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Abstract
Inverse design of on-chip tapped inductors is one-to-many: a target
electrical response can map to many layouts, but few remain legal
and effective after electromagnetic (EM) and circuit-level evaluation.
Existing learning-based methods often rely on restrictive parametric
codes or image-like maps that weaken layout discipline. We instead
represent each inductor as a topology-aware sequence and generate
it autoregressively with a decoder-only transformer conditioned
on structured passive-response tokens implied by the target active
circuit. A verification-aware flow then performs legality screening,
minimum-edit repair, post-EM ranking, and circuit-level selection.
Across three T-coil-peaked driver cases and three oscillator-tank
cases, each evaluated over five seeds, our method achieves the best
mean circuit-level performance in every case. It delivers the highest
mean driver 3-dB bandwidths of 60.66–82.53 GHz with 2.86×–2.95×
bandwidth extension, and the lowest mean oscillator frequency er-
rors of 1.84%–4.61% with the highest mean figures of merit.
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1 Introduction
On-chip radio-frequency (RF) passives must meet electrical targets
and strict layout constraints simultaneously [1, 12, 15, 24, 25]. For
integrated inductors, inductance, quality factor 𝑄 , coupling, and
self-resonant frequency (SRF) are tightly coupled through geometry,
conductor loss, and substrate parasitics [3, 12]. Designers therefore
iterate among sizing, layout realization, electromagnetic (EM) simu-
lation, and circuit-level verification [6, 11, 19]. A tapped inductor fur-
ther adds an intermediate terminal, expanding the design space while
introducing tap-placement, pin-access, and legality constraints [20].
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In many circuit-driven RF passive-design tasks, the starting point
is a target response imposed by the surrounding active circuit, such
as bandwidth extension, impedance shaping, or resonance control,
rather than a preferred geometry [5, 8, 17]. The resulting inverse-
design problem is response-to-layout: given a target electrical re-
sponse, generate a legal tapped-inductor layout whose EM-extracted
response remains useful in the surrounding circuit. This inverse
mapping is inherently one-to-many: a target response may admit
multiple geometries, but only a subset remains legal and competitive
after physical verification.

Learning-based inverse design has been explored through di-
rect inverse neural models for microwave filters, antennas, and
on-chip EM structures [13, 21, 26], invertible neural networks for mi-
crowave component synthesis that explicitly address one-to-many
inverse mappings [23], and generative models for EM structures
and impedance-matching circuits [7, 14, 27]. Recent work has ex-
tended inverse design to higher-frequency RF passives and circuits [8,
9], while surrogate-assisted optimization has demonstrated circuit-
aware passive search over parametric T-coil families in fixedwireline-
driver contexts [22]. Nevertheless, existing formulations do not fully
resolve the representation-and-realization gap in response-to-layout
synthesis of tapped inductors. Low-dimensional parametric fami-
lies restrict the diversity of feasible solutions, whereas image-like
or pattern-centric generators do not naturally preserve ordered ge-
ometry, geometric regularity, or explicit tap semantics needed for
robust layout realization. Thus, the core challenge is to build an
expressive yet layout-disciplined response-to-layout framework that
combines topology-aware representation and response-conditioned
generation with layout realization, EM verification, and circuit-level
selection.

We address this problem through three coupled elements. First, a
tapped inductor is encoded as an ordered outer-contour sequence of
direction, length, width, and tap tokens, enabling segment-wise geo-
metric variation within the studied tapped-octagonal family without
reducing the layout to a small predefined parameter vector. Sec-
ond, rather than conditioning directly on dense complex scattering-
parameter (𝑆-parameter) tensors, we use cross-attention [18] to con-
dition an autoregressive transformer decoder on structured, frequency-
resolved passive tokens defined over a task-specific grid. Each per-
frequency token encodes inductance 𝐿, coupling 𝑘 , and an ordinal𝑄
preference, while a separate global token encodes the SRF preference.
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Autoregressive decoding is well matched to the ordered geometry be-
cause early segment decisions constrain later ones. Third, generated
candidates undergo a verification-aware flow comprising legality
screening, fixed-topology minimum-edit repair, post-EM passive
ranking, and final circuit-level selection. Together, these elements
yield a unified end-to-end inverse-design flow.

In summary, the contributions are as follows:

• We introduce a topology-aware outer-contour sequence repre-
sentation that preserves traversal order, variable geometry, and
explicit tap semantics without restricting layouts to a small pre-
defined parametric family.

