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Mask Aerial Image Photoacid Inhibitor Photoresist

Optical Simulation Photoresist Simulation
Post-exposure Bake Development

A typical flow of lithography simulation for chemically amplified resist: from optical simulation to
photoresist simulation.

• Optical simulation: light exposure process

• Photoresist simulation: chemical and physical processes occurring within
photoresist layer

Typical Lithography Simulation Flow
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Step 1: incident light decomposes photoacid generators, generating photoacid (A).
Step 2: photoacid catalized inhibitor (I) decomposition:

∂[I]
∂t

= −kc[I][A], (1)

Step 3: photoacid-base quencher(B) neutralization & diffusion:

∂[A]

∂t
= −kr[A][B] + DA∇2[A], (2)

∂[B]
∂t

= −kr[A][B] + DB∇2[B]. (3)

kc: catalysis coefficient; kr: reaction coefficient; DA, DB: the diffusion coefficients

Post Exposure Bake Process
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Step 4: photoresist developed at a rate R:

R(x, y, z) = Rmax
(a + 1)(1 − [I])n

a + (1 − [n])n + Rmin, a = (1 − Mth)
n n + 1

n − 1
. (4)

Rmax, Rmin: maximum (fully exposed) and minimum (unexposed) development
rates;
n: surface reaction order

Development Process
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1 Accounts for 30% of the runtime in Synopsys Sentaurus Lithography (S-Litho)

2 Early Methods: significant computational burden

• Simplified reaction-diffusion equations
• 3D diffusion profile simulations
• Finite element analysis
• Finite difference methods

3 DeePEB-Fourier Neural Operator (FNO) + CNN: Fails to capture full 3D
spatial-depth dependencies; information loss in frequency segmentation

Motivation: Fully capture the spatial and depthwise dependencies inherent in
complex physical and chemical reactions.

Importance of Improving PEB simulation
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1 Hierarchical Contextual Feature Extractor

• designed to capture both coarse and fine-grained spatial features at each depth
level

2 Spatial-Depthwise Mamba-based Attention Unit

• developed to model cross-depth-level dependencies effectively.

3 Customized PEB Optimization Objectives

• efficiently guide the optimization.

Our Contributions
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1. Depthwise Overlapped Patch Merging
• Reduce information loss at patch boundaries

• Enhance local continuity

2. Efficient Spatial Self-Attention:
• C: feature dimension of K; r: reduction ratio

• Computational complexity: O(L2) → O(L2/r)

K̂ = Reshape

(
L
r
,C · r

)
(K), K = LinearC(K̂), (5)

(b)

(a)

(a) Non-overlapped
patch merging and (b)
overlapped patch
merging.

Hierarchical Contextual Feature Extractor
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Conv1D

Linear

Linear Depth-forward SSM

Conv1D

Conv1D Spatial-SSM
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The architecture of the spatial-depthwise Mamba-based attention unit.

1 Feature map with dimension RCi×D×Hi×Wi reshaped into: qi ∈ RCi×DHiWi .

2 qi linearly projected into xi and zi with hidden dimension Ch
i .

3 In each direction d: xi → 1D convolution → SiLU activation rightarrow d-direction
spatial-depthwise PEB selective scan

4 Weighted and combined to produce feature map p

Spatial-Depthwise Mamba-based Attention Unit
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i
<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i-1

Layer 
<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i
<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i+1
Layer 

<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i
<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i
Layer 

<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i
<latexit sha1_base64="kSD1gj0zm5uE0tiEl/bImImTVQs=">AAAB6HicbZDLSgMxFIbPeK31VnXpJlgEV2VGobrSghuXLdgLtEPJpGfa2ExmSDJCKX0CNy4Uceur+AbufBvTaRfa+kPg4//PIeecIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD22nefESleSzvzShBP6J9yUPOqLFWjXcLRbfkZiLL4M2hePN5kanaLXx1ejFLI5SGCap123MT44+pMpwJnOQ7qcaEsiHtY9uipBFqf5wNOiGn1umRMFb2SUMy93fHmEZaj6LAVkbUDPRiNjX/y9qpCa/8MZdJalCy2UdhKoiJyXRr0uMKmREjC5QpbmclbEAVZcbeJm+P4C2uvAyN85JXLpVrXrFyDTPl4BhO4Aw8uIQK3EEV6sAA4Qle4NV5cJ6dN+d9VrrizHuO4I+cjx/JpI8l</latexit>

i-1

Illustration of the three-direction PEB selective scan, from left to right: spatial scan, depth-forward
scan, and depthbackward scan.

