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Lithography in a nutshell

* In the semiconductor world, lithography is the printing technology
used to mass-produce chips like microprocessors, memory and
flash that are at the heart of electronic devices.

* Around 30%-40% of the total cost during IC manufacturing
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Lithography in a nutshell
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Lithography in a nutshell

Prepare Wafer

Prebake

__ Scarch ID: bfm171
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Students at work
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Students at work
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Students at work

Positive Photoresist (Shipley 1813) results
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A simulation tool to mimic the process

A free tool to teach students lithography

A tool to allow students try different parameters, combinations quickly and
convincingly

A tool to allow cases that cannot be realized in the lab due to costs

A tool to prepare students for the next level
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A simulation tool to mimic the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process

History of optics in lithography: Lenses Get Larger, wavelength shrink => NA TN, A

T

Al "'

(h) NA =0.85 Ve = 13.8mm. 2 =193nm (ArF) JP-2004-252119(A)
Figure 5: Optical configurations of microlithographic lenses
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A simulation tool to mimic the process
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A simulation tool to mimic

the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process

Ei]ﬂ?j

New Open

- 4

<% EF
Current Folder

Name
“" litho_an
| | litho_an

litho_analysis.r
Workspace

Name

HH a

HH ¢

EB defocus

] bx

EE] Ex

H exp_time

H:J Exposure_Dose

i
BE] |_x

H ignore_dev
ii

tH iii

BE] immersion
Eﬂ index

tH index2

{H index3

HH j
H k
H:j lambda

EE] Lamp_intensity

m
1

et | )| <t—

(@)

A: 193nm
NA: 0.96
0.3um Mask

0.15um Apertures .

RESOLVED!

0

1x250 double
2006

221

250

251

0.1930

10

2

1+ acs

-

I<

ction
e Run and
Time
4 Figure 3 - O
nalysis.m File Edit View Insert Tools Desktop Window Help
EEE I EE Y Y P A=) =
Pattern width=150nm
and slope=60degrees
i rough slope=89degrees
- 0 , : .
defoct 0; r= N
o o | E |-Pattern Proflle‘
lambda =0.193; 3
NA =0.96; 7))
Lamp_intensity=10; (7] |
$exposure pa 8 '0-5
exp_time 4
$resist parame _9
L= Ee)
poly chain : RN Y
r_ma; a .9 =1
r min 0
§3 $developmen §
L L L L L >
Command Window -0.15 0.1 -0.05 0 0.05 0.1
Current plot held
Current plot held X (H’m)
Current plot held
Current plot held
Current plot held
fx 5>
script Ln Col 20

> ‘D

Building College-University
Partnerships for Nanotechnology
Workforce Development

"?n,’ Penn

State




A simulation tool to mimic the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process
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A simulation tool to mimic the process

T1 AB R2016a -

\JK - '
l ): 193nm B0 s-cv Documerain O
I . [) @ [2] Run Section QP

L] O/ &
NA- 0-96 = '-/“3'; Breakpoints ~ Run  Runand |5 Advance  Runand
| |5 v v Advance Time |
0,3um MaSk EDIT BREAKPOINTS RUN % Figure3 _ O %
< submission3 ¥R
¢ 0.15p.m Apertures AR A AR [ TP WP ool File Edit View Inset Tools Desktop Window Help >
t 16 second exposure | litho_analysis.m DEdS | M ROV ELHL- S| 0OE o
—-— — |
— 35 1 - D
36 Pattern width=133nm
Underexposed! " - and slope=63degrees
lies oy oismres onnrp . 2 _
Zo vy 39 - rough slope=89degrees
Workspace ® 40 0 - T . —
, 41 -  def = . N
Name = Value - |- [ ——— e |-Pattern Prof||e|
H s 0:3000 1 a3 lambd ) =
HH ¢ 0.2500 - smbda -~
EB defocus 0 = NR g
Ba Dx 0.1500 45 — Lamp_intensity=10; o - | i
HEex 2:251 double 4 ¥Sxposure param c Le
EB exp_time 16 47 - €xp_time =16; texposure time il S8
BE] Exposure_Dose 160 8 ¥resist parameters .2
i 249 9 - C =0.25; = < blace)
H 1x 1x251 double 50 -  poly chain  =16; tn | gt B many |—
(] ignore_dev 10 51 — r_max =100; Smax - =1 1
ii 251 52 — r min =0.1; gmin 0
EB iii [] 53 %;":‘:e'_cprr.e:: parameters é
Hﬂ immersion 0 - - Sa e = i i L L L v
HH index 1x250 double < 2
% index2 1777 Command Window -0.15 0.1 -0.05 0 0.05 0.1 ®
index3 2035 Current plot held )
j 250 Current plot held X (ltm)
EBk 251 Current plot held
Bﬂlambd? . 0.1930 Current plot held
BﬂLamp_mtenSIty 10 Current plot held
m 2 L v fx o> v
, script [Ln 47 Col 18