• We propose structured frequency-resolved conditioning and au-
toregressive sequence generation that separate frequency-local in-
ductance, coupling, and quality-factor preferences from a frequency-
global SRF preference.

• We establish a unified inverse-design workflow that integrates
candidate generation, legality screening, minimum-edit repair,
post-EM passive ranking, and final circuit-level selection.

• We validate the proposed method on T-coil-peaked driver and
oscillator-tank cases, demonstrating superior realizability and
the best circuit-level performance across all evaluated cases.

2 Preliminaries
2.1 Tapped Inductors in RF Networks
Integrated spiral inductors are widely used in RF front ends for
matching, tuned loading, resonance, and broadband passive shap-
ing, with their inductance, loss, and self-resonant behavior strongly
dependent on geometry, substrate coupling, and conductor para-
sitics [1, 12, 15, 24, 25]. By introducing an intermediate terminal,
tapped inductors provide additional electrical degrees of freedom for
bandwidth extension, pole-zero shaping, resonant tanks, and multi-
port impedance control [5, 17, 20]. Their topology, geometry, and
tap location must therefore be jointly determined according to the
surrounding circuit requirements, making their synthesis inherently
response-driven.

2.2 Passive Characterization and Circuit-Level
Validation

Integrated inductors and tapped coils are frequency-dependent net-
works typically characterized by 𝑆-parameters and derived passive
metrics including effective inductance, quality factor 𝑄 , coupling,
and SRF [3, 12, 15]. These metrics summarize energy storage, loss,
and inter-port interaction over frequency. Because geometry jointly
affects conductor resistance, parasitic capacitance, coupling, and
substrate loss, these metrics exhibit inherent trade-offs.

After grounding the tap, let 𝒁 (𝑓 ) ∈ C2×2 be the resulting two-
port impedance matrix. The outer and inner terminals are denoted
𝑃 and 𝑆 , respectively. For 𝑢 ∈ {𝑆, 𝑃}, the effective inductance and
port quality factor are

𝐿𝑢 (𝑓 ) =
ℑ{𝑍𝑢𝑢 (𝑓 )}

2𝜋 𝑓
, 𝑄𝑢 (𝑓 ) =

ℑ{𝑍𝑢𝑢 (𝑓 )}
ℜ{𝑍𝑢𝑢 (𝑓 )}

. (1)

The coupling metric 𝑘 (𝑓 ) is extracted as

𝑘 (𝑓 ) =

√︄
ℑ{𝑍𝑆𝑃 (𝑓 )}ℑ{𝑍𝑃𝑆 (𝑓 )}
ℑ{𝑍𝑆𝑆 (𝑓 )}ℑ{𝑍𝑃𝑃 (𝑓 )}

, (2)

(DIR, L, W) tokens Tap indicator

[SOP], (DIR!, 𝐿0, 𝑊0), ... , [TAP_IDX], 𝑖tap, [EOP]

Tapped-octagonal inductor with ordered outline

S

P

TAP
𝐿! 𝑊"

Sequence representation

Figure 1: Sequence representation of a tapped spiral inductor.
S

P

TAP

(DIR, L, W) tokens Tap indicator

[SOP], (N, 3, 2), (W, 4, 2), ... , [TAP_IDX], 1, [EOP]

Sequence representation

Tapped-octagonal inductor with ordered outline

𝐿" 𝑊#

(a)  Centerline (b)  Outline

𝑊!"#

𝑊! 𝑊!

𝑊!"#

Figure 2: Centerline-based versus outline-based width-aware
representations.

whenever the denominator is positive. The SRF is operationally the
first frequency at which either 𝐿𝑆 (𝑓 ) or 𝐿𝑃 (𝑓 ) becomes nonposi-
tive [3, 10, 16, 24, 25].

However, passive metrics alone do not fully determine circuit
utility. Idealized target specifications omit loss and parasitics and
thus serve as electrical references rather than directly realizable
passives [1, 2]. Moreover, candidates with similar passive error can
behave differently in a surrounding network. A useful inverse design
must therefore yield a legal layout, preserve the requested response
after inductor-level EM extraction, and satisfy the circuit-level ob-
jective [6, 11].

