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Polarity change through deprotection

Acid generation through the decomposition of acid generators by exposure

Image formation utilizing acid-catalytic chain reaction

Concept of chemically amplified resist

Typical components: Partially protected polymer, Acid generator, Quencher

Quencher
Termination of chain reaction

High sensitivity is obtained through acid-catalytic chain reaction. 

High resolution is obtained through the control of acid diffusion using quenchers.
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Shot noise (EUV lithography)

However, the information is lost during the imaging process...

Photons carry information for imaging.

The number of photons seems adequate???

Shot noise
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Role of resist materials: Conversion of energy modulation to binary image 
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acid generator

Exposure 
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Photon/electron 
interaction with matter

Dissolution 
of molecules

Resist 
image

Thermal 
energy

Energy modulation

Si

Solubility change through 
chemical reaction

Role of photons: Transfer of information and energy for imaging

Conversion
process

Understanding the total flow of information and energy is essential to the development 
of resist materials and processes. 
*Smoothing can be used for the suppression of stochasticity by sacrificing the resolution.
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Standard deviation of the 
number of protected unit 
per polymer molecule

σ :
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Fig. Defect generation model using the standard deviation (s) of 
the number of protected units connected to a polymer molecule.
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The suppression of both pinching and bridging are required for the 

fabrication of line-and-space patterns applicable to the device manufacturing.

Probability that the number of protected units 
of a polymer molecule at the center of lines 
is smaller than the dissolution threshold



0

200

400

600

800

1000

0 5 10 15 20

0

2

4

6

8

10

12

-16 -8 0 8 16

Position x (nm) Np

N
u
m

b
er

 o
f 

p
ro

te
ct

ed
 u

n
it

 p
er

 

p
o
ly

m
er

 m
o
le

cu
le

N
p

N
u
m

b
er

 o
f 

p
o
ly

m
er

 m
o
le

cu
le

s 
N

m

Latent image Number of polymer molecules with Np

s

Np,th

Np,th

SW

LER

Ave
Ave+as

Ave-as

at x=±HP
at x=±HP/2
at x= 0

8

𝑁m 𝑥 = ±𝐻𝑃 =
𝑁0𝑝𝑟

2𝜋𝜎line,r
exp −

𝑁p − 𝑁line,r
2

2𝜎𝑙𝑖𝑛𝑒,𝑟
2

+
𝑁0𝑝𝑢

2𝜋𝜎line,u
exp −

𝑁p − 𝑁line,u
2

2𝜎line,u
2

𝑁m 𝑥 = ±𝐻𝑃 =
𝑁0𝑝𝑢

2𝜋𝜎line,u
exp −

𝑁p −𝑁line,u
2

2𝜎line,u
2

𝑝𝑟

2𝜋𝜎line,r
න
−∞

𝐿+

exp −
𝑁p −𝑁line,r

2

2𝜎2
𝑑𝑁p +

𝑝𝑢

2𝜋𝜎line,u
න
−∞

∞

exp −
𝑁p − 𝑁line,u

2

2𝜎line,u
2 𝑑𝑁p = 1

N0：2000

s：42 mJ cm-2

Cs：0.2 nm-3

r0：4 nm

si：2

Protected unit distribution

𝑁p ≤ 𝐿+ (12.5)

𝑁p > 𝐿+

Normalization constants (pr, pu)

Simulation
Fitting

Fitting equations

Protected unit distribution at centers of lines (x=±HP)

Dissolution 
threshold



0

200

400

600

800

1000

0 5 10 15 20

0

2

4

6

8

10

12

-16 -8 0 8 16

Position x (nm) Np

N
p

N
m

s

Np,th

Np,th

SW

LER

Ave
Ave+as

Ave-as

at x=±HP
at x=±HP/2
at x= 0

9

N0：2000

s：42 mJ cm-2

Cs：0.2 nm-3

r0：4 nm

si：2

𝑁p ≠ 0

𝑁p = 0

Normalization constant (Np≠0)

Simulation
Fitting

Fitting equations

Protected unit distribution at centers of spaces (x=0)