• Spatial Scan: operates along the depth dimension to collect information at a specific
spatial position across all depth layers

• Depth-Forward Scan: processes the entire shallow level first before transitioning to
deeper levels

• Depth-Backward Scan: processes deeper levels before moving to shallower ones

Spatial-Depthwise PEB Selective Scan

12



State space model (SSM):
• Capture long-range dependencies with parallel training

• Map a scalar sequence x(t) to another scalar sequence y(t) via a hidden state
h(t) ∈ RN

• A ∈ RN×N: evolution parameter; B,C ∈ RN×1: projection parameters

h′(t) = Ah(t) + Bx(t), y(t) = Ch(t). (6)

Deep learning adaption: zero-order hold (ZOH) discretization assumption:

Ā = exp(∆A), B̄ = (∆A)−1(exp(∆A)− I) ·∆B, (7)

Discretized version re-expression:

ht = Āht−1 + B̄xt, yt = Cht. (8)

State Space Model

13



• Selectively focuses on relevant information while ignoring irrelevant inputs.

• Associate SSM projection parameters with the input

• Hardware-aware algorithm for SSM computation with linear scalability relative to
sequence length

• Parallel scans: Kernel fusion and recomputation

B = LinearN(x), C = LinearN(x), (9)
∆ = softplus(BroadcastK(Linear1(x)) + D), (10)

Mamba: Selective Scan State Space Model
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• Maximum squared error (MaxSE): LMaxSE = maxd,h,w

(
Ŷd,h,w − Yd,h,w

)2

• PEB focal loss:

• distributions of both photoacid and inhibitor are highly imbalanced

• LPEB-FL =
∑D

d
∑H

h
∑W

w

∣∣∣Ŷd,h,w − Yd,h,w

∣∣∣γ (Ŷd,h,w − Yd,h,w

)2

Photoacid value ranges Inhibitor value ranges

Customized PEB Optimization Objectives
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• Differential depth divergence regularization: aligning inter-layer differences

• For every pair Ŷ,Y ∈ RD×H×W , calculate layer-wise forward difference maps
∆Ŷ,∆Y ∈ R(D−1)×H×W : ∆Ŷd = Ŷd+1 − Ŷd, ∆Yd = Yd+1 − Yd

• convert the difference maps into probabilities to penalize high difference layers:

σ(∆Ŷd) =
exp(∆Ŷd/τ)∑H

h=1
∑W

w=1 exp(∆Ŷd,h,w/τ)
, (11)

σ(∆Yd) =
exp(∆Yd/τ)∑H

h=1
∑W

w=1 exp(∆Yd,h,w/τ)
, (12)

• LDiv: Kullback-Leibler divergence between difference maps:

LDiv =

D−1∑
d=1

σ(∆Ŷd) log
σ(∆Ŷd)

σ(∆Yd)
(13)

Customized PEB Optimization Objectives
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scale =
<latexit sha1_base64="SonS45+JoUZL911RByPyqTmEuq8=">AAAB83icbVC7SgNBFL3rM8ZX1NJmNAhWy06KaBmw0S6CeUCyhNnJbDJkdnaZmRXCsr9hY6GIrT9j54/YiU4ehSYeuHA4517uvSdIBNfG8z6cldW19Y3NwlZxe2d3b790cNjUcaooa9BYxKodEM0El6xhuBGsnShGokCwVjC6mvite6Y0j+WdGSfMj8hA8pBTYqzURd1QEZrhPKvkvVLZc70p0DLBc1Ku4fzz6+TbrfdK791+TNOISUMF0bqDvcT4GVGGU8HyYjfVLCF0RAasY6kkEdN+Nr05R2dW6aMwVrakQVP190RGIq3HUWA7I2KGetGbiP95ndSEl37GZZIaJulsUZgKZGI0CQD1uWLUiLElhCpub0V0SGwKxsZUtCHgxZeXSbPi4qpbvcXl2g3MUIBjOIVzwHABNbiGOjSAQgIP8ATPTuo8Oi/O66x1xZnPHMEfOG8/NTGVmw==</latexit>