3 Proposed Conditional Generative Framework
3.1 Topology-Aware Sequence Representation
Instead of predicting layout pixels or continuous polygon coordinates
directly, we represent each inductor by a discrete token sequence
over ordered outer-contour segments:

𝒚 = [SOP], (DIR, 𝐿,𝑊 ), . . . , [TAP_IDX], 𝑖tap, [EOP], (3)
where [SOP] and [EOP] denote the start and end tokens, respectively,
[TAP_IDX] introduces the tap index, and DIR, 𝐿, and𝑊 encode seg-
ment direction, contour length, and inward metal width, respectively.
The variable 𝑖tap identifies the tapped segment. The mapping from
the geometry to the sequence is illustrated in Figure 1. The gold
polyline traces the outer contour, the light-blue arrows indicate the
eight-direction traversal order, and the blue square markers identify
the P terminal, the S terminal, and the tap location. Traversal starts
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at the outer P terminal, follows the ordered contour, and ends at
the inner S terminal, with the tap location encoded relative to this
traversal order.

We use the outer contour because centerline-based represen-
tations become awkward when adjacent segments have different
widths. As shown in Figure 2, outward expansion can create gaps or
corner spurs, highlighted by the blue and red triangles, respectively,
whereas an explicit outer boundary enables deterministic inward
expansion and corner stitching. This better preserves the polygo-
nal geometry and avoids excess-metal trimming and unnecessary
perturbations to current crowding and local parasitic coupling.

In this work, DIR is instantiated as an eight-direction vocabu-
lary {𝑁, 𝑁𝐸, 𝐸, 𝑆𝐸, 𝑆, 𝑆𝑊 ,𝑊 , 𝑁𝑊 }, corresponding to octagonal outer
contours. This matches common RFIC practice, where octagonal spi-
rals offer a practical compromise between circular and square layouts
and can reduce corner-related current crowding and series resistance
relative to square spirals while remaining convenient for regular
polygonal layout generation [4, 10, 25]. The sequence formalism
is not restricted to eight directions; replacing the DIR vocabulary
with a different set of allowable directions adapts it to other types of
polygonal inductors.

This sequence representation is a deliberate middle ground be-
tween low-dimensional parameterizations and rasterized geometry
maps. Compared with parameter sets, it preserves a substantially
larger inverse solution space and can describe diverse yet still legal-
izable layouts. Relative to image-like encodings, it retains explicit
ordering, local direction semantics, and tap-location semantics.

3.2 Problem Formulation
Let R denote the target electrical response induced by a given target
circuit case, and let 𝒄 denote the condition tokens derived from it.
The problem is to use 𝒄 as the conditioning input and generate a
tapped-inductor sequence 𝒚 such that the realized geometry G(𝒚)
remains valid under the downstream realization flow and its EM
response S(G(𝒚)) matches R as closely as possible. In circuit terms,
the goal is to generate a passive layout to meet the requirements
implied by the circuit-level objective.

3.3 Framework Overview
As illustrated in Figure 3, the proposed framework is organized into
five stages. First, a target active circuit defines the desired electri-
cal behavior of the tapped inductor. Second, the target 𝑆-parameter
response is converted into a structured passive specification and
then encoded into condition tokens. Third, a conditioned autore-
gressive transformer generates a candidate pool of topology-aware
inductor sequences. Fourth, these raw candidates pass through le-
gality filtering and repair so that only realizable layouts continue
downstream. Finally, the post-EM candidates are ranked in the pas-
sive space, inserted into the surrounding circuit, and compared by
circuit-level simulation to select the winner. Thus, the framework
targets circuit-level utility rather than layout realizability or passive-
response fidelity alone.

3.4 Target Construction and Condition Encoding
We ground the tap terminal in the target three-port response, re-
cover the corresponding two-port impedance matrix, and calcu-
late Equation (1) and Equation (2) on a task-specific frequency grid

F = {𝑓1, 𝑓2, . . . , 𝑓𝑀 }. The grid spans 5–100 GHz for broadband T-coil
peaking, whereas oscillator tasks use target-centered local windows.
The frequency-resolved rows are

𝒄̃ 𝑓 =
[
𝐿𝑆 (𝑓 ), 𝐿𝑃 (𝑓 ), 𝑘 (𝑓 ), 𝑄 lv (𝑓 )

]
, 𝑓 ∈ F , (4)

and the global condition row is
𝒄̃global =

[
0, 0, 0, SRFlv

]
. (5)

Here 𝑄 lv and SRFlv denote five-level ordinal preferences. At each
frequency,𝑄 lv is calibrated from training-split empirical quantiles of

𝑞bal (𝑓 ) =max(min(𝑄𝑆 (𝑓 ), 𝑄𝑃 (𝑓 )), 0) , (6)
whereas SRFlv is calibrated from the empirical SRF quantiles over
the dataset. These levels encode relative preferences for lower loss
and higher SRF, avoiding the need to assign nonphysical exact 𝑄 or
SRF values to an ideal target.

