Exposure Tools

1. Exposure Tool types
2. Alignment systems
3. Focus/Leveling systems

4. Illumination and Projection Optics
Designs

5. Water Stages
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Exposure Tools

reference: 157 nm Technology: Where Are We Today?
Jan Mulkens, Tom Fahey, James McClay, Judon Stoeldraijer, Patrick Wong, Martin Brunotte, Birgit
Mecking

35 no contrast 157 nm (45 nm)
no contrast 193 nm (55 nm)
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no contrast 248 nm (75 nm)

100 ected first use
1657 nm
130 | no contrast 365 nm (140 nm)

first use 193 nm

projected first use 365 nm
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1, Exposure Tools : Microlithography Topics

http://www.iue.tuwien.ac.at/publications/PhD%20Theses/kirchauer/node17.html#fig::PRprosys

Figure 2.3: Sn optical ithographs tool senerallss consists of an illummainator,
a photormnask, an optical systermn, and the photoresist spaamed on tope of the
wrater., The Whithogaphw process 12 based on the abilitsy <of the phhaotoresist to
store a replica of the photomaslc thaat 1s used for subseguent processing
step s, e = . etching, deposibion or armplantatiorn.
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1. Exposure Tools :
Contact/Proximity/Projection Printing History

1x Full Wafer Contact/ Proximity Printing

1x Full Wafer Scan Projection Printing

10x Reduction Step-and-Repeat Projection Printing
1x Step-and-Repeat Projection Printing

5x Reduction Step-and-Repeat Projection Printing

4x Reduction Step-and-Scan Projection Printing
F O fengasies, F T Dae, Saltn! Sare Techns!, po 57 fddfareh £ 905
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1. Exposure Tools :
Contact/Proximity/Projection printing

COMTACT ALIMGMER PROXIMITY ALIGMNER PROJECTIECH ALIGHER

i'i
m—

lp'.-'
soract ko ea-:pl:-':iﬂ; le=ss wwesar an rreesk, Gl
separale far align. paorer imagpe than fom o
. cl mbgner.
Exarnples: @ cantacl aig
Kaspar 175 Exarples;
Chries| Kas psar- Cobil

Kiarl Suss WLIBS Cntrphes:
Pearkin-Elmer Micralign

Projection syslems use imaging oplics
in Bebwesan the mask and the aaker
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1. Exposure Tools :
Contact Printing Tool

Mercury Lamp

Elliptical Reflactor

Integrator

Fold Mirror

| Condenser Lens

Mask

Wafer =
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1. Exposure Tools :
Proximity Printing Tool

Elliptical mirrurf"' Dichroic mirror

Hg lamp

Cold mirrdr coating
Heat absorption filter

Fly' & eye lens integrator

Folding mirror

-

Gap sen rﬂanal

Off-axis
parabolic — Base
mirror frame

Maskix.y.8 Etagajﬂl ignmeant unit
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1. Exposure Tools :
1 X Projection printing

* The first projection printing systems were 1:1 systems
introduced by Perkin-Elmer = 20 years ago.

* These systems require full water 1X masks which
become more difficult to manufacture as wafers get
larger and device dimensions smaller.

* Today’s steppers are almost all reducing machines -
2X to 5X.

* This makes the masks a lot easier to make and the
optics are required to be “perfect” over a smaller
area.
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1. Exposure Tools :
1X Projection printing

e Perkin Elmer Abe Offner Design (1973) (top
view) 1 X system

Mask

Mirror Mirror

Wafer
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1. Exposure Tools :
1X Projection printing

» Perkin Elmer Micralign scanner Design (1975)
(top view)
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1. Exposure Tools :
1 X Projection printing

e Perkin Elmer Micralign 1X scanning system

Light Source

®

Dptical System

Scanmning Carriage
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1. Exposure Tools :
1 X Projection printing

« Catoptric all Mirrors: Perkin Elmer Micralign 1X
scanning system PE500

— Illuminated arc

Spherical .

primary +/ .- Start of scan

I i

II sphencal @ “T )

' ﬁ::cnndar}r Scan direction F/3.0 cone
\ ' /

.'“'-._‘ Objeet plane Image plane

=~

] : ’ H-.
Near-concentric o Shell corrector
biective Axis of
objective (Lypical)

symimetry
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1. Exposure Tools :
1 X Projection printing

* 1995 step and scan: SVGL scanner Micrascan:
Catadioptric Projection optics ( mirrors and lens)

Primary Mirror: Mag Start

[ 23
' I [ cticle  Scan -
Mirror f. ! : /‘
| = \

.. 2in.

