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Litho Photo in—line process flow overview
[1] General Flow

It’s pattern printing process on the resist coated wafer
by UV exposure and pattern designed mask(Reticle).

Definition:

Photolithography

Film Doposiion i Y Fosist Coar 1 » »
b
Reticle ¢ ¢ ¢Gas
Photo resist Phot:o re;ist | |
Film Film Film Film
Wafer Wafer Wafer Wafer Wafer
Pattern Size Control EE / FO
JOB i
Photo — Pattern Profile Control FACTOR | 5[ Base Line / EB
Align Control between layer Mix & Match(System)

» Process condition depends on which layer : Substrate condition,CD,Topology,OL target,Etch target etc
» Key process factor : Tpr(A),Use BARC or not,SB,TARC or not, WEE,EE,FO,OL offset,PEB,
Dev. Dipping time and so on.
» Key machine factor : Cup exhaust pressure,Water jacket control temp,Chamber pressure, Temp,focus,
Plate exhaust,PEB temp Accuracy.




Litho Photo in—line process flow overview

« [ BARC BAKE(®) TARC ()
-------- »| HMDS coat —*—+| Cooling1 »| PR Coat(**) »| Soft Bake Y, Cooling2
A A
Deposition v
7\ WEE($)
| PRstrip |« v
7'y EGA align
lon Imp Etch v
7y 7y 7y IN-LINE Exposure
TRACK (B B EXPOSURE
Scope($$$) ¥
OL measure |« Hard Bake |« Developing |« Cooling |« P.E.B($$)
CD measure

*) Absolutely we remove moisture on the wafer before BARC coating : Secondary reaction

*x) EBR is not absolute process : We can use WEE instead of EBR ==> Need recipe tuning
*x*x) TARC should be coated after PR bake(Soft bake) : Do not TARC bake(Secondary reaction)
$) We can change from before exposure to after exposure for I-line,but DUV cannot.

$$) PED control is very important to maintain process performance for DUV, but I-line isn’t.
$$$) ADI procedure is important to reduce ADI loss : Scope ==> OL ==> CD
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1. 4 &2 J6PH ( Photoresist)

JePH & — bR, ZEPHOTO process Hr i Bg 6
MEXHANLERINE Mask) L EEEBE 2L
F, #ETF—dhetchskimplantif £ AR BB A HE
etchEimplant {J# 77 fR K, BRKBERERF
wafer_E.
2. JLRE 433K
J6PH4> 1IEGBH ( Positive photoresist) #1471 %FH ( Negative
photoresist). EJGHIER ¥ T B 51(Developer) Y 1E
JGRH, BOCHIE AN T B AR 506 .
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o Used to “resist” etch.
e Used to “resist” ion implantation.
o Accurately “aligned” to other patterns.

« Critically sized.
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o FOLIHIR:
DUV (3 K=248) ; I-line (J&K=365nm)

o FRizfEsraR:
FHEPL(SCANNER); £ i##HL(STEPPER)
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Litho
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e Developer is used to chemically develop the
photoresist pattern on exposed wafers. The
pasic developer reacts with the exposure-
Induce carboxylic acid resist.
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OVERLAY
CD SEM
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Jiit 7K (Dehydration)
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RG] a2 | ¢ [ Fit (softbake) | ¢S] 12 (Coating)

HENL i)

____________________________________ RH | =) | &3 (Developing)
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1. BYHL(Duv,l-line,g-line)
e ASML#jScanner:

; = T R L____DU?AERIALTMIIIuminator
H'Qh_ PO A1 el L M Ao ; for Maximum Process Latitude
Excimer Laser . | i \

Automated Remote | ;“Zf::n;”;?_rsg““
Laser Beam D elivery - - ¥ ( .]
;7 1) S S———. Uge )L - 3 T Industry Leading
——— ' Throughput
Variable0.630.4 NA ~High Speed
4th generation DUY lens - - Ecafnnmg
Industry Leading Resolution Reticle Stage
_High Speed
sitshie i _ Synchronized
Operator Control Unit  ------- Scanning
Wafer Stage

TTL 2-point Phase
Grating
Alignment




Litho

Scanner Stepper

R =B AL




Litho

B YEHL PR (Scanner ,Stepper)

TAER KX 43
1 Pk BREHL: Stepper
FEHLE: Cannonizol
2 B Scanner
FEHLE: Cannon ES3 ,ASML /400 ,/750, /850,/1100

TAEEIRIX 47
1 .I-Line B&YeHl: 365nm (Hg-Arc)
FEHLE: Cannoniz0l ,ASML /400,
2 . DUV BY6HL: 248nm ,193nm (Laser)
FEHLEG: Cannon ES3 ,ASML /750, /850,/1100
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HH 4 ZJF Scanner

—

R#eticle
Full Field Exposure ;

! Slit Exposure
i |
* Better CD Control
+ Optimized Lens
Performance
» Lower Lens Distortion
+ Larger Field Size, limited
ohly by scan range