As shown in Figure 4, a shared per-frequency token encoder maps
each continuous [𝐿𝑆 , 𝐿𝑃 , 𝑘] tuple through a multilayer perceptron
(MLP) into R𝑑model and additively combines the result with learned
𝑄 lv and frequency-position embeddings. The shared encoder pro-
vides a common local electrical encoding, while frequency-position
embeddings distinguish frequency roles. A separate global encoder is
used because SRF characterizes the response globally. The resulting
stack of condition tokens is

𝒄 =
[
𝒄 𝑓1 , 𝒄 𝑓2 , . . . , 𝒄 𝑓𝑀 , 𝒄global

]
∈ R(𝑀+1)×𝑑model , (7)

which preserves task-relevant frequency variation without the di-
mensionality and phase-coordinate sensitivity of raw 𝑆-parameters.

3.5 Transformer-Based Candidate Generation
The decoder-only transformer in Figure 5 generates the sequence
in Equation (3) from [SOP] to [EOP]. Before entering the decoder
stack, tokens in the partially generated prefix are mapped to learned
token embeddings and combined with positional embeddings. Each
decoder block applies masked self-attention, cross-attention to 𝒄 , and
a feed-forward MLP. Self-attention captures geometric dependencies
because early segment decisions constrain later lengths, widths, and
tap placement, whereas cross-attention injects the target electrical
specification at each step, allowing different geometry tokens to
attend to frequency-specific conditions or the global SRF preference.
After the decoder stack, layer normalization and a linear vocabulary
projection produce next-token logits. At each decoding step, nucleus
sampling draws a token from the top-𝑝-filtered distribution to ex-
tend the prefix. Decoding continues until [EOP] to complete one
candidate, and repeated sampling yields a diverse candidate pool for
downstream legality filtering, repair, and verification.

3.6 Legality Filtering and Minimum-Edit Repair
All candidates undergo geometry-aware legality screening and, when
necessary, minimum-edit repair before EM simulation. Geometry
checks reject malformed sequences and self-intersections not con-
fined to the terminal segment rather than aggressively rewriting
them, because repairing such cases would amount to topology re-
design and obscure the quality of the generated sample itself. For
near-legal samples, a topology-preserving integer linear program
(ILP) maintains the segment count, direction order, topology, and
tap index while adjusting only integer-valued segment lengths and
widths. Let 𝑁 denote the number of ordered contour segments; hat-
ted quantities are the raw generated values, whereas ℓ𝑖 and𝑤𝑖 are
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Circuit-level target Electrical specification
and condition encoding 

Transformer-based generation Legality filtering and repair

…

condition tokens
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Finalist selection

1

Sc
or
e

2 34
simulation

[SOP], (DIR!, 𝐿0, 𝑊0), ... , [TAP_IDX], 𝑖tap, [EOP]

Figure 3: Overview of the response-to-layout generation and verification flow.

Target electrical specification

Passive specification from target S-parameters
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	𝒄𝒇𝟏
𝒄𝒇𝟐
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Frequency-
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…

Frequency-position embedding

Global-token embedding
+

…

𝑓-	: [	𝐿((𝑓-), 		𝐿) (𝑓-), 𝑘(𝑓-), 		𝑄#'(𝑓-)]

𝑓.	: [	𝐿((𝑓.), 		𝐿) (𝑓.), 𝑘(𝑓.), 		𝑄#'(𝑓.)]