' N Beam Splitter: | \

Waler — Polarization rotation
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1. Exposure Tools :
1 X Projection printing

1980: Ultratech 1X step and repeat system( Wynne-Dyson Optical
design ( Wynne 1959)

( R. Hershel modifications to catadioptric design: achromat and fine tuning 1981)
Optical design setup to “cancel” Aberrations!! (symmetrical!

Broadband illumination called gh line

Mlirror

- Refractive
achromat Mask
| ) ‘ >
_ | Folding
FPrisms

Figure 4. Catadioptric projection lens used for step-and-repeat.

This low-aberration system allows for a much broader hand of
wavelengths, is simple in design with very few elements, and is
symmetrical.

L]
=
)
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1. Exposure Tools

Projection printing: Example 2: Typical stepper GCA 1979

Light source

Homogenizer

Condenser stop

Condenser lens

T Mask and stage

Projection lens

| L 1 ] Wafer and stage

Figure 1. Eszental elementz of a photolithographic “stepper”™ used for exposing
semiconductor wafers, The condenser stop controls the degree of coherence of the
tlumination. The numencal aperture IMA - of the projection lens is defined as sm 0,

where & iz the half~angle of the cone subtended by the clear aperture of the
projection lens at the wafer The uniformly dluminated mask i3 imaged onto the
wafer with a magnification A that 15 typically around 155 (Adopted from [1])

Brainerd/photoclass/EESXX/Exposur
e Tools/EXP-Tools

15



1. Exposure Tools
Projection printing: ASML 5500/XXX stepper: I-line

Projection Lens
Ilumination Sigma or

Wafer Stage
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1. Exposure Tools

Projection printing: Typical stepper

Step and repeat

camera: Typically

a reduction tool:
1.e. mag <1.0X

*10:1 system Mag =0.10
* 5:1 system Mag = 0.20
* 4:1 system Mag = 0.25

Exposable
region
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1. Exposure Tools
Projection printing: Typical stepper Wafer Stages: The stepping pattern

Basic Step pattern: BOUSTROPHEDONIC

Of or relating to text written from left to right and
right to left in alternate lines.

Exposable
region

Mainly of interest to paleographers, this 1s a form
of writing which occurs principally in very
ancient or rare texts. Examples are the rongo-
rongo script of Easter Island, some of those in the
Etruscan language, a few early Latin inscriptions
and some ancient Greek texts created in a
transitional period at about 5S00BC before which
writing ran from right to left but afterwards from
left to right. The word is itself from the Greek
meaning "as the ox ploughs". It is sometimes used
by computer specialists for a form of optimization
in typesetting software or printer drivers.

___________

__________________
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1. Exposure Tools

Projection scanning printing: reticle and wafer move
through slit of light Nikon scanner

1
@ Haticle Stage for Scan
Reticle /

Wafer

Brainerd/photoclass/EESXX/Exposur
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KrF Excimer Laser
llumination System

Reduction Lens

1
‘ l Wafer Stage for Scan
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1. Exposure Tools
Projection printing: Step and Scan

Step and scan camera: Expoibl
Typically a reduction tool: e
i.e. mag <1.0X.

During exposure: Reticle
moves through slit of light
while wafer moves

Speed of wafer movement 1s
X times slower than reticle

Ratio Wafer stage speed
/Reticle stage speed = X mag

More uniform CDs and
registration
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2. Alignment Systems

Registration = Result of Alignment

Tt layer 2nd layer added ard layer added th layer added
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2. Alignment Systems

Alignment.Optical mechanical
system that locates a reference
feature and positions the wafer for
the “correct location exposure™.

Reoistration: Measurement of how
well alignment performed.