: Building College-University -
ACK Partnerships for Nanotechnology ':’ 9\,, PennState
NETwork | Workforce Development




A simulation tool to mimic the process

P
I A:193nm
NA: 0.96
0.3um Mask
0.15um Apertures
t=25 second exposure

|deal!

litho_analysis.m (Script) A
Workspace ®
Name Value
HH a 0.3000 ~
HH ¢ 0.2500
Eﬂ defocus 0
tH ox 0.1500
HHEx 2x251 double
H exp_time 25
H:i Exposure_Dose 250

H i 249
HH 1x 1x251 double
H ignore_dev 10
H i 251
(i
BE] immersion 0
Bﬂ index 1x250 double

H index2 2006
(] index3 2211
HHj 250
Hi k 251
(] lambda 0.1930
EE] Lamp_intensity 10

m 2

1 1ace 2 a1y

BEHLELO E @I«curch Documentation

(m)]

t [Fe] =
% fx /. - [> L@ E‘RunSedlon Q?
2L a8 vl Breakpoints Run Run and E§Advanoe Run and
t Lz| {2 - v  Advance Time
EDIT BREAKPOINTS RUN -
— 4 Figure3 - [m] X
+ submission3
[ Editor - DAIMAC_HOME_6_11_20\HITEC\submission3\litho_analysis.m Edit View Inset Tools Desktop Window Help
| litho_analysis.m >0 | + | Dads|h 2ROV EA -S| 0E oD
35 1 .
36 Pattern width=150nm
ST —
I and slope=60degrees
39 - rough slope=89degrees
40 0 T T T
- E | le]
L ion o _ g = Pattern Profile
43 - lambda =0.193; -]
4 - N2 =0.96; 7
45 — Lamp_intensity=10; (7)]
16 e Q05
c
47 — $exposure time in s{ A
42 2
49 — £D = Ee)
S - e
50 — poly chain =16; %n - RNy
51 — r_max =100; $m, .9 _1 +
52 — r_min =0.1; % (7]
53 ‘«;.:'7.:"- ment parameters m
@l vocvelommen® paramccers 2 v
1< . . . . >
Command Window '0.15 '0.1 '0.05 0 0.05 0.1 ®
Current plot held ~
Current plot held X (Il,m)
Current plot held
Current plot held
Current plot held
fr >> v
script Ln Col 20

]
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A simulation tool to mimic the process

\‘\ — 7 -
I A: 193nm RSP o) P ) -
l - . D @ [%)RunSecﬂon é))