𝑓/	: [	𝐿((𝑓/), 		𝐿) (𝑓/), 	𝑘(𝑓/), 		𝑄#'(𝑓/)]

Global: [	0, 0, 0, SRF#'	]

Task-specific frequency grid ℱ = {𝑓!, 𝑓", … , 𝑓#}

Figure 4: Frequency-resolved condition construction and en-
coding on a task-specific grid.

the repaired integer variables for 𝑖 = 0, . . . , 𝑁 − 1. The repair solves

min
ℓ,𝑤

𝑁−1∑︁
𝑖=0

(
|ℓ𝑖 − ℓ̂𝑖 | + |𝑤𝑖 − 𝑤̂𝑖 |

)
s.t. ℓ𝑖 ≥ ℓmin, 𝑤min ≤ 𝑤𝑖 ≤ 𝑤max, 𝑤0 =𝑤1,

ℓ𝑖 ,𝑤𝑖 ∈ Z,

(8)

where ℓmin and [𝑤min,𝑤max] specify the length and width bounds,
respectively. In the implementation, each absolute-value term is
converted to an equivalent linear form using a standard nonnega-
tive auxiliary variable. Under our layout convention, the first two
segments jointly form the feed-corner polygon used for terminal
construction; imposing𝑤0 =𝑤1 maintains a uniform junction width
and avoids an artificial width discontinuity that could exacerbate
current crowding and terminal parasitics.

Partially generated prefix
[SOP], (DIR, 	𝐿, W	), ... , [TAP_IDX], …

Decoder-only autoregressive transformer

+

Condition 
tokens

Sequence prediction head

Layer normalization

Linear vocabulary projection

Next-token sampling

Generated sequence
[SOP], (DIR, 	𝐿, W	), ... , [TAP_IDX], 𝑖!"#, [EOP]

Candidate pool sent to legality filtering, repair, verification

𝒄𝒇𝟏
𝒄𝒇𝟐

𝒄𝒇𝑴
𝒄%&'()&	

…
Decoder block (×𝐿)

Repeat across decode layers

Feed-forward MLP

Masked self-attention

Token embedding Positional embedding

Cross-attention

Figure 5: Decoder-only autoregressive transformer with cross-
attention to task-specific condition tokens.

Because the direction sequence is fixed during repair, the relative
orientations of critical segment pairs are fixed, allowing the following
three interaction sets to be precomputed:

𝐸sp = {(𝑖, 𝑖 + 8) | 𝑖 = 1, . . . , 𝑁 − 9},
𝐸in = {(𝑖, 𝑖 + 4) | 𝑖 = 𝑁 − 8, . . . , 𝑁 − 5},
𝐸tail = {(𝑁 − 8, 𝑁 − 1), (𝑁 − 7, 𝑁 − 1), (𝑁 − 6, 𝑁 − 1)}.

(9)

The sets 𝐸sp, 𝐸in, and 𝐸tail cover adjacent-turn spacing, inner-core
approach, and tail interactions, respectively. For each pair (𝑖, 𝑗),
Δ𝑖 𝑗 (ℓ) =

∑𝑁−1
𝑚=0 𝑎𝑖 𝑗𝑚ℓ𝑚 denotes the oriented perpendicular separa-

tion of segment 𝑗 from the supporting line of segment 𝑖 . The fixed
coefficient 𝑎𝑖 𝑗𝑚 ∈ {0,±1,±1/

√
2} is the signed projection of segment
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𝑚 onto the inward normal of segment 𝑖 , extracted from the generated
contour under the fixed direction sequence. With minimum spacing
𝑠min, legality requires

𝑤𝑖 ≤ Δ𝑖 𝑗 (ℓ) − 𝑠min, (𝑖, 𝑗) ∈ 𝐸sp,

𝑤𝑖 +𝑤 𝑗 ≤ Δ𝑖 𝑗 (ℓ) − 𝑠min, (𝑖, 𝑗) ∈ 𝐸in,

𝑤𝑖 + 𝛾𝑖 𝑗𝑤 𝑗 ≤ Δ𝑖 𝑗 (ℓ) − 𝑠min, (𝑖, 𝑗) ∈ 𝐸tail .

(10)

The tail width-projection coefficient 𝛾𝑖 𝑗 is 0 for a single-segment
constraint and 1/

√
2 for the corner-coupled case. These precomputed

coefficients keep all spacing constraints affine and compact. Adapting
the formulation to another polygon family requires replacing the
projection constants and pair rules.

3.7 Passive Ranking and Circuit-Level Selection
After legality screening and repair, surviving candidates are realized
as layouts and evaluated by EM simulation. The following correla-
tion analysis both supports the frequency-resolved condition repre-
sentation and motivates the post-EM ranking proxy. In normalized
frequency-resolved [𝐿𝑆 , 𝐿𝑃 , 𝑘] space over F , we define the passive
matching error as

𝑒pass =

√√√
1
𝐷

𝐷∑︁
𝑟=1

(
𝑧 (𝑥cand𝑟 ) − 𝑧 (𝑥 tgt𝑟 )

)2
, (11)

where 𝑥cand𝑟 and 𝑥 tgt𝑟 are the 𝑟 -th components of the candidate and
target passive vectors,𝐷 = 3|F | is the passive-vector dimensionality,
and 𝑧 (·) uses the training-split mean and standard deviation.