Overlay is the edge to edge
placement of two patterns which is
a function of registration and CDs

DESIGN RULE GENERATION SCHEMATIC

Max OL arror

L

COL+ic

‘-‘i—{:ﬂu-ﬂ-u 4{

1. The maximum allowahle overlay shift shown
as the center-to-center distance.
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2. Alignment Systems

. Registration ' OVERLAY MEASUREMENT
TEST STRUCTURE
Measurements:

L. Ly 2 ~—

. Require special test (T 4= el B

structures to h?’“\ M"......-q_ l
measure registration . | '
errors in X,Y %“-—j_///

displacements.

—>

Overlay arror = Centerling detesmination = CL, [l CL, I

([
Remember the goal 2. A box-in-box test structure is commonly
18 0.0 nm error!! used to measure overlay error.
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2. Alignment Systems
Registration Error is presented as a distribution.

The Goal i1s 0.0 error
Bl
mx -
07 Oy &
40 T
=
Q
& 30r
=
O 201
. . L.-
Registration error
terms (these are all r
Grid Terms) i
) -0 40 -0 <20 10 0 10 20 30 40 30
registration error [nm)|
feanslation X lranslation Y nger nger Waf_er Non-ortho | Mean+ 30 | Mean + 30
(36, nm |3¢, nm| scaling A scaling Y rotation [3a, urad] A Y
' |3, ppm| |3, ppm| |3, urad) [nm] [nm]
15 15 0.159 0.15 0.099 0.15 48 48
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2. Alignment Systems
Registration Error Terms: Grid: Wafer Terms

Grid Rotation Grid Skew

Grid Y Mag Grid X Mag

0.50 PPM scale
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2. Alignment Systems
Registration Error Terms: Field: IFD Terms

- . L T - = [ 1 I i i s - - - SN Q
) oo o A h D
R Co 1 ! )
- - . R L SRR / Y
o o G| Ly T T /
- - = = = I N e
System Skew Field Skew Field Rotation
1 7 I Y R S S S S A I ER—
S i { ' E 1 1 i i i i 1 i I — — R —
-~ ! 1 ~ et ! ! ! ! ! ! i 1 — - - =T
VAN S R NN S S S B NS NS B T - - - - - = 7
Field IsoMag Field Y (optical) Mag Field X (scan) Mag

2 PPM scale
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2. Alignment Systems

Registration Error Terms: Field: Lens Matching

Stepper B Stepper C

Stepper A
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2. Alignment Systems
Canon ES-3 Off Axis Alignment OAS-AGA

. . High-magnification
Fiber optic from ALS rr i‘" HRD CCD camera

(For off-axis AA)
Focus sensor Relay lens ‘
— Erectar
[lumination

AF reference [ operture ’_L
Relay |
AF illumination [I el . ?thﬁuvnlljir}u

Field stopper High-magnification
switching .
AF reloy lens Relay lens 1 \ |~ :Elhr;iiimtinn
Stopper v er&glur
= <.,
. Half-wave
OA scope  Relay lens Prism plate
prism oSM -
o Stopper  Low-
Objective lens magnification
erector
|
|
LED
Wafer
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2. Alignment Systems

Canon ES-3 Off Axis Alignment OAS-AGA

Alignment system locates marker
and finds center of gravity for
each axis. Wafer alignment
markers located in wafer
scribelines 2 types

I

XY8: 80 x 80u III

I

XY Mark
20P-4FD

100x 120 u

Needan X and Y
marker

Brainerd/photoclass/EESXX/Exposur
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2. Alignment Systems
Canon ES-3 4X Scanner Wafer Alignment System
Description

There are 5 bright field alignment illumination Modes on a Canon ES-3 UV
Scanner:

1 [B-B/W] broadband 590+/- 60nm

2 HeNe/ Normal 632.8 nm

3 HeNe/ High 632.8 nm high coherence

4 [B-B/S] broadband narrow 560 +/- 35nm

5 [B-B/W] High broadband high coherence
590+/- 60nm ( Only on ES-3)

There are different align marker illuminations designed to improve
marker signal to noise ratio for various wafer thin films.

