programmahble illuminator expected to enable 1 5-nm resolution
Summary = Swatem to provide early learning for 32-nm node

= High-rezolution resist development

Annulac iotated Dipole  §E-Channel
e 1/ ||

= High-resolution mask qualification

Fupil fills recorded in ETS-hased ALS printing station

= Defect printakility, mitigation, and repair

.
VIVE=_. B v —