A smaller 𝑒pass indicates higher fidelity to the target passive re-
sponse. To capture passive quality beyond [𝐿𝑆 , 𝐿𝑃 , 𝑘] matching, we
define

𝑞score =
1
|F |

∑︁
𝑓 ∈F

log10 (1 + 𝑞bal (𝑓 )) , (12)

which summarizes the balanced 𝑄 behavior in Equation (6) over F ,
and a larger value indicates lower loss. The hybrid score is

𝑠hyb = 𝑒pass − 𝛼𝑧 (𝑞score) − 𝛽𝑧 (log10 SRF), (13)
where lower values are preferred, with the final term additionally
rewarding higher SRF. We evaluate this proxy by inserting the EM-
extracted 𝑆-parameters of 1,000 randomly collected inductor designs
into a T-coil-peaked driver and correlating each passive score with
circuit-level 3-dB bandwidth.With 𝛼 = 𝛽 = 1, Table 1 shows stronger
Pearson and Spearman correlations as 𝑄 and SRF are added. The
negative signs indicate that smaller passive scores predict larger
bandwidths. Figure 6 visualizes the complete hybrid relationship,
where each point represents one EM-evaluated layout, and the fitted
line summarizes the overall trend.

Accordingly, post-EM candidates are ranked using Equation (13).
The highest-ranked candidates are inserted into the external cir-

cuit with their EM-extracted 𝑆-parameters. The final winner is se-
lected by the task-specific circuit objective: 3-dB bandwidth for the
T-coil-peaked driver, and oscillation-frequency accuracy together
with oscillator figure of merit (FOM) for the oscillator tank.

4 Experimental Results
4.1 Setup
All experiments run on Linux with an Intel Xeon Gold 6348 CPU,
four NVIDIA A30 GPUs, and 512 GB of memory. Cadence EMX ex-
tracts inductor 𝑆-parameters, and Spectre uses the TSMC N28 model

Table 1: Correlation between circuit-level 3-dB bandwidth and
passive ranking proxies over 1,000 EM-evaluated designs.

Ranking proxy Pearson Spearman

𝑒pass −0.401 −0.455
𝑒pass − 𝑧 (𝑞score) −0.532 −0.550
𝑒pass − 𝑧 (𝑞score) − 𝑧 (log10 SRF) −0.595 −0.581

5 0 5 10
Hybrid score

20

40

60

80

Ba
nd

wi
dt

h 3
dB

 (G
Hz

) Pearson = -0.595
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Figure 6: Circuit-level 3-dB bandwidth versus the hybrid score
over 1,000 randomly collected EM-evaluated designs.

deck for circuit evaluation. Process rules constrain metal widths to
2–12 𝜇m and require a minimum spacing of 1 𝜇m. The dataset con-
tains 10,155 tapped octagonal spiral inductors with paired geometry
sequences and EM responses, using a 95%/5% training/validation
split. All circuit benchmarks use independently constructed ideal
target responses that are not drawn from either split.

The generator uses six decoder layers, 𝑑model = 256, eight heads,
dropout 0.15, and block size 256. AdamW training uses 50 epochs and
a learning rate of 2.5× 10−4; inference uses top-𝑝 = 0.8 and tempera-
ture 0.85. We compare against four baselines: conditional generative
adversarial network (cGAN)-based inverse generation [7, 27], condi-
tional invertible neural network (cINN)-based inverse modeling [23],
covariance matrix adaptation evolution strategy (CMA-ES) search
with a learned surrogate [22], and deterministic direct inverse regres-
sion [13, 21]. All methods use the same condition, output sequence,
legality rules, EM extraction, passive ranking, and circuit selection.
The fixed budget is 10 unique samples, 8 legality-first EM candi-
dates, and 6 post-EM circuit finalists; Direct emits one deterministic
candidate. If fewer than eight candidates survive filtering/repair, all
survivors are evaluated; if none survive, the run is reported as a
failure.