Brainerd/photoclass/EESXX/Exposur
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2. Alignment Systems
Canon ES-3 Off Axis Alignment OAS-AGA

| m— |
— Alignment
— signals for
— various
— alignment
| e— . . .
illuminations
20P-4FD
Align Marker

Mode 3 Mode 4
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3. Focus and leveling control

Goal: Maintain set distance between lens and wafer There are 3
types:
1.  Grazing angle: ASML, Nikon, and Canon

2. Capacitance: SVGL and Optimetrix

3.  Air Probe: Ultratech 1X

A

\ Maintain gap /
Gra . 1 \4 /
Zlng apg c % Wafer image
non-actinic
plane

radiation
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4. Illumination Systems: Partially Coherent ( On-Axis)

Kohler illumination o (sigma) 1s the so-called partial coherence factor or fill factor
Sigma = NA/NA,

| 2 :‘.I-

Mask

Condensear lens

Equivalant Entrance Pupil

I
I
e —
'l'
== S
;.
% Projection lens
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4. Illumination and Exposure Systems

reference: http://www.asml.com/support/94086.pdfG.

A High Throughput DUV Wafer Stepper with Flexible Illumination Source
J. Stoeldraijer, SEMICON Japan 6

ASML 5500/300 4X scanner:248 nm KrF; 0.57NA 250nm node:
refractive optics: variable illumination!

Off-axis illumination
OAI

Zoom Slgma conirel ler
highest Intenslty B thraoughput
gt all lluminator esttings E

Cymer
10_'-'( 1G00Hz Haam
Excimer Laser positian
=1
Fleld curyatures
cantral
LN Ln
] ) Tailor mede baam
Mitregan purging delivery systam for
for cantaminatinn the remate laser
free DUV optlos installatien, 4<I30m|
maximizes clean
ream Space.
Ed
painting

Figure 3  Optical light path in the PAS 5500,/300
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4. Illumination and Exposure Systems

reference: http://www.asml.com/support/94109.pdf
Christian Wagner etal, Advanced Technology for extending Optical
Lithography, SPIE 2000 Santa Clara, CA

Mask

Lasar puu Resisl Tachnology System lssues
248 KrF |laser availabls hlgh-l"-.l-‘-f'..n:ptma with  |supports evolubion to werkahle
fusad silica <130 nm
high-MA optics with
ArF |laser available  |fusad silica and contrast, production  (nasd material for
193 : . :
cakium fluoride worthiness aftPSh
Fa laser undear I;ﬂﬂf‘ﬁﬂﬁ;;‘:: 4 |kigh ahsorotion modiied lused sibea |
167 rom devlapment : : 9 g substrate, develop g,
possibly alternative contamination
. peliche
fluarides
catoptric has limited
MA no material {7,
128 rify fio lage L Iy b el oped o f it He
r catadioptric nesds | “# reflective masks LI
lans matarial
Table 1: The issues concsrning wavelength raduction,
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4. Illumination and Exposure Systems
DUV

Output Spectrum of Hg Arc Lamp

R =k, MNA
2.0 T T T T
" Source: 1600 Watt HP H F - Changing
. F 1 " 1 Wavelengths
I ) > 1 248nm
§ - 365 I"I:‘I E E \
248 nm "."? 1_‘:..-_ E ] 193 nm
S \ : 157 nm
0.5 | a
i \ :
i . EUV (13 nm)
09 = = s %0 \

‘Wavelength in nm ——

X-ray
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4. Illumination and Exposure Systems DUV

reference: http://www.asml.com/support/94109.pdf

Christian Wagner etal, Advanced Technology for extending Optical Lithography,
SPIE 2000 Santa Clara, CA
Frefarmed
High NA-Design ) System
Option Coatings Materials Laser Integration
fused sillca avallable, |06 pm 1a 0.3 pm
24E i Refractve evalulion larger bank sizes barchwidth standard
neadad
fused silica avallable,
| larger blank 5zes 0.6 pm 100,3 pm
193 fifm Refractve ﬁ?":;??u"f"t fo needed under developrent | standard
g CaFp volume and
guality
Beam splither . . | CaF 5 welume and =1 pim bandwidth solutian with elthe
1 Fl E'
157 niem Catadiopiria wio 3‘::':&”::'3?“ coating guality avallable aff-axis fleld o
peam spliflar a abiscuraton
Rafractive AR coatings urdei 2nd materlal for color |<1pm bandwidih ctandard
denalapmeant GOFTeCan urder devalapirmenl
Table 2:  Predened design eptions for 248 nm, 123 nm and 157 nm,
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4. Illumination and Exposure Systems