1
2

<latexit sha1_base64="SonS45+JoUZL911RByPyqTmEuq8=">AAAB83icbVC7SgNBFL3rM8ZX1NJmNAhWy06KaBmw0S6CeUCyhNnJbDJkdnaZmRXCsr9hY6GIrT9j54/YiU4ehSYeuHA4517uvSdIBNfG8z6cldW19Y3NwlZxe2d3b790cNjUcaooa9BYxKodEM0El6xhuBGsnShGokCwVjC6mvite6Y0j+WdGSfMj8hA8pBTYqzURd1QEZrhPKvkvVLZc70p0DLBc1Ku4fzz6+TbrfdK791+TNOISUMF0bqDvcT4GVGGU8HyYjfVLCF0RAasY6kkEdN+Nr05R2dW6aMwVrakQVP190RGIq3HUWA7I2KGetGbiP95ndSEl37GZZIaJulsUZgKZGI0CQD1uWLUiLElhCpub0V0SGwKxsZUtCHgxZeXSbPi4qpbvcXl2g3MUIBjOIVzwHABNbiGOjSAQgIP8ATPTuo8Oi/O66x1xZnPHMEfOG8/NTGVmw==</latexit>

1
2 scale=

<latexit sha1_base64="Se0acNQIboOZZyjWAJr8vvcyX7s=">AAAB83icbVC7SgNBFL0bXzG+opY2o0GwWnYsomXARrsI5gHJEmYns8mQ2dllZlYIy/6GjYUitv6MnT9iJzp5FJp44MLhnHu5954gEVwbz/twCiura+sbxc3S1vbO7l55/6Cp41RR1qCxiFU7IJoJLlnDcCNYO1GMRIFgrWB0NfFb90xpHss7M06YH5GB5CGnxFip2w0VoRnOM1zNe+WK53pToGWC56RSw/nn1/G3W++V37v9mKYRk4YKonUHe4nxM6IMp4LlpW6qWULoiAxYx1JJIqb9bHpzjk6t0kdhrGxJg6bq74mMRFqPo8B2RsQM9aI3Ef/zOqkJL/2MyyQ1TNLZojAVyMRoEgDqc8WoEWNLCFXc3orokNgYjI2pZEPAiy8vk+a5i6tu9RZXajcwQxGO4ATOAMMF1OAa6tAACgk8wBM8O6nz6Lw4r7PWgjOfOYQ/cN5+AFenlbA=</latexit>

1
16

<latexit sha1_base64="Se0acNQIboOZZyjWAJr8vvcyX7s=">AAAB83icbVC7SgNBFL0bXzG+opY2o0GwWnYsomXARrsI5gHJEmYns8mQ2dllZlYIy/6GjYUitv6MnT9iJzp5FJp44MLhnHu5954gEVwbz/twCiura+sbxc3S1vbO7l55/6Cp41RR1qCxiFU7IJoJLlnDcCNYO1GMRIFgrWB0NfFb90xpHss7M06YH5GB5CGnxFip2w0VoRnOM1zNe+WK53pToGWC56RSw/nn1/G3W++V37v9mKYRk4YKonUHe4nxM6IMp4LlpW6qWULoiAxYx1JJIqb9bHpzjk6t0kdhrGxJg6bq74mMRFqPo8B2RsQM9aI3Ef/zOqkJL/2MyyQ1TNLZojAVyMRoEgDqc8WoEWNLCFXc3orokNgYjI2pZEPAiy8vk+a5i6tu9RZXajcwQxGO4ATOAMMF1OAa6tAACgk8wBM8O6nz6Lw4r7PWgjOfOYQ/cN5+AFenlbA=</latexit>

1
16 scale=

<latexit sha1_base64="5CFwShQgcbF+dvqKVMDpnsMq99A=">AAAB9HicbVC7SgNBFL0bXzG+opY2o0GwWnZSxJQBG+0imAckS5idzCZDZh/OzAbCst9hY6GIrR9j54/YiU4ehSYeuHA4517uvceLBVfacT6s3Nr6xuZWfruws7u3f1A8PGqqKJGUNWgkItn2iGKCh6yhuRasHUtGAk+wlje6mvqtMZOKR+GdnsTMDcgg5D6nRBvJ7fqS0BRnKS5Xs16x5NjODGiV4AUp1XD2+XX6bdd7xfduP6JJwEJNBVGqg51YuymRmlPBskI3USwmdEQGrGNoSAKm3HR2dIbOjdJHfiRNhRrN1N8TKQmUmgSe6QyIHqplbyr+53US7VfdlIdxollI54v8RCAdoWkCqM8lo1pMDCFUcnMrokNictAmp4IJAS+/vEqaZRtX7MotLtVuYI48nMAZXACGS6jBNdShARTu4QGe4NkaW4/Wi/U6b81Zi5lj+APr7QfPpJXu</latexit>