4




Litho

Scanner T/EJRHEK 1

Internal i
REMA Seticle Ma Imaged Masking Blades For
Imaging Optics

sking T .
I / Maximizing Usable Reticle Area

Projection lens entrance pupil filling

Reticle ™™
Conventional Annular
\ Zoom Sigma Control for
Variable Highest Intensity & Throughput
NA Sanee At All llluminator Settings
upl Shutter/
Attenuator
Automated Control of NA and
V7S S......— S Conventional/Annular Illlumination
For Optimum CD Control On Each
3.0kW Hg arc lamp™] Process Layer
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Scanner TAEJRHEK] 2

Distharge gl State Pulse Wavelength

AERIAL™ Chamber . Power Module  Meter
™ Line Marrowing
g Module
o)
Reticle
Nitrogen Purging
bkl For Contamination
eon h U Cymer 5600 10W 1000Hz
Excimer Laser
Tailor Made Beam Delivery System For Remote Laser
Installation, { < 20 m, < 5 bending points ) for
Maximizing Clean Room Space Use.
Wafer —

Servo Controlled Beam Steering for Reliable Laser Beam
Positioning Despite Laser-Stepper Relative Movement
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Scanner #Stepper HJ7x[A 1

PAS 5500/300

~Ymax -
NA,,, 057 /{

¢=31.1mm f
Scanner image field

©
Y
PAS 5500/500 26 mm X 33 mm
NA,, 0.63
¢ =28.3 mm ® Y
£ Projeftion Lens

Stepper

Stepper image field

Xmax =22 mm
Ymax = 27.4 mm

A
m
=3
e
o

Yscan

gl ]|
l

f

Step & Scan
Image Field
{26 x 33 mm)

Image Field
(22 x 22 mmn)

Reticle
Full Field Exposure

o mm  SlitExposure
H Larger Field Size
(26 x 33 mm?) limited only
by scan range
H Better CD control
N Averaging of aberrations

——........ .E.‘.'.'::::::.-nu-‘ and Stage i by
-------- Wafer - ’ scanning slit

Scian



Litho What Is a Scan?

- % Slit n
A scan consists of four R EES'\QA blades

sections and
something different

happens during each
part, Exposure scan Scanning

<+T— exposure field

Scan direction

____REMA blades
open

Slit scan <

Prescan

T~ Stages and LS
settle



Litho Start of the Slit Scan

l Integrator rod I

REMA blade § . REMA blade

Reticle direction
<<
-~ Lens
Wafer direction
> u u
-_—
_ J

~

Cell to be exposed.



Litho During the Slit Scan

I Integrator rod

REMA blade REMA blade

Reticle direction
<

Wafer direction
>

N J

Y

Cell to be exposed.



Litho During the Slit Scan (2)

Integrator rod

REMA blade

REMA blade
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Wafer direction
>

Reticle direction
<

N J
Y

Cell to be exposed.




Lith¢nd of the Slit Scan, Start of Exposure Scan

Integrator rod

REMA blade REMA blade

Reticle direction
<

Wafer direction
>

N J

%

Cell to be exposed.



Litho During Exposure Scan

Integrator rod

REMA blade REMA blade

Reticle direction
<

Wafer direction
>

N J
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Cell to be exposed.



Litho During Exposure Scan (2)

Integrator rod

REMA blade REMA blade

Reticle direction
<

Wafer direction
>
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Cell to be exposed.




Litho During Exposure Scan (3)

Integrator rod

REMA blade REMA blade

Reticle direction
<

Wafer direction
>
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Cell to be exposed.




LithodEnd of Exposure Scan, Start of Final Slit Scan

Integrator rod

REMA blade REMA blade

Reticle direction
<

Wafer direction
>

N J

%

Cell to be exposed.



Litho Final Slit Scan

Integrator rod

REMA blade REMA blade

Reticle direction
<

Lens

Wafer direction
>

N J
Y

Cell to be exposed.




Litho Final Slit Scan (2)

Integrator rod I

REMA blade REMA blade

Reticle direction
<<
Lens
Wafer direction
>
1N J
Y

Cell to be exposed.



Litho End of Slit Scan

l Integrator rod I

REMA blade § . REMA blade

Reticle direction
<

Lens

Wafer direction
>

N J
Y

Cell to be exposed.




Litho Scan Finished

l Integrator rod I

REMA blade § . REMA blade

Reticle direction
<<

Lens

Wafer direction
>

N J
Y

Cell to be exposed.
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Scanner FStepper K 7[F 2

Stepper:
i ‘full field bucket’
=) model
shuffer alosed shuffer open
bt -

|Un uEm:ed -&J
Step & Scan: 4

‘slit sized ' '
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What is EUV? 13,5nm Why EUV 7

I
3, ___ 100inm inm | 100m inm 0.Jnm
1 1 | 1
I

oo [ st

L Eov [

E — | = | |
ey eV HioDeV 1keV 10key
g2el
« Extreme UltraViolet (ELV) iz Electro Magnetic radiation at ~13.5 nm, which

falls into the X-ray band. EUVY was the ‘marketing name’ to separate  the program
from hard X-ray [ithography.

« EUYV radiation is absorbed by almost all materials and gases,
=0 all optics (incl. reticle) must be and fully in

193 mm: 32 mm=030x193/138 (MA must be 1.8)
12.5nm: 32 nm =060 x 13.5/0.25 (MNA =0.25)

EUV iz currently the only viable solution for 32 nm and below (but see next slide)
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