reference: SVGL Micrascan III and 11+ manual

SVGL MS III+ scanner: Layout

Beam Conditicner {Inside Condanser)

Micrascan Enclosure HE(.II"I':':IEI"ISET 1% Relay
i

Exciumer Laser

\ Akbenuanar | Frojection Optics

Wafer Stage

Basalranss

A
Eridge .
Wiataer Plans I:lE-DIEtIEH"I Strsclure) Feticle Plans

Brainerd/photoclass/EESXX/Exposur
e Tools/EXP-Tools

38



4. Illumination and Exposure Systems

reference: SVGL Micrascan III and 11+ manual

SVGL MS III+ scanner: KrF Laser requirements

Table 1. Exeimer Laser Specifications

Item

Specification

Wavelength setpaint Range

248 355 nm + 0.125 nm

Yavelangth saetpoint Slability + 0010 nm

Spectral bandwidih 2l pm <= BW = 300 pm*®
Fulsa Frequency 1000 hertz

Minimum delverad pulse energy 15 md

Maximum J0-pulsa averags + 0.7

variatian

Palanzation

= 97 .5% linearly polarzed along the shart axes

Average polarized output power

15 walls

Cutput beam dimensions

4 +1mmx 15+ 4 mm

Safety compliance

CDREH Class |V and 52-93

Maximum electneal consumplion

9 kW,

* prm = picometers or 107 meters

Brainerd/photoclass/EESXX/Exposur
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4. Illumination and Exposure Systems

reference: SVGL Micrascan III and 11+ manual

SVGL MS III+ scanner: Dose Control: mj/cm2 =
mw/cm2*(slit widthin mm)/(stage speed mm/sec)

Note Polarization Orientations

Rotatable bearmsplittar Wertical polarization Vartical polanzation
cube to contned mbensity at cormponent of beam campanent of Beam
the wafer plane 5 reflected into is reflecied inte
5 o beam dump beam dum
Polanzalion isin eam Lumg
the horzantal Beam Lure
plene (ptena © b
the paper)
= Attenuator
Fold Qutput
Mirror

[ —
l

Polarizaban 15 in Horizontal polarization
the horizontal Harizontal polarization componend of beam is
plane (plane of component of beam is transmitled
the paper) transmitted through the
beamsphiter .
Collimator Lens
Fixed beamsplitter \

cuba controls the plane

of palanzation Fiber-oplic cable
o ransmits visible ser
otical ' S light to collimator
Beam Multiplexear Elmdrlm:::bllaesggrm
from (MILEX) 4
laser

Figure 2. Optical Diagram of the Attenuator
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4. Illumination and Exposure Systems

reference: SVGL Micrascan III and 11+ manual

SITEY L |".--E'.'_IE“."':|I5
Nammepider relecds 194 s Engiiar o 54 et o
ricidani Bumiretion 1o sha ight incizent al tha mage
sty Rondcs P s paned Ths
L araulir dskAbutee o kil
i = 1 =
g

g &

wrtical Dadmar Thinis he
niaTrekale g placs,
e i Preald abas. | Fee vkl
O e B Tl B Tl
TodaChd [l D O el [
UG arad kwer eages of e
posure ekl

SVGL MS III+
scanner: Optics

Re.lay. OpthS. Aperture to
Bringing define partial
illumination to reticle coherence
plane
Slit
Reticle /"hL
41
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4. Illumination and Exposure Systems

reference: SVGL Micrascan III and 11+ manual

SVGL scanner:
catadioptric Projection
optics ( mirrors and
lens)

Wavelength: 248nm:

Resolution: 180nm

Adjustable slit: CD
control

Overlay: 45nm T
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4. Illumination and Exposure Systems Projection
printing: SVGL Micrascan MSIII+scanner

Note: polarization
orientations

it ﬁpﬁm::lb-\_plll'l:ﬁ-\_lﬂ e e b (Dl rese, o O
EI:'._'; =l Mre [ MR b s Tl (i o vl et
1 T |
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4. Illumination and Exposure Systems

reference:http:// www.semiconductorfabtech.com/features/lithography/articles/edition9/ed9
a2 2.shtml

« 4X scanner: Reticle and
wafer stage move in
synchronization using
an illuminated slit:

* Reticle moved through
illuminated slit of light

ADVANTAGES:

Scanned Field Length limited by the reticle (up to
° Larger field Size 52mm with 9" reticle).

« Improved overlay and
CD: aberrations and
field distortions
averaged out
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4. Illumination and Exposure Systems

reference:http://www.semiconductorfabtech.com/features/lithography/articles/edition9/ed9
a2 2.shtml

* 4X scanner: Wafer: step and scan pattern

— _
. Exposure Slit
//4 - | =/
R -—
| > | - ﬂ\?
*— - <+ <+ -+
“« | > | > | « /-ZP
\\ /_{
o | o | =i
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4. Illumination and Exposure Systems

reference: http://www.asml.com/support/94109.pdf
Christian Wagner etal, Advanced Technology for extending Optical
Lithography, SPIE 2000 Santa Clara, CA

Focus control across scanned CD uniformity across the slit

field 1s called contour or terrain
focus control.

slil area ] _ 3
. E . =
- = 3
‘ locusemar = £ ar /I‘\ :
1 @
E
— 29T
R ij
i -g-l':. o 5 o 5 ' 16
. slit position (mm)
Figura 12:  Impact of wafsr topography on MA and MSD
facus hehavior, Figure 14: Critical pattern extansion sxparimant with
doubtls sxposura, Pattern shiftfor 0.1% pmdsnse
limes relative to 0.30 prm dense lines, cbtained
with a doubls exposure using a annular and
comvantional illumination satting respectively
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5. Wafer and Reticle Stages: Scanners

Basic Step & Scan Operation After stepping to each field position the
image 1s exposed (through an 8 x 26 mm slit) while scanning the reticle and
wafer in opposite directions.

Reticle Stage

Wafer Stage

Scanner advantages (compared to steppers):

1. Uses only the ‘sweet spot’ of the lens - less distortion, astigmatism, coma,
field curvature, etc. and lens errors averaged across 8mm slit width.

2. Reduced impact of wafer non-flatness since system dynamically focuses
(height and tilt) over the slit area while scanning.

3. Larger field size (through-scan dimension only limited by mask size).

(#1 & 2 — better CD control and overlay; #3 — increased throughput)
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5. Wafer Stages: Scanners

reference: http://www.asml.com/support/94086.pdfG.
de Zwart etal, Performance of a Step & Scan System for DUV
Lithography, SPIE March 1997 Santa Clara, CA

* Scanner Advantages: More degrees of freedom 1n Overlay

Correction

Adjustment 5:::;:::' Step & Scan
Translation i X ] i ] i
Translation in ¥ 0 1 [ 1
Magnificaion M| x Yy X {
Rivation R -y [ K
sean soale [ y
sean skew o ¥ (
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5. Wafer Stages: Scanners

reference: http://www.asml.com/support/94086.pdfG.
de Zwart etal, Performance of a Step & Scan System for DUV
Lithography, SPIE March 1997 Santa Clara, CA

{a} reticle stage acceleration profile

Scanner Reticle and Wafer Stage i
synchronization is Key to CDs and % oo \
registration 7

