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Abstract—As the integrated circuits (IC) technology continues
to scale, resolution enhancement techniques (RETs) are manda-
tory to obtain high manufacturing quality and yield. Among
various RETs, sub-resolution assist feature (SRAF) generation
is a key technique to improve the target pattern quality and
lithographic process window. While model-based SRAF insertion
techniques have demonstrated high accuracy, they usually suffer
from high computational cost. Therefore, more efficient tech-
niques that can achieve high accuracy while reducing runtime
are in strong demand. In this work, we leverage the recent
advancement in machine learning for image generation to tackle
the SRAF insertion problem. In particular, we propose a new
SRAF insertion framework, GAN-SRAF, which uses conditional
generative adversarial networks (CGANs) to generate SRAFs
directly for any given layout. Our proposed approach incor-
porates a novel layout to image encoding using multi-channel
heatmaps to preserve the layout information and facilitate layout
reconstruction. Our experimental results demonstrate ∼14.6×

reduction in runtime when compared to the previous best
machine learning approach for SRAF generation, and ∼144×

reduction compared to model-based approach, while achieving
comparable quality of results.

I. INTRODUCTION

While the integrated circuits technology node continues to

scale, the photolithography techniques are supposed to keep up

the pace and cope with the ever shrinking feature size. In fact,

low image contrast and complex target pattern shapes make

it extremely difficult for low−k1 lithography, the mainstream

technique, to achieve desired lithographic process windows

[1], [2]. Hence, resolution enhancement techniques have been

the major strategy to improve lithographic process window.

Among these techniques, Sub-Resolution Assist Feature

(SRAF) generation is used to improve the lithographic process

window of target patterns. These assist features are not actually

printed; instead, the SRAF patterns would deliver light to the

positions of target patterns at proper phase which can improve

the robustness of target printing to lithographic variations [3].

In practice, the process variation band is typically used as a

measure of such robustness, where the goal is to achieve the

minimum possible band [3].

In literature, different SRAF generation approaches have

been proposed and adopted. The rule-based approach can

achieve acceptable accuracy within short execution time for
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simple designs and regular target patterns [1], [4], [5]. How-

ever, the rule-based approach cannot handle complex shapes

as it requires significant pre-processing engineering efforts. On

the other hand, two trends of model-based SRAF generation

methods have been proposed and these can be categorized

based on the lithographic computations involved. The first

trend uses simulated aerial images to seed the SRAF gen-

eration [1], [2], while the other applies inverse lithography

technology (ILT) and computes the image contour to guide the

SRAF generation [6]. Despite better lithographic performance

compared to the rule-based approach, the model-based SRAF

generation is very time-consuming and it is difficult to achieve

the same SRAFs around the same layout configuration, i.e., not

consistent [3].

Recently, machine learning has been proposed to tackle the

problem of SRAF insertion to reduce the computational cost

associated with model-based methods [3], [7]. The proposed

method relies on SRAF features extraction with local sampling

scheme to obtain the optimal SRAF map. The key idea is to

use a 2D grid plane where a classification model is trained

to predict the probability of existence of SRAF in each grid

based on the extracted features. Although this approach has

demonstrated significant speedup compared to model-based

approaches while achieving comparable results in terms of

process variation band, there is still significant room for

improvement as we will show in this paper.

Motivated by the recent advancement in the field of image

processing in computer vision [8]–[12], we elect in this work

to address the SRAF generation problem from a new perspec-

tive. In fact, a layout in its essence can be simply viewed

as an image; hence, machine learning techniques developed

for image related task can come in handy. Moreover, it has

been shown that using convolutional neural networks has

demonstrated superior runtime and performance compared to

local decision based approaches when dealing with visual

data. Specifically, Conditional Generative Adversarial Network

(CGAN) has been leveraged to perform image translation

tasks. In other words, given related images in two different

domains, CGAN can be trained to translate images from one

domain to another [8], [9]. Examples of such applications

include, among others, image colorization and aerial to map

and edge to photo translations [9]. In addition, CGAN has been

recently adopted as a means to enhance the optical proximity

correction in IC manufacturing [13].

In this work, we propose to use CGAN for SRAF generation

by casting the problem into an image translation task where the

two images domains are: (i) original layout and (ii) layout with

SRAFs. Hence, generating an SRAF scheme for a particular

layout can be seen as translating the layout image from the first

domain (i.e., original layout) to the second domain (i.e., layout












