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Differentiable Programming



Derivative

Gradient
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Remember derivatives and gradients?



Automatic Differentiation : careful application of chain rule to programs.

Automatic Differentiation = methods for automatically computing gradients of
functions specified by a computer program.
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Automatic Differentiation



Execute differentiable code via automatic differentiation.
Differentiable programming: Writing software composed of differentiable and
parameterized building blocks that are executed via automatic differentiation and
optimized in order to perform a specified task.

1 A parameterized function (method / model / building blocks) to be optimized;

2 Automatic differentiability of the function to be optimized.

3 A loss to measure performance;

differentiable programming = programming languages + automatic differentiation.
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Differentiable Programming
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Differentiable programming: master quotes



Software 2.0 from Andrej Karpathy1

Differentiable Programming

AI is eating software from Jensen Huang2

2Software 2.0: https://karpathy.medium.com/software-2-0-a64152b37c35
2AI: https://www.technologyreview.com/ai-is-going-to-eat-software/
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Differentiable programming: Software 2.0



Background of Lithography



3
3Tim Fühner. “Artificial Evolution for the Optimization of Lithographic Process Conditions”. In:

2014.
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Lithography



The scalar imaging equation under partially coherent illumination

I (x1, y1) = JI ((x1, y1) , (x1, y1))

=
y ∫ ∞

−∞
JC

(
x0 − x′0, y0 − y′0

)
O (x0, y0)O∗ (x′0, y′0

)
H (x1 − x0, y1 − y0)H∗ (x1 − x′0, y1 − y′0

)
dx0 dy0 dx′0dy′0,

(1)

where O is the object function, the field of the photomask in the lithography case,
H is the projector transfer function, and JC is the mutual intensity, a weight factor,
of two points under extended source conditions.

Conclusion
The intensity at a point in the image plane is given by the propagation of the mutual
intensity of all contributing points, that is, of all points that lay in the support of the
projection system and the illuminator.
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The scalar imaging equation



• Abbe’s approach

• illumination cross-coefficients (ICC)

ICC(x, y; f , g) =
∣∣ ∞x

−∞
H(f + f ′, g + g′)F(M)(f ′, g′) exp(−j2π(f ′x + g′y)) df ′ dg′

∣∣2.
• Abbe’s approach

I(x, y) =
∞x

−∞
J(f , g)ICC(x, y; f , g) df dg.

• Hopkins’ approach

• TCC

I(x, y)=
∫∫∫∫ ∞

−∞
T (f ′,g′; f ′′,g′′)F(M)(f ′, g′)F(M)∗(f ′′,g′′)

exp(−j2π((f ′ − f ′′)x + (g′ − g′′)y))df ′dg′df ′′dg′′,
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Abbe’s VS Hopkins’



Abbe Hopkins

TCC Kernel Approximation

Mask
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Visualization

Complexity

Application

Can be accelerated using parallel 
computing, or compressive sensing.

Accelerated by SOCS. Can be further
 accelerated using GPU parallel computing.

Source optimization. Source Mask Co-optimization. Fast lithographic simulation. Mask optimization.
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Abbe’s VS Hopkins’



What’s next?



MaskWafer SourceLensProjection Lens
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Forward Lithography



MaskWafer SourceLensProjection Lens

Computational
Lithography 
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Computational Lithography



Lithography
Modeling

MOSAIC
ICCAD13

LithoGAN
DAC19

DOINN
DAC22

Nitho
DAC23

MaskWafer SourceLensProjection Lens
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Lithography Modeling



• Use automatic differentiation tools to make the simulator directly differentiable.
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Differentiability without surrogates



• Use automatic differentiation tools to make the simulator directly differentiable.
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Differentiability without surrogates



How can we implement differentiable lithography?

• Complex lithography setups can be composed of a pipeline of a series of distinct
modules i.e., source, lens, mask, aerial.

• One might need to differentiate through the whole end-to-end pipeline, which can be
achieved by compositionality and the chain rule.

Source

Condenser

Lens

Pupil
Lens

Resist
Substrate

Masks

Forward Lithography
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fr

Differentiable Chain

Source

Lens

Mask

Aerial

(b)

(a) Core components of forward lithography process. (b) The visualization of the differentiable
lithography chain.
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From the Tao to the Technique



• Differentiable analysis

• Unify analysis pipeline by simultaneously optimizing the free parameters of an
analysis with respect to the desired physics objective.