(] of & e,
NA' 0'96 : % 4 Breakpoints Run Run and &Advanoe Run and
ﬁ B v v Advance Ti
0.3um MaSk EDIT BREAKFOINTS RUN 4 Figure 3 - o X t
< submission3 File Edit View Inset Tools Desktop Window Help N P
¢ 0.15p.m Apertures 2 Editor - DAIMAC_HOME 6_11 20\HITEC\submission3\litho_analysism [ 5 [l & | b | R QA W D@ £ - 2| 0E = O ® x
Iltho_analy5|sm + \
t=30 second exposure i  iccoccer erenceess Pattern width=156nm -0
36 $geom A ram —
Ove rexposed I | - and slope=52degrees
T ol : rough slope=89degrees
39 - Dx ; S e T T T
Workspace ® 10 $1lithography 1/ — 0 -
Name Vol o erocus § |-Pattern Profllel
EE| s 0.3000 ~ 42 - immersion —
M 0:2500 43 — lambda =0.193; 0
44 - NA =0.96; 7]
EEj defocus 0 L J
EE Dx 0.1500 45 — Lamp_intensity=10; g '0.5
HlE X 2x251 double 4é $exposure parameters ~
Hjexp time 30 47 - €xp_time =30; $exposure time in § .g
H Exposure Dose 300 48 E
249 49 - ce)
Ba I_x 1x251 double 50 — E _1 L 4 an
Ba ignore_dev 10 51 — 7]
H i 251 52 — @
H i [ 53 dev A<
EB immersion 0 - S -~ . ' : ' : v
) index 1250 double 1< 015 0.1 -005 0 0.05 0.1 >
tH index2 2088 Command Window ®
Hjindex';‘ 2274 Current plot held X (I‘Lm) A
j 250 Current plot held
EBk 251 Current plot held
Eﬂlambd? . 0.1930 Current plot held
HjLamp_mtensmy 10 Current plot held
| 2 N v f o> v
- script Ln 47 Col 18
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A simulation tool to mimic the process

4\ MATLAB R2016a o <
I A' 193nm | @ % A g3 L 9 @ @ Search Documentation ,0
L]
t ] - : , I
NA' 0 96 i ? fx [> @ E)RunSedion K_l?
. . 48 =4 Breakpoints Run Run and @Advance Run and
t | |E v v Advance ——
| | 0,3um MaSk EDIT BREAKFOINTS RUN 4 Figure 3 - o X
< + submission3 File Edit View Inset Tools Desktop Window Help N P
0.15p.m Apertures ¥ Editor - DAIMAC_HOME 6 11 20HITEC\submission3\litho_analys FR R ™ EINEER EEPAINBIEIE =
| litho_analysis.m |+ |
t=40 second exposure Pattern width=165nm -]
36
and slope=56degrees
~ Overexposed! - P g .
ey oo emrpos = rough slope=89degrees
39| = T T T
Workspace ® 10 —_— 0 - -
Name » Value 41 - defocus =0; g ‘-Pattern Proflle| =
— 3 5 =)= ——
= osm0 B e >
H ¢ 0.2500 B smbda YT 0
%deﬂms 0 44 - NA =0.96; 8 | |
EB Dx 0.1500 45 — Lamp_intensity=10; - '05
Bﬂ E x 2x251 double 46 $exposure parameters >
[ exp_time 40 47 - .9
Bﬂ Exposure_Dose 400 8 E
i 249 49 - - place)
Hﬂl_x 1x251 double 50 — =L _1 L 4 5 many
H ignore_dev 10 51 — n
i 251 52 — D
(i 53 o . | | . .
Bﬂ immersion 0 - v
Bj index 1x250 double < '0.15 '0.1 '0.05 0 0.05 0-1 2
] index2 2204 Command Window ®
EBindexB 2366 Current plot held X (l‘l'm) A
EBJ 250 Current plot held
BE“( 251 Current plot held
%Iambd? X 0.1930 Current plot held
= Lamp_intensity 10 Current plot held
" L v > v
o script Ln 47 Col 18
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Other Possibilities

Immersion Lithography, defocusing (Depth of Focus) study
» Resist Chemistry (Dill Parameter C — exposure kinetics)
* Resist Chemistry — Resist Contrast

; ; OPD
Exit Pupil Wafer / Wafer

* Development time

- defocusing

N
N

N
o

o
©

o
o

I Resist contrast

I
EN

o
N}

Relative Thickness Remaining

o
o

10 100 1000

Exposure Dose (mJ/cm?)

= T

o
b
)X‘W‘\\ —\/f\‘_

~1”’ e | Building College-University —
ACK Partnerships for Nanotechnology @ PennState
NNNNNNN Workforce Development




References

* Matlab: https://www.mathworks.com/products/matlab.html

e Octave: https://www.gnu.org/software/octave/
* Matlab Code: https://psu.box.com/s/ss2nfg68xbk1lzegz0Inlasoz8nov3b4v
 Chris Mack’s Page: http://www.lithoguru.com/

* Fundamental Principles of Optical Lithography:
https://www.wiley.com/WileyCDA/WileyTitle/productCd-
0470727306,descCd-buy.html
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