{b) position error

Moving Average (MA): Average o || I
differences between reticle and - W%Mﬁ% i
wtl 1]

wafer stage speeds: ( for 4X tool 100 _ |

4:1 RS/WS speeds) il ‘“’{"“”'"g overage

Moving Standard deviation (MSD): £ © Hﬁ || 1h’ Wr,,nfll
1 . (v} Iul'-ll " |

standard deviation of Average o standare dovieton

differences between reticle and

wafer stage speeds I B N P T

ASML Wafer Stage 250 mm/SeC H G054 '-'ti'r";e [;-IE 085 08 085

inm}
[=

L ——
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5. Wafer Stages: Scanners

reference: http://www.asml.com/support/94086.pdfG.
Jan van Schoot etal, 0.7 NA DUV Step & Scan System for 150nm Imaging
with Improved Overlay, SPIE March 1999 Santa Clara, CA

CD Impact: Moving Average (MA): Moving Standard deviation
(MSD)

ra
on

— Dsaiza lines v
| = — = |sdaled lines ]
ir p 1 30

o

FUETI.LL

Contitution to COU [nm)

[=]

F-
L

10 20 # 40 ol &0
MSD [

Figure 4 MSD contribution e CD-unitormity. For
lealures below 180Rm, MSD  valuas
graatar than 20nm have a sevara impaci
an the CD-unitormily.
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5. Wafer Stages: Scanners
reference:ASML: Step & Scan and Step & Repeat, A Technology Comparison

Martin van den Brink,Hans Jasper,Steve Slonaker, Peter Wijnhovenand Frans Klaassen, PSIE 1996

e Scanner exposure Calculation: mj/em2 = mw/cm2*(slit
width mm)/(stage speed mm/sec)

. Seen lsagth = 5 + W
[ |
Soan Direction | . .
| | Owerscan means that the mask needs to be scanned in
J.. | H and out of the illuminated scan slit. In doing this, the
, fundamental difference between the scanner and stepper
| | oxposure time is equal to the scan slit divided by the scan
i | speed. The scanner exposure time is given by:
' .
Iluminetion = = w - Mumineion . W+3§
Faid befars Flotal after Loy 7 (1)
rwn Sonm !
Exposure me _W;! iy wnd peticle ekl Where:
Ts : Step-and-scan exposure time [s]
Figure 4 The die needs to move in and out of the W D'_D ""'_"jth [mm]
scanning field; overscan per die 5 Slit width [mm]
W : 5can speed [mm.s]
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6. Stepper Thermal materials

Lens, mirrors, and mounting or holding materials

, 6 Expansion Coefficient x
Material Type dn/dt x 10-"/dgC 10_6/dg_ C
Optical Glass BK7 4 71
FK5 -1.5 9.2
Fused Silica 15 0.51
Calicium Fluoride -11 18.85
Glass Ceramic Zerodur 16 0.05
Mounting Aluminum 356 214
Materials Brass 20
Stainless Steel 440 10.1
Cast Iron 11.9
Invar 35 0.56
Super Invar -0.18
Graphite Epoxy 0.2
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Table from David Williamson SVGL

6. Stepper Systems Environmental Sensitivities

DIOPTRIC CATADIOPTRIC
delta delta
Term Pressure 50 delt1angmo te r(::)It1a0 c Pressure 50 delt1angmo delt:OTgmo
mm mm
Aluminum Invar 35 Aluminum Invar 35
mounts mounts mounts mounts
o6 focus nm -11770 -8062 -6681 7 -766 -40
5 MAG nm 333 152 190 0 -40 0
525 AstigRMS | 0.0403 | 0.0245 | 0.0229| -0.0005 0.0004 -0.0003
528 coma RMS| -0.0368 | -0.0231 | -0.021 0 0.0004 0
o29oprerical 1 0.0469 | 0.0313 |0.0273| 0 0.0008 | 0.0002
o Field
comare | -319 | 191 | -184 -11 -11 -6
&8 Distortion nm 48 36 28 0 1 1