We evaluate three cases each for the differential T-coil-peaked
driver and oscillator tank in Figure 7. Table 2 lists the case-specific
parasitic capacitance 𝐶𝑝 and no-inductor reference 3-dB bandwidth
BW3dB for the driver cases, as well as tank capacitance𝐶𝑡 and target
oscillation frequency 𝑓osc for the oscillator cases. Conditioning fol-
lows the circuit objective. For the T-coil-peaked driver, conditioning
uses a grid from 5 to 100 GHz in 5 GHz increments and the highest
ordinal𝑄 and SRF preference levels, with 𝛼 = 𝛽 = 1 in hybrid passive
ranking. For the oscillator tank, conditioning uses target-centered
frequencies spaced 1 GHz apart within ±2 GHz of each case’s target
𝑓osc, the highest ordinal 𝑄 preference, and an SRF level determined
relative to the target 𝑓osc of each case.

For the driver in Figure 7(a), finalists are evaluated using Spectre
alternating-current (AC) analysis, fromwhich the differential voltage
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Figure 7: Circuit contexts: (a) T-coil-peaked driver and (b)
oscillator tank.

Table 2: Benchmark setups for the T-coil-peaked driver and
oscillator tank.

T-coil-peaked driver Oscillator tank
Case 𝐶𝑝 (fF) Ref. BW3dB (GHz) Case 𝐶𝑡 (fF) Target 𝑓osc (GHz)
1 58 28.45 1 83.10 28
2 88 25.51 2 65.48 39
3 158 20.56 3 36.68 60

gain is 𝐺diff (𝑓 ) = 20 log10
�� (𝑉OUT,P −𝑉OUT,N

)
/
(
𝑉IN,P −𝑉IN,N

) ��. The 3-
dB bandwidth is the first frequency at which𝐺diff (𝑓 ) falls 3 dB below
its low-frequency value; the corresponding threshold is approxi-
mately −5.29 dB. Bandwidth extension is the achieved bandwidth
normalized by the corresponding no-inductor reference value in
Table 2. For the oscillator tank in Figure 7(b), finalists are evaluated
using Spectre periodic steady-state (PSS) and periodic noise (PNoise)
analyses. The 10-MHz-offset figure of merit is reported as FOM10M =

−L10M + 20 log10 [𝑓osc/(10MHz)] − 10 log10 [𝑃DC/(1mW)], where
L10M is the 10-MHz-offset phase noise and 𝑃DC is the DC power
drawn from the 0.5 V supply.

4.2 T-Coil-Peaked Driver Results
Table 3 reports mean ± standard deviation over five independent
sampling seeds for every stochastic method, and boldface marks the
best stochastic mean. The first three metrics characterize layout re-
alizability and post-EM passive fidelity. Legal counts raw candidates
that need no repair; these are retained first in the EM shortlist of at
most eight candidates, with remaining slots filled by ILP-repaired
candidates counted as Repair. Cond. RMSE is the minimum post-EM
normalized condition-space root-mean-square error (RMSE) among
the EM-evaluated shortlist, which covers the frequency-resolved
[𝐿𝑆 , 𝐿𝑃 , 𝑘,𝑄 lv] and the global SRFlv, with the ordinal preference
terms penalized only when the realized levels fall below their re-
quested preferences. This is the most direct task-aligned error be-
cause it compares the realized passive response against the same
target-side features that define the condition. The final two columns
measure circuit-level bandwidth.

Our method produces the most directly legal layouts in every
case, and when repair is needed, the mean edit

∑
𝑖 ( |Δℓ𝑖 | + |Δ𝑤𝑖 |) is

only 1.00–1.50 𝜇m for our method, versus up to 11.25 𝜇m for the
baselines. The corresponding repair step requires less than 0.1 s,
which is negligible. More directly legal candidates indicate better
geometric alignment, allowing more samples to preserve the gen-
erator’s original intent. Our method also achieves the lowest mean

Table 3: Results for the T-coil-peaked driver over five seeds.

Case Method Legal Repair Cond. RMSE BW3dB (GHz) BW ext.