1
128

<latexit sha1_base64="5CFwShQgcbF+dvqKVMDpnsMq99A=">AAAB9HicbVC7SgNBFL0bXzG+opY2o0GwWnZSxJQBG+0imAckS5idzCZDZh/OzAbCst9hY6GIrR9j54/YiU4ehSYeuHA4517uvceLBVfacT6s3Nr6xuZWfruws7u3f1A8PGqqKJGUNWgkItn2iGKCh6yhuRasHUtGAk+wlje6mvqtMZOKR+GdnsTMDcgg5D6nRBvJ7fqS0BRnKS5Xs16x5NjODGiV4AUp1XD2+XX6bdd7xfduP6JJwEJNBVGqg51YuymRmlPBskI3USwmdEQGrGNoSAKm3HR2dIbOjdJHfiRNhRrN1N8TKQmUmgSe6QyIHqplbyr+53US7VfdlIdxollI54v8RCAdoWkCqM8lo1pMDCFUcnMrokNictAmp4IJAS+/vEqaZRtX7MotLtVuYI48nMAZXACGS6jBNdShARTu4QGe4NkaW4/Wi/U6b81Zi5lj+APr7QfPpJXu</latexit>

1
128scale=

<latexit sha1_base64="NmpCHa/IFP47C0E0L9WEl5upM9g=">AAAB83icbVDLSsNAFL2pr1pfVZduokVwFTIVqsuCG91VsA9oQplMJ+3QySTMTIQS8htuXCji1p9x54+4E50+Ftp64MLhnHu5954g4Uxp1/2wCiura+sbxc3S1vbO7l55/6Cl4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfHb91QqFos7PU6oH+GBYCEjWBvJ80KJSYby7Lya98oV13GnsJcJmpNKHeWfX8ffTqNXfvf6MUkjKjThWKkuchPtZ1hqRjjNS16qaILJCA9o11CBI6r8bHpzbp8apW+HsTQltD1Vf09kOFJqHAWmM8J6qBa9ifif1011eOlnTCSppoLMFoUpt3VsTwKw+0xSovnYEEwkM7faZIhNDNrEVDIhoMWXl0mr6qCaU7tFlfoNzFCEIziBM0BwAXW4hgY0gUACD/AEz1ZqPVov1uustWDNZw7hD6y3H1Sfla4=</latexit>

1
32

<latexit sha1_base64="NmpCHa/IFP47C0E0L9WEl5upM9g=">AAAB83icbVDLSsNAFL2pr1pfVZduokVwFTIVqsuCG91VsA9oQplMJ+3QySTMTIQS8htuXCji1p9x54+4E50+Ftp64MLhnHu5954g4Uxp1/2wCiura+sbxc3S1vbO7l55/6Cl4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0NfHb91QqFos7PU6oH+GBYCEjWBvJ80KJSYby7Lya98oV13GnsJcJmpNKHeWfX8ffTqNXfvf6MUkjKjThWKkuchPtZ1hqRjjNS16qaILJCA9o11CBI6r8bHpzbp8apW+HsTQltD1Vf09kOFJqHAWmM8J6qBa9ifif1011eOlnTCSppoLMFoUpt3VsTwKw+0xSovnYEEwkM7faZIhNDNrEVDIhoMWXl0mr6qCaU7tFlfoNzFCEIziBM0BwAXW4hgY0gUACD/AEz1ZqPVov1uustWDNZw7hD6y3H1Sfla4=</latexit>

1
32 scale=

<latexit sha1_base64="c/3lWTwYmx2jYclvZpLPz4QCWGI=">AAAB83icbVDLSgNBEOz1GeMr6tHLaBA8LTsi0WPAi94imAckS5idzCZDZmeXmVkhLPsbXjwo4tWf8eaPeBOdPA6aWNBQVHXT3RUkgmvjeR/O0vLK6tp6YaO4ubW9s1va22/oOFWU1WksYtUKiGaCS1Y33AjWShQjUSBYMxhejf3mPVOax/LOjBLmR6QvecgpMVbqdEJFaIbzrHKed0tlz/UmQIsEz0i5ivPPr6Nvt9YtvXd6MU0jJg0VROs29hLjZ0QZTgXLi51Us4TQIemztqWSREz72eTmHJ1YpYfCWNmSBk3U3xMZibQeRYHtjIgZ6HlvLP7ntVMTXvoZl0lqmKTTRWEqkInROADU44pRI0aWEKq4vRXRAbExGBtT0YaA519eJI0zF1fcyi0uV29gigIcwjGcAoYLqMI11KAOFBJ4gCd4dlLn0XlxXqetS85s5gD+wHn7AVw7lbM=</latexit>