• Differentiable simulation

• Enable efficient simulation-based inference, reducing the number of events
needed by orders of magnitude.
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Differentiable Lithography



Source

Condenser

Lens

Pupil
Lens

Resist
Substrate

Masks

Forward Lithography

<latexit sha1_base64="hsR3vOOqu9o4WFWDj7wT9jAJU/8=">AAAB83icbVDJSgNBEO1JXGLcouLJy2AQPIUZweUY8OIxglkgM4SeTk3SpKdn6K4Rw5Df8OJBEa9+hL/gQfDkp2hnOWjig4LHe1VU1QsSwTU6zqeVyy8tr6wW1orrG5tb26Wd3YaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSDweXYb96C0jyWNzhMwI9oT/KQM4pG8jzsA9JOFtG7UadUdirOBPYicWekXM1/fL/tf0GtU3r3ujFLI5DIBNW67ToJ+hlVyJmAUdFLNSSUDWgP2oZKGoH2s8nNI/vIKF07jJUpifZE/T2R0UjrYRSYzohiX897Y/E/r51ieOFnXCYpgmTTRWEqbIztcQB2lytgKIaGUKa4udVmfaooQxNT0YTgzr+8SBonFfescnrtlqsOmaJADsghOSYuOSdVckVqpE4YScg9eSRPVmo9WM/Wy7Q1Z81m9sgfWK8/Lf6WKA==</latexit>

✓max

1. Init Parameters
2. Calculate source 

Forward

Backward

Calculate source gradient
with respect to source value

3https://github.com/TorchOPC/TorchLitho
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Differentiable Source Module

https://github.com/TorchOPC/TorchLitho


Source

Condenser

Lens

Pupil
Lens

Resist
Substrate

Masks

Forward Lithography

<latexit sha1_base64="hsR3vOOqu9o4WFWDj7wT9jAJU/8=">AAAB83icbVDJSgNBEO1JXGLcouLJy2AQPIUZweUY8OIxglkgM4SeTk3SpKdn6K4Rw5Df8OJBEa9+hL/gQfDkp2hnOWjig4LHe1VU1QsSwTU6zqeVyy8tr6wW1orrG5tb26Wd3YaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSDweXYb96C0jyWNzhMwI9oT/KQM4pG8jzsA9JOFtG7UadUdirOBPYicWekXM1/fL/tf0GtU3r3ujFLI5DIBNW67ToJ+hlVyJmAUdFLNSSUDWgP2oZKGoH2s8nNI/vIKF07jJUpifZE/T2R0UjrYRSYzohiX897Y/E/r51ieOFnXCYpgmTTRWEqbIztcQB2lytgKIaGUKa4udVmfaooQxNT0YTgzr+8SBonFfescnrtlqsOmaJADsghOSYuOSdVckVqpE4YScg9eSRPVmo9WM/Wy7Q1Z81m9sgfWK8/Lf6WKA==</latexit>

✓max

1. Init mask layout / params
2. Calculate mask spectrum /value

Forward

Backward

Calculate gradient
with respect to mask params

3https://github.com/TorchOPC/TorchLitho
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Differentiable Mask Module

https://github.com/TorchOPC/TorchLitho


Source

Condenser

Lens

Pupil
Lens

Resist
Substrate

Masks

Forward Lithography

<latexit sha1_base64="hsR3vOOqu9o4WFWDj7wT9jAJU/8=">AAAB83icbVDJSgNBEO1JXGLcouLJy2AQPIUZweUY8OIxglkgM4SeTk3SpKdn6K4Rw5Df8OJBEa9+hL/gQfDkp2hnOWjig4LHe1VU1QsSwTU6zqeVyy8tr6wW1orrG5tb26Wd3YaOU8WgzmIRq1ZANQguoY4cBbQSBTQKBDSDweXYb96C0jyWNzhMwI9oT/KQM4pG8jzsA9JOFtG7UadUdirOBPYicWekXM1/fL/tf0GtU3r3ujFLI5DIBNW67ToJ+hlVyJmAUdFLNSSUDWgP2oZKGoH2s8nNI/vIKF07jJUpifZE/T2R0UjrYRSYzohiX897Y/E/r51ieOFnXCYpgmTTRWEqbIztcQB2lytgKIaGUKa4udVmfaooQxNT0YTgzr+8SBonFfescnrtlqsOmaJADsghOSYuOSdVckVqpE4YScg9eSRPVmo9WM/Wy7Q1Z81m9sgfWK8/Lf6WKA==</latexit>

