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Abstract—Migrating a validated analog layout across technol-
ogy nodes remains labor-intensive. Recent automatic migration
methods often miss multi-level design intent embedded in expert
layouts and may suffer from routing-induced LVS violations and
unstable placement behaviors. We present GRAIN, a design-
intent-driven analog layout migration framework that performs
constraint-aware hierarchical placement migration to preserve
multi-level placement behaviors, and uses guide-based routing
that decouples similarity from legality via a maze router to
reliably produce LVS-clean layouts. Experiments on real designs
migrated from 65 nm to 40 nm and 28 nm show that, compared
to a recent representative analog layout migration framework,
GRAIN delivers 100% LVS-clean layouts without manual fixes
and reduces area and wirelength by 13.8% and 29.2% on average,
while also yielding post-layout metrics closer to the schematic.

I. INTRODUCTION

The continuous scaling of semiconductor manufacturing
processes has amplified the demand for efficient analog layout
migration. Migration transfers an existing, validated layout to
a new process while preserving performance and the original
design intent. This is especially challenging for analog cir-
cuits, whose behavior is highly sensitive to device matching,
parasitics, and other layout-dependent effects. As a result,
industrial migration flows remain largely manual and labor-
intensive.

Automated analog layout migration has been explored, but
existing methods still have shortcomings. Early template-based
methods [1]], [2]] cannot capture realistic routing behavior and
layout-dependent effects [3]]. More recent works have widely
adopted constraint-graph (CG) [3[|-[6]] and topology slicing
tree [7]], [[8] in placement migration. For routing migration,
heuristic methods including Constrained Delaunay Triangu-
lation [4] and Cartesian Detection Lines [3]], [5] have also
been proposed. These approaches share two key issues: (i) CG-
based placement is sensitive to graph construction order, thus
unstable; (ii) existing routing migration methods frequently
fail Layout-Versus-Schematic (LVS) check. Both the issues
make it difficult for subsequent refinements after the automatic
migration.

To address these challenges, we present GRAIN, a design-
intent-driven analog layout migration framework that aims
to make migration stable, LVS-clean, and intent-preserving.
GRAIN combines a hierarchical clustering algorithm for
constraint-aware placement migration, and a guide-based rout-
ing algorithm for routing migration. An experiment on real
analog designs migrated from 65nm to 40nm and 28 nm,
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Fig. 1. Overview of the GRAIN framework. Our algorithms extract multi-level
design intent from the source layout, progressively building an intermediate
representation (IR). This abstracted intent is then migrated to the target
technology, and the final layout is reconstructed from the migrated IR.
demonstrates 100% LVS-clean results without manual fixes,
13.8% and 29.2% average reduction on area and wirelength,
respectively, and smaller schematic-to-layout performance
degradation under post-layout simulation.

II. GRAIN FRAMEWORK

The GRAIN framework facilitates analog layout migration
by preserving multi-level design intent through an explicit
Intermediate Representation (IR). Instead of manipulating fine-
grained GDSII polygons directly, GRAIN extracts design
intent into an IR, migrates this abstraction to the target tech-
nology, and finally reconstructs the layout. This IR serves as
a bridge, carrying placement constraints, including symmetry
and well-sharing, and routing topologies across migration.

A. Constraint-aware Placement Migration

To overcome the instability of traditional methods, we
employ a hierarchical strategy designed to preserve design in-
tent in the migration process, including symmetry, alignment,
and well-sharing behaviors. The first step is constraint-aware
clustering. We utilize the Density-Based Spatial Clustering of
Applications with Noise (DBSCAN) algorithm [9]] to capture
spatial patterns such as dense device groups and reserved
guard ring regions. Rather than its traditional use for noise
filtering, DBSCAN is specifically leveraged here for its ability
to represent irregular clusters. This is critical for analog layouts
where well-sharing and guard ring behaviors often manifest
as non-convex, density-dependent shapes that standard rect-
angular partitioning cannot capture. We define a precomputed
pairwise distance matrix where the spatial proximity between
devices is weighted by a constraint strength coefficient, so
that strongly constrained pairs are effectively pulled closer in
the clustering space. This ensures that devices sharing strong



design constraints are grouped together, maintaining their
relative structural integrity during migration. Then a recursive
hierarchical compaction is performed. The migration follows
a bottom-up hierarchical process. Within each cluster, intra-
cluster compaction moves devices toward the cluster center
while strictly following the symmetry and alignment con-
straints through coordinated movement. Subsequently, inter-
cluster compaction treats each cluster as a higher-level macro-
block for recursive compaction. The process continues until all
elements merge into a single, compact region, yielding a final
migrated placement that balances design intent preserving and
spatial efficiency.

B. Guide-based Routing Migration

To ensure LVS-clean reconstruction while preserving the
original routing style, we introduce a guide-based approach
that decouples layout similarity from LVS correctness.

The source routing is abstracted into a 3D-grid IR, where
each net is decomposed into 2-pin segments connected by pins
and Steiner points. Instead of migrating absolute coordinates,
we record the relative position of each pin to its device
bounding box. After placement migration, the Steiner points
are reconstructed via an axis-aligned affine transformation.
This transformation preserves the relative routing structure of
the original net, forming a routing guide that represents the
abstracted routing intent in the target design.