1
64

<latexit sha1_base64="c/3lWTwYmx2jYclvZpLPz4QCWGI=">AAAB83icbVDLSgNBEOz1GeMr6tHLaBA8LTsi0WPAi94imAckS5idzCZDZmeXmVkhLPsbXjwo4tWf8eaPeBOdPA6aWNBQVHXT3RUkgmvjeR/O0vLK6tp6YaO4ubW9s1va22/oOFWU1WksYtUKiGaCS1Y33AjWShQjUSBYMxhejf3mPVOax/LOjBLmR6QvecgpMVbqdEJFaIbzrHKed0tlz/UmQIsEz0i5ivPPr6Nvt9YtvXd6MU0jJg0VROs29hLjZ0QZTgXLi51Us4TQIemztqWSREz72eTmHJ1YpYfCWNmSBk3U3xMZibQeRYHtjIgZ6HlvLP7ntVMTXvoZl0lqmKTTRWEqkInROADU44pRI0aWEKq4vRXRAbExGBtT0YaA519eJI0zF1fcyi0uV29gigIcwjGcAoYLqMI11KAOFBJ4gCd4dlLn0XlxXqetS85s5gD+wHn7AVw7lbM=</latexit>

1
64

Photoacid 
Distribution

Inhibitor 
Distribution

Feature Map

Layer 
<latexit sha1_base64="keD52QHehaMrTRpej6Zpya/HV9E=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4sop0BG+0SMB+QHGFvM5es2ds7dveEEPILbCwUsfUXiZ3/xs0lhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Mbz2i0jyW92acoB/RgeQhZ9RYqc57xZJbdjOQVeItSOn6EzLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p9kh07JmVX6JIyVLWlIpv6emNBI63EU2M6ImqFe9mbif14nNeGVP+EySQ1KNl8UpoKYmMy+Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKl7pWqd/M0IA8ncArn4MElVOEWatAABghP8AKvzoPz7Lw57/PWnLOYOYY/cD5+AEPsjgs=</latexit>
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Overall Flow
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Experiment



• Mask clip: 2 × 2µm2 with 80nm thickness

• Resolution (x, y, z): 2nm, 2nm, 1nm.

• Technology node: 28nm and below

• Simulation parameter:

Table: Important parameters in photoresist simulation process.

PEB
Normal Diffusion
Length LN,A,LN,B

70, 15 nm
Lateral Diffusion
Length LL,A,LL,B

10, 10 nm

catalysis coefficient kc 0.9 /s reaction coefficient kr 8.6993 /s
transfer coefficient hA, hB 0.027, 0 saturation concentration [A]sat, [B]sat 0.9, 0

[I](t = 0) 1.0 [B](t = 0) 0.4
Baseline Time step 0.1 s Duration 90 s

Develop
Rmax 40 nm/s Rmin 0.0003 nm/s
Mth 0.5 n 30

Duration 60 s

Experimental Setup
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• DeepCNN: convolutional neural network model with a residual connection

• TEMPO-resist: conditional-GAN based model

• FNO: Fourier neural network

• DeePEB: extends FNO with CNN-based local learning branches

Table: Comparison with different PEB solvers.

Methodologies
Inhibitor Develop Rate CD Error

RT/sRMSE NRMSE RMSE NRMSE x y
(e-3) (%) (nm/s) (%) (nm) (nm)

DeepCNN 8.25 12.53 0.65 1.63 3.14 6.26 1.01
TEMPO-resist 7.67 12.55 0.50 1.26 2.12 2.45 6.48

FNO 7.91 11.68 0.68 1.69 2.34 3.71 1.15
DeePEB 3.99 5.70 0.48 1.19 0.98 1.24 1.37

SDM-PEB 2.78 3.70 0.35 0.86 0.74 0.93 1.06

Compare With Learning-based PEB Solvers
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Percentage counts of CD errors using different methods: (a) error in the x direction and (b) error in
the y direction.

Comparison of CD Error
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Top-down visualization examples of predicted distribution results. The upper row is the top surface
and the lower row is the bottom surface. (a) Ground truths, (b) predictions and (c) differences.

Visualization of Simulation Results
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Center

Corner

(a) (b) (c)

Vertical visualization of predicted results: the upper row shows the center contact, the lower row
shows the corner contact. (a) Ground truths, (b) predictions, (c) differences.

Visualization of Simulation Results
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Table: Ablation study

Methodologies
NRMSE/% CD Error

Inhibitor Rate x/nm y/nm
Single Layer Encoder 13.09 1.71 2.93 3.49

2-D Scan 8.83 1.58 2.07 3.05
w/o. Focal Loss 5.91 1.22 1.14 1.37

w/o. Regularization 5.98 1.24 1.15 1.42
SDM-PEB 3.70 0.86 0.74 0.93

Ablation Study
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