✓max

1. Init projection parameters
2. Calculate PSF / TCC

Forward

Backward

Calculate gradient
with respect to lens params

3https://github.com/TorchOPC/TorchLitho
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Differentiable Lens Module

https://github.com/TorchOPC/TorchLitho


Adjoint Differentiable Chain

Source Lens Mask Resist

<latexit sha1_base64="c7sGqS5rujaTipyQD6Bx4+1NtuA=">AAAB73icbZDLSsNAFIYn3lrrrerSTbAIrkoiUl0WRHBZwbSFNpTJ9KQdOpnEmROlhL6EGxeKuPV13PUtfAOdXhba+sPAx/+fw5xzgkRwjY4ztlZW19Y3cvnNwtb2zu5ecf+gruNUMfBYLGLVDKgGwSV4yFFAM1FAo0BAIxhcTfLGAyjNY3mHwwT8iPYkDzmjaKxmG/uAtMM7xZJTdqayl8GdQ6ma+/66fhx7tU7xs92NWRqBRCao1i3XSdDPqELOBIwK7VRDQtmA9qBlUNIItJ9N5x3ZJ8bp2mGszJNoT93fHRmNtB5GgamMKPb1YjYx/8taKYaXfsZlkiJINvsoTIWNsT1Z3u5yBQzF0ABliptZbdanijI0JyqYI7iLKy9D/azsVsqVW7dUPScz5ckROSanxCUXpEpuSI14hBFBnsgLebXurWfrzXqfla5Y855D8kfWxw+s6JQe</latexit>

θi

<latexit sha1_base64="ej0gA2IasJ9J5MGx7SZRhjL9ZI8=">AAAB73icbZDLSsNAFIZPvLXWW9Wlm2ARXJVEpLosiOCygmkLbSmT6aQZOpnEmROlhL6EGxeKuPV13PUtfAOdXhba+sPAx/+fw5xz/ERwjY4ztlZW19Y3cvnNwtb2zu5ecf+gruNUUebRWMSq6RPNBJfMQ46CNRPFSOQL1vAHV5O88cCU5rG8w2HCOhHpSx5wStBYzTaGDEk37BZLTtmZyl4Gdw6lau776/px7NW6xc92L6ZpxCRSQbRuuU6CnYwo5FSwUaGdapYQOiB91jIoScR0J5vOO7JPjNOzg1iZJ9Geur87MhJpPYx8UxkRDPViNjH/y1opBpedjMskRSbp7KMgFTbG9mR5u8cVoyiGBghV3Mxq05AoQtGcqGCO4C6uvAz1s7JbKVdu3VL1HGbKwxEcwym4cAFVuIEaeEBBwBO8wKt1bz1bb9b7rHTFmvccwh9ZHz+rZJQd</latexit>

θh

<latexit sha1_base64="6NzrwwP1zgJk3x1M/b1qHdypppU=">AAAB73icbZDLSgMxFIYz3lrrrerSTbAIrsqMSHVZEMFlBacttEPJpJk2NMmMyRmlDH0JNy4UcevruOtb+AaaXhba+kPg4//PIeecMBHcgOuOnZXVtfWNXH6zsLW9s7tX3D+omzjVlPk0FrFuhsQwwRXzgYNgzUQzIkPBGuHgapI3Hpg2PFZ3MExYIElP8YhTAtZqtqHPgHRkp1hyy+5UeBm8OZSque+v68exX+sUP9vdmKaSKaCCGNPy3ASCjGjgVLBRoZ0alhA6ID3WsqiIZCbIpvOO8Il1ujiKtX0K8NT93ZERacxQhrZSEuibxWxi/pe1Uogug4yrJAWm6OyjKBUYYjxZHne5ZhTE0AKhmttZMe0TTSjYExXsEbzFlZehflb2KuXKrVeqnqOZ8ugIHaNT5KELVEU3qIZ8RJFAT+gFvTr3zrPz5rzPSlecec8h+iPn4wey+JQi</latexit>

θm

<latexit sha1_base64="RW9OyxXT1doEYET1Mb8K3xBIla4=">AAAB73icbZDLSsNAFIYn3lrrrerSTbAIrkoiUl0WRHBZwbSFNpTJ9KQdOpnEmROlhL6EGxeKuPV13PUtfAOdXhba+sPAx/+fw5xzgkRwjY4ztlZW19Y3cvnNwtb2zu5ecf+gruNUMfBYLGLVDKgGwSV4yFFAM1FAo0BAIxhcTfLGAyjNY3mHwwT8iPYkDzmjaKxmG/uAtKM6xZJTdqayl8GdQ6ma+/66fhx7tU7xs92NWRqBRCao1i3XSdDPqELOBIwK7VRDQtmA9qBlUNIItJ9N5x3ZJ8bp2mGszJNoT93fHRmNtB5GgamMKPb1YjYx/8taKYaXfsZlkiJINvsoTIWNsT1Z3u5yBQzF0ABliptZbdanijI0JyqYI7iLKy9D/azsVsqVW7dUPScz5ckROSanxCUXpEpuSI14hBFBnsgLebXurWfrzXqfla5Y855D8kfWxw+6jJQn</latexit>