Then, the final routing is performed by a maze router
using the migrated guide as a soft constraint. This allows the
framework to prioritize LVS/DRC correctness while staying
as close as possible to the original topology. The routing cost
for a point p; is defined as:

Cost(p;) = BaseCost(p;) + A - Distance(p;, Paige) (1)

where BaseCost contains components including obstacle
penalty, wire length, and other constraints [[10f], [[11f], and the
penalty term X - Distance biases the path toward the guide
Pouige- This cost function biases the routing path toward the
migrated guide while ensuring LVS correctness.

III. EXPERIMENTAL RESULTS

We evaluate the GRAIN framework by migrating two 65nm
designs, a folded-cascode OTA and a comparator (COMP),
to 40nm and 28nm technologies. To isolate the contributions
of our algorithms, we compare GRAIN against baseline [3|]
and two hybrid variants: (1) [3]] fix, which uses the baseline’s
placement with the same maze router [[10], [[11]] to achieve
LVS-cleanliness and compare the placement migration; (2)
[3] + Ours, which combines the baseline’s placement with
our complete guide-based routing to compare the routing
migration. Performance is measured by the degradation from
schematic to post-layout simulation in the target technology.
We employed the router proposed by [[10], [L1] as the routing
engine in our framework.

The performance metrics for the migration on OTA and
COMP are summarized in Table [ and Table [ A main
observation is that the baseline [3] consistently fails LVS
checks and exhibits significant instability, yielding hundreds
of varying placement results that necessitate manual filtering.

In contrast, GRAIN provides a deterministic and robust flow
that is LVS-clean across all cases.

As for the performance, GRAIN prevents the performance
collapse seen in other methods at the 28nm node, where
parasitics dominate. GRAIN maintains critical metrics—such
as CMRR, PSRR, and phase margin—closest to schematic
values. Besides, GRAIN also achieves an average reduction
of 13.8% in area and 29.2% in wire length compared to
the baseline. The results of two hybrid baselines [3] fix and
[3]+ Ours show that though the LVS issue of baseline is
fixed, it cannot recover performance loss caused by suboptimal
placement. These results suggest that the layouts migrated
by GRAIN more closely resemble the compact and high-
performance layouts achieved by manual designs.

TABLE I
OTA: GEOMETRIC METRICS AND POST-LAYOUT PERFORMANCE

Tech. Method Areg WL Gain -3dB CMRR PSRR PM
(um=) (pm) (dB)IA] (kHz)[A] (dB) (dB) (°)[A]
650m Sch. N/A N/A NA 705 63.2 > 120 > 120 69.3
Manual 2001 524 v/ 62.8 17 348 45% 859  80.8 81.8 (+125)
Sch. N/A N/A N/A 558 109.6 > 120 > 120 777
13] 1392 893 X - - - - -
40nm 31 Gy 1392 698 v 538 20) 569 wasw)  62.6 772 8L2 (34
[31+Ours 1392 567 v 549 (09 589 (48%)  62.1 71.6  86.8 +9.1)
Ours 1384 521 v/ 55503 671 (9% 631 749 86.7 486
Sch. N/A N/A N/A 695 273.3 > 120 > 120 689
13] 520 573 X - - - - -
28nm 30y 520 434 v 270 a2 1112 3o 384 268 509 (is0)
[1]+Ours 520 402 Vo412 (-28) 1318 (+383%) 38.1 35.0 31.7 372
Ours 362 306 v 58.8 (108 224.6 +178%) 441 389 78.9 (193

Notes: (i) N/A means not applicable to schematic; (ii) - means unavailable
due to LVS check failure; (iii) > 120 dB means CMRR/PSRR reaching the
upper limit of simulation accuracy.

TABLE 11
COMP: GEOMETRIC METRICS AND POST-LAYOUT PERFORMANCE

Area WL t t Vos/VFs Viys/Vrs
Tech. Method r f ° v
(wm?) (um) @)[A] (@s)[A]  (BIA]  (B)IA]
65nm Sch. N/A  N/A N/A 198 8.25 0.92 5.48
Manual 2623 124.8 v/ 203 +05) 10.1 +1.9) 1.49 (+0.6) 5.65 (+0.2)
Sch. N/A N/A N/A 160 8.11 1.02 5.96
131 166.0 260.6 X . . . .
40nm 31 Gy 166.0 2084 v 185 425 9.77 1) 1.65 Gos)  7.93 (20)
[3]1+Ours 166.0 154.3 v 186 +2.6) 9.54 (+1.4) 1.65 +0.6) 8.19 (+22)
Ours 136.0 146.6 v 18.5 +2.5) 9.23 +1.1) 1.60 (+0.6) 6.80 (+0.8)
Sch. N/A  N/A N/A 399 2.17 0.14 5.60
13! 1156 1824 X - - .
28nm (31 iy 115.6 1669 v 477 08 2.91 o7 0.60 405 424 14
|3/+Ours 115.6 128.7 vV 458 +0.6) 2.87 +0.7) 0.39 +0.3) 3.45 22
Ours 77.14 107.8 v 4.42 +0.4) 2.80 (+0.6) 0.38 (+0.2) 4.25 (+1.9)

Notes: See shared notes under Table [l

IV. CONCLUSION

In this paper, we presented GRAIN, a design-intent-driven
analog layout migration framework that achieves 100% LVS-
clean migrations and improves geometric compactness and
post-layout performances closer to the schematic across real
65nm to 40nm and 28 nm designs. Our evaluation currently
covers a small set of designs; future work will extend GRAIN
to larger benchmarks and additional technologies to further
improve robustness.
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