Brainerd/photoclass/EESXX/Exposur

e Tools/EXP-Tools

53



	Exposure Tools
	Exposure Toolsreference: 157 nm Technology: Where Are We Today?Jan Mulkens, Tom Fahey, James McClay, Judon Stoeldraijer, Pat
	1, Exposure Tools : Microlithography Topicshttp://www.iue.tuwien.ac.at/publications/PhD%20Theses/kirchauer/node17.html#fig::P
	1. Exposure Tools : Contact/Proximity/Projection Printing History
	1. Exposure Tools : Contact/Proximity/Projection printing
	1. Exposure Tools : Contact Printing Tool
	1. Exposure Tools : Proximity Printing Tool
	1. Exposure Tools : 1X Projection printing
	1. Exposure Tools :  1X  Projection printing
	1. Exposure Tools :  1X  Projection printing
	1. Exposure Tools :  1X Projection printing
	1. Exposure Tools :  1X Projection printing
	1. Exposure Tools :  1X Projection printing
	1. Exposure Tools :  1X Projection printing
	1. Exposure Tools Projection printing: Example 2: Typical stepper GCA 1979
	1. Exposure Tools Projection printing: ASML 5500/XXX stepper: I-line
	1. Exposure Tools Projection printing: Typical stepper
	1. Exposure Tools Projection printing: Typical stepper Wafer Stages: The stepping pattern
	1. Exposure Tools Projection scanning printing: reticle and wafer move through slit of light Nikon scanner
	1. Exposure Tools Projection printing: Step and Scan
	2. Alignment SystemsRegistration = Result of Alignment
	2. Alignment Systems
	2. Alignment Systems
	2. Alignment Systems Registration Error is presented as a distribution. The Goal is 0.0 error
	2. Alignment SystemsRegistration Error Terms: Grid: Wafer Terms
	2. Alignment SystemsRegistration Error Terms: Field: IFD Terms
	2. Alignment SystemsRegistration Error Terms: Field: Lens Matching
	2. Alignment SystemsCanon ES-3  Off Axis Alignment OAS-AGA
	2. Alignment SystemsCanon ES-3  Off Axis Alignment OAS-AGA
	2. Alignment SystemsCanon ES-3 4X Scanner Wafer Alignment System Description
	2. Alignment SystemsCanon ES-3  Off Axis Alignment OAS-AGA
	3. Focus and leveling control
	4. Illumination Systems: Partially Coherent ( On-Axis)
	4. Illumination and Exposure Systems  reference: http://www.asml.com/support/94086.pdfG. A High Throughput DUV Wafer Stepper
	4. Illumination and Exposure Systemsreference: http://www.asml.com/support/94109.pdfChristian Wagner etal, Advanced Technolo
	4. Illumination and Exposure SystemsDUV
	4. Illumination and Exposure Systems DUV reference: http://www.asml.com/support/94109.pdfChristian Wagner etal, Advanced Tec
	4. Illumination and Exposure Systems reference: SVGL Micrascan III and III+ manual
	4. Illumination and Exposure Systems reference: SVGL Micrascan III and III+ manual
	4. Illumination and Exposure Systems reference: SVGL Micrascan III and III+ manual
	4. Illumination and Exposure Systems reference: SVGL Micrascan III and III+ manual
	4. Illumination and Exposure Systems reference: SVGL Micrascan III and III+ manual
	4. Illumination and Exposure Systems Projection printing: SVGL Micrascan MSIII+scanner
	4. Illumination and Exposure Systems reference:http://www.semiconductorfabtech.com/features/lithography/articles/edition9/ed9
	4. Illumination and Exposure Systems reference:http://www.semiconductorfabtech.com/features/lithography/articles/edition9/ed9
	4. Illumination and Exposure Systems reference: http://www.asml.com/support/94109.pdfChristian Wagner etal, Advanced Technol
	5. Wafer and Reticle Stages: Scanners
	5. Wafer Stages: Scannersreference: http://www.asml.com/support/94086.pdfG. de Zwart etal, Performance of a Step & Scan Syst
	5. Wafer Stages: Scanners reference: http://www.asml.com/support/94086.pdfG. de Zwart etal, Performance of a Step & Scan Sys
	5. Wafer Stages: Scanners reference: http://www.asml.com/support/94086.pdfG. Jan van Schoot etal, 0.7 NA DUV Step & Scan Sys
	5. Wafer Stages: Scanners reference:ASML: Step & Scan and Step & Repeat, A Technology ComparisonMartin van den Brink,Hans Ja
	6. Stepper Thermal materials
	6. Stepper Systems Environmental SensitivitiesTable from David Williamson SVGL