𝑁m 𝑥 = 0 =
𝑁p≠0

2𝜋𝜎space
exp −

𝑁p −𝑁space
2

2𝜎space
2

𝑁m 𝑥 = 0 = 𝑁p0

𝑁p0 +
𝑁p≠0

2𝜋𝜎space
න
0.5

∞

exp −
𝑁p −𝑁space

2

2𝜎space
2 𝑑𝑁p = 𝑁0

Latent image Number of polymer molecules with Np

Protected unit distribution



0

200

400

600

800

1000

0 5 10 15 20

0

2

4

6

8

10

12

-16 -8 0 8 16

Position x (nm) Np

N
p

N
m

s

Np,th

Np,th

SW

LER

Ave
Ave+as

Ave-as

at x=±HP
at x=±HP/2
at x= 0

10

N0：2000

s：42 mJ cm-2

Cs：0.2 nm-3

r0：4 nm

si：2

Defect risk

Bridging risk Rb

Simulation
Fitting

Pinching risk Rp

=
𝑝𝑟

2𝜋𝜎line,r
න
−∞

𝑁p,th

exp −
𝑁p −𝑁line,r

2

2𝜎2
𝑑𝑁p +

𝑝𝑢

2𝜋𝜎line,u
න
−∞

𝑁p,th

exp −
𝑁p − 𝑁line,u

2

2𝜎line,u
2 𝑑𝑁p

=
𝑁p≠0

𝑁0 2𝜋𝜎space
න
𝑁p,th

∞

exp −
𝑁p −𝑁space

2

2𝜎space
2 𝑑𝑁p

Rp 1.38×10-2 Rb 1.31×10-2

𝑅p =
1

𝑁0
න
−∞

𝑁p,th

𝑁𝑚 𝑥 = ±𝐻𝑃 𝑑𝑁p

𝑅b =
1

𝑁0
න
𝑁p,th

∞

𝑁𝑚 𝑥 = 0 𝑑𝑁p

Latent image Number of polymer molecules with Np

Probability that a polymer molecule has protected 

units smaller than the dissolution threshold at lines

Probability that a polymer molecule has protected 

units larger than the dissolution threshold at spaces



11

16 nm

1000 nm

32 nm

Avogadro's number 6.02×1023 mol-1

Volume 512000 nm3

Density 1.2 g cm-3

Weight 6.144×10-16 g

Mn 4800

Molarity 1.28×10-19 mol

# polym. molecules 77100

Vpolymer 6.64 nm3

Meaning of bridging risk Rb

~5000 polymer molecules at bottom

22 mJ cm-2

31 mJ cm-2

44 mJ cm-2

Figure 9. Pitch 32 nm dense lines-space. Defect 
counts as pixels not ok for the three resists under 
examination at the optimum CD target. The 
inspected area is 268 μm2 equivalent to 4800 
spaces and lines inspected. The resist with lower 
sensitivity (resist C) shows only one failure on one 
line (see SEM image above) and no nano-bridge 
failures (i.e. below the detection limit of 1E-7). D. 
D. Simone et al. Proc. SPIE 10583, 105830G 
(2018).
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We do not need to worry about an isolated insoluble polymer. 
We should consider that insoluble polymers happen to coexist near with this probability.
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Total defect risk Rt

𝑅t = 𝑅p + 𝑅b

Number of polymer molecules with Np
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Dependence of defect risk on sensitizer concentration
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Dependence of defect risk on thermalization distance

N0：2000
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Cs：0.5 nm-3

r0：4 nm
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✓The EUV lithography has been applied to high-volume production 

of semiconductor devices since 2019.

✓The trade-off relationships between resolution, LER/LWR, and 

sensitivity were the most severe problem for the realization of EUV 

lithography.  

✓The suppression of stochastic defects is the most serious issue for 

the development of next-generation EUV lithography (High NA).

✓The total defect risks exponentially depended on HP, r0, Cs, and si.

✓It is possible to reduce the defect risk of 10 nm half-pitch to current 

16 nm level.

✓The control of interaction between resist and underlayer in the 

developer is important for the suppression of stochastic bridging.

Summary