θr

Pluggable
Neural

Network

Training
Set

<latexit sha1_base64="ajs/+300//VxwaxuJzGVviJKQOw=">AAAB83icbVBNS8NAEN3Uj9b6VfXoJVgETyURqR4LInisYNpCG8pmO2mXbjZhd6KU0L/hxYMiXv0z3vov/Ae6/Tho64OBx3szzMwLEsE1Os7Eyq2tb2zmC1vF7Z3dvf3SwWFDx6li4LFYxKoVUA2CS/CQo4BWooBGgYBmMLye+s0HUJrH8h5HCfgR7UseckbRSJ0ODgBpN5OA426p7FScGexV4i5IuZb//rp5nHj1bumz04tZGoFEJqjWbddJ0M+oQs4EjIudVENC2ZD2oW2opBFoP5vdPLZPjdKzw1iZkmjP1N8TGY20HkWB6YwoDvSyNxX/89ophld+xmWSIkg2XxSmwsbYngZg97gChmJkCGWKm1ttNqCKMjQxFU0I7vLLq6RxXnGrleqdW65dkDkK5JickDPikktSI7ekTjzCSEKeyAt5tVLr2Xqz3uetOWsxc0T+wPr4ARkIlhw=</latexit>

θnet

Loss

Forward Backward
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Differentiable Chain



Adjoint Differentiable Chain

Source Lens Mask Resist

<latexit sha1_base64="c7sGqS5rujaTipyQD6Bx4+1NtuA=">AAAB73icbZDLSsNAFIYn3lrrrerSTbAIrkoiUl0WRHBZwbSFNpTJ9KQdOpnEmROlhL6EGxeKuPV13PUtfAOdXhba+sPAx/+fw5xzgkRwjY4ztlZW19Y3cvnNwtb2zu5ecf+gruNUMfBYLGLVDKgGwSV4yFFAM1FAo0BAIxhcTfLGAyjNY3mHwwT8iPYkDzmjaKxmG/uAtMM7xZJTdqayl8GdQ6ma+/66fhx7tU7xs92NWRqBRCao1i3XSdDPqELOBIwK7VRDQtmA9qBlUNIItJ9N5x3ZJ8bp2mGszJNoT93fHRmNtB5GgamMKPb1YjYx/8taKYaXfsZlkiJINvsoTIWNsT1Z3u5yBQzF0ABliptZbdanijI0JyqYI7iLKy9D/azsVsqVW7dUPScz5ckROSanxCUXpEpuSI14hBFBnsgLebXurWfrzXqfla5Y855D8kfWxw+s6JQe</latexit>

θi

<latexit sha1_base64="ej0gA2IasJ9J5MGx7SZRhjL9ZI8=">AAAB73icbZDLSsNAFIZPvLXWW9Wlm2ARXJVEpLosiOCygmkLbSmT6aQZOpnEmROlhL6EGxeKuPV13PUtfAOdXhba+sPAx/+fw5xz/ERwjY4ztlZW19Y3cvnNwtb2zu5ecf+gruNUUebRWMSq6RPNBJfMQ46CNRPFSOQL1vAHV5O88cCU5rG8w2HCOhHpSx5wStBYzTaGDEk37BZLTtmZyl4Gdw6lau776/px7NW6xc92L6ZpxCRSQbRuuU6CnYwo5FSwUaGdapYQOiB91jIoScR0J5vOO7JPjNOzg1iZJ9Geur87MhJpPYx8UxkRDPViNjH/y1opBpedjMskRSbp7KMgFTbG9mR5u8cVoyiGBghV3Mxq05AoQtGcqGCO4C6uvAz1s7JbKVdu3VL1HGbKwxEcwym4cAFVuIEaeEBBwBO8wKt1bz1bb9b7rHTFmvccwh9ZHz+rZJQd</latexit>

θh

<latexit sha1_base64="6NzrwwP1zgJk3x1M/b1qHdypppU=">AAAB73icbZDLSgMxFIYz3lrrrerSTbAIrsqMSHVZEMFlBacttEPJpJk2NMmMyRmlDH0JNy4UcevruOtb+AaaXhba+kPg4//PIeecMBHcgOuOnZXVtfWNXH6zsLW9s7tX3D+omzjVlPk0FrFuhsQwwRXzgYNgzUQzIkPBGuHgapI3Hpg2PFZ3MExYIElP8YhTAtZqtqHPgHRkp1hyy+5UeBm8OZSque+v68exX+sUP9vdmKaSKaCCGNPy3ASCjGjgVLBRoZ0alhA6ID3WsqiIZCbIpvOO8Il1ujiKtX0K8NT93ZERacxQhrZSEuibxWxi/pe1Uogug4yrJAWm6OyjKBUYYjxZHne5ZhTE0AKhmttZMe0TTSjYExXsEbzFlZehflb2KuXKrVeqnqOZ8ugIHaNT5KELVEU3qIZ8RJFAT+gFvTr3zrPz5rzPSlecec8h+iPn4wey+JQi</latexit>

θm

<latexit sha1_base64="RW9OyxXT1doEYET1Mb8K3xBIla4=">AAAB73icbZDLSsNAFIYn3lrrrerSTbAIrkoiUl0WRHBZwbSFNpTJ9KQdOpnEmROlhL6EGxeKuPV13PUtfAOdXhba+sPAx/+fw5xzgkRwjY4ztlZW19Y3cvnNwtb2zu5ecf+gruNUMfBYLGLVDKgGwSV4yFFAM1FAo0BAIxhcTfLGAyjNY3mHwwT8iPYkDzmjaKxmG/uAtKM6xZJTdqayl8GdQ6ma+/66fhx7tU7xs92NWRqBRCao1i3XSdDPqELOBIwK7VRDQtmA9qBlUNIItJ9N5x3ZJ8bp2mGszJNoT93fHRmNtB5GgamMKPb1YjYx/8taKYaXfsZlkiJINvsoTIWNsT1Z3u5yBQzF0ABliptZbdanijI0JyqYI7iLKy9D/azsVsqVW7dUPScz5ckROSanxCUXpEpuSI14hBFBnsgLebXurWfrzXqfla5Y855D8kfWxw+6jJQn</latexit>

θr

Pluggable
Neural

Network

Training
Set

<latexit sha1_base64="ajs/+300//VxwaxuJzGVviJKQOw=">AAAB83icbVBNS8NAEN3Uj9b6VfXoJVgETyURqR4LInisYNpCG8pmO2mXbjZhd6KU0L/hxYMiXv0z3vov/Ae6/Tho64OBx3szzMwLEsE1Os7Eyq2tb2zmC1vF7Z3dvf3SwWFDx6li4LFYxKoVUA2CS/CQo4BWooBGgYBmMLye+s0HUJrH8h5HCfgR7UseckbRSJ0ODgBpN5OA426p7FScGexV4i5IuZb//rp5nHj1bumz04tZGoFEJqjWbddJ0M+oQs4EjIudVENC2ZD2oW2opBFoP5vdPLZPjdKzw1iZkmjP1N8TGY20HkWB6YwoDvSyNxX/89ophld+xmWSIkg2XxSmwsbYngZg97gChmJkCGWKm1ttNqCKMjQxFU0I7vLLq6RxXnGrleqdW65dkDkK5JickDPikktSI7ekTjzCSEKeyAt5tVLr2Xqz3uetOWsxc0T+wPr4ARkIlhw=</latexit>

θnet

Loss

Forward Backward

Composable config
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Composable Differentiable Lithography



<latexit sha1_base64="iSH6oy+oEsuQxteBhEbFG8D3z1g=">AAAB63icbZDLSsNAFIZP6q3GS6su3QwWQTclEW87AyK4rGAv0IYymU7aoTOTMDMRSugruHGhiFufwrdw5yP4FiZtF9r6w8DH/5/DnHOCmDNtHOfLKiwtr6yuFdftjc2t7VJ5Z7eho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8zvPmA1WaRfLejGLqC9yXLGQEm9wKu8zulitO1ZkILYI7g4pX+r46tj9uat3yZ6cXkURQaQjHWrddJzZ+ipVhhNOx3Uk0jTEZ4j5tZyixoNpPJ7OO0WHm9FAYqexJgybu744UC61HIsgqBTYDPZ/l5n9ZOzHhpZ8yGSeGSjL9KEw4MhHKF0c9pigxfJQBJoplsyIywAoTk50nP4I7v/IiNE6q7nn17M6teKcwVRH24QCOwIUL8OAWalAHAgN4hGd4sYT1ZL1ab9PSgjXr2YM/st5/AA4XkH0=</latexit>

fi

<latexit sha1_base64="5UQ0jfEOOKOhTTZbNRvq96479zU=">AAAB6nicbZDLSgMxFIbPeK3jpVWXboJF0E2ZEW87CyK4rGgv0A4lk2ba0EwyJBmhDH0ENy4Ucetb+BbufATfwvSy0NYfAh//fw4554QJZ9p43pezsLi0vLKaW3PXNza38oXtnZqWqSK0SiSXqhFiTTkTtGqY4bSRKIrjkNN62L8a5fUHqjST4t4MEhrEuCtYxAg21rqL2r12oeiVvLHQPPhTKJbz35dH7sd1pV34bHUkSWMqDOFY66bvJSbIsDKMcDp0W6mmCSZ93KVNiwLHVAfZeNQhOrBOB0VS2ScMGru/OzIcaz2IQ1sZY9PTs9nI/C9rpia6CDImktRQQSYfRSlHRqLR3qjDFCWGDyxgopidFZEeVpgYex3XHsGfXXkeascl/6x0eusXyycwUQ72YB8OwYdzKMMNVKAKBLrwCM/w4nDnyXl13ialC860Zxf+yHn/AddGkGg=</latexit>

fh

<latexit sha1_base64="jflXeaQJjnKSbCZJq3OpK3Ct6sc=">AAAB6nicbZDLSgMxFIbPeK3jpVWXboJF0E2ZEW87CyK4rGgv0A4lk2ba0CQzJBmhDH0ENy4Ucetb+BbufATfwvSy0NYfAh//fw4554QJZ9p43pezsLi0vLKaW3PXNza38oXtnZqOU0VolcQ8Vo0Qa8qZpFXDDKeNRFEsQk7rYf9qlNcfqNIslvdmkNBA4K5kESPYWOsuaot2oeiVvLHQPPhTKJbz35dH7sd1pV34bHVikgoqDeFY66bvJSbIsDKMcDp0W6mmCSZ93KVNixILqoNsPOoQHVing6JY2ScNGru/OzIstB6I0FYKbHp6NhuZ/2XN1EQXQcZkkhoqyeSjKOXIxGi0N+owRYnhAwuYKGZnRaSHFSbGXse1R/BnV56H2nHJPyud3vrF8glMlIM92IdD8OEcynADFagCgS48wjO8ONx5cl6dt0npgjPt2YU/ct5/AN7akG0=</latexit>

fm

<latexit sha1_base64="Yrp17ZyXuP3LCpUif4dA2d7PDYg=">AAAB63icbZDLSsNAFIZP6q3GS6su3QwWQTclEW87AyK4rGAv0IYymU7aoTOTMDMRSugruHGhiFufwrdw5yP4FiZtF9r6w8DH/5/DnHOCmDNtHOfLKiwtr6yuFdftjc2t7VJ5Z7eho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8zvPmA1WaRfLejGLqC9yXLGQEm9wKu8rulitO1ZkILYI7g4pX+r46tj9uat3yZ6cXkURQaQjHWrddJzZ+ipVhhNOx3Uk0jTEZ4j5tZyixoNpPJ7OO0WHm9FAYqexJgybu744UC61HIsgqBTYDPZ/l5n9ZOzHhpZ8yGSeGSjL9KEw4MhHKF0c9pigxfJQBJoplsyIywAoTk50nP4I7v/IiNE6q7nn17M6teKcwVRH24QCOwIUL8OAWalAHAgN4hGd4sYT1ZL1ab9PSgjXr2YM/st5/ABvEkIY=</latexit>

fr

Differentiable Chain

Source Lens Mask Aerial

Mask Optimization

SMO

Resist modeling

Parameter tuning

RETs Tasks

Feedback Parameters
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Differentiable Lithography Applications



Source Optimization : optimize source parameters, fix others.

Mask Optimization : optimize mask parameters, fix others.

Source Mask Optimization : bi-level optimization for source and mask

3https://github.com/TorchOPC/TorchLitho
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Multi-level optimization framework.

https://github.com/TorchOPC/TorchLitho


The comparison of the proposed method and the SOTA method.

28/30

Results



[1] Tim Fühner. “Artificial Evolution for the Optimization of Lithographic
Process Conditions”. In: 2014.
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