1

Ours 6.60±1.34 1.40±1.34 1.050±0.070 82.53±1.09 2.90±0.04×
cGAN 0.80±1.79 7.20±1.79 1.219±0.032 53.44±4.11 1.88±0.15×
cINN 0.80±0.84 7.20±0.84 1.110±0.037 55.37±11.76 1.95±0.41×
Search 0.80±1.10 7.20±1.10 1.213±0.105 49.46±17.85 1.74±0.63×
Direct 1 0 1.526 38.24 1.34×

2

Ours 3.60±0.55 4.40±0.55 1.051±0.021 73.03±5.35 2.86±0.21×
cGAN 2.40±3.36 5.60±3.36 1.309±0.185 60.73±20.98 2.38±0.82×
cINN 0.80±0.45 7.20±0.45 1.097±0.072 55.38±4.18 2.17±0.16×
Search 0.00±0.00 8.00±0.00 1.274±0.109 48.95±16.06 1.92±0.63×
Direct 0 1 1.143 33.34 1.31×

3

Ours 6.40±0.89 1.60±0.89 0.993±0.033 60.66±3.46 2.95±0.17×
cGAN 0.00±0.00 8.00±0.00 1.177±0.010 45.21±0.26 2.20±0.01×
cINN 2.00±0.00 6.00±0.00 1.145±0.046 47.14±1.79 2.29±0.09×
Search 0.20±0.45 7.60±0.55 1.100±0.023 53.42±4.44 2.60±0.22×
Direct 1 0 1.513 29.01 1.41×

* Direct is deterministic and emits one candidate; Repair is not bolded because it is
reported for interpretation only and has no universal better-or-worse direction.
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Figure 8: Gain curves for the T-coil-peaked driver.

condition-space RMSE, indicating the highest post-EM fidelity to
the requested electrical conditions.

Our method achieves the highest mean bandwidth in all three
cases, reaching 82.53, 73.03, and 60.66 GHz for Cases 1–3; the cor-
responding improvements over the strongest baseline in each case
are 49.1%, 20.3%, and 13.6%. The same advantage persists after nor-
malization to the no-inductor reference, with bandwidth extension
ratios of 2.90×, 2.86×, and 2.95×.

The gain curves in Figure 8 provide a complementary view of the
same trend. For each method and case, the plotted curve corresponds
to the seed with median BW3dB across repeated experiments, and
the gray dashed line denotes the 3-dB-down threshold. Our method
consistently pushes the gain roll-off furthest to the right, support-
ing wider bandwidth for the T-coil-peaked drivers. Some baselines
remain competitive over limited frequency ranges, but their earlier
high-frequency roll-offs result in lower bandwidth.

4.3 Oscillator Tank Results
With our method’s layout realizability and passive fidelity estab-
lished in Section 4.2, this section reports only the key circuit-level
metrics. Table 4 reports mean ± standard deviation over five indepen-
dent sampling seeds for each stochastic method. The 𝑓osc column re-
ports the obtained oscillation frequency, which should be as close as
possible to the corresponding targets in Table 2, while the relative fre-
quency error is computed per seed as 𝑒𝑓 = |𝑓osc− 𝑓target |/𝑓target×100%.
Our method achieves the lowest mean frequency errors of 4.61%,
2.69%, and 1.84%, while also attaining the highest mean FOM values
of 194.25, 197.22, and 195.53 in Cases 1–3, respectively.
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Table 4: Circuit-level oscillator tank results over five seeds.

Case Method 𝑓osc (GHz) 𝑒𝑓 (%) FOM10M

1

Ours 29.16±1.38 4.61±4.42 194.25±1.28
cGAN 30.94±1.26 10.49±4.49 193.97±1.11
cINN 31.21±1.52 11.48±5.44 193.74±0.96
Search 32.74±2.14 16.92±7.65 193.53±0.12
Direct 33.08 18.16 192.51

2

Ours 37.95±0.56 2.69±1.43 197.22±3.42
cGAN 37.61±0.39 3.57±1.00 193.65±0.26
cINN 40.12±1.26 3.49±2.33 196.26±1.76
Search 40.69±2.90 6.70±4.78 195.81±1.71
Direct 40.29 3.32 194.16

3

Ours 58.89±0.78 1.84±1.29 195.53±0.37
cGAN 49.97±0.45 16.72±0.75 193.07±0.25
cINN 58.26±0.38 2.90±0.63 194.36±1.04
Search 63.48±3.58 6.18±5.47 194.18±1.03
Direct 49.72 17.13 192.60

* Direct is deterministic and emits one candidate.

Across all experimental cases, the end-to-end runtimes of all
methods are approximately 5–5.5 min, with EM and circuit-level
simulations accounting for about 98% of the total. Thus, our method
improves candidate quality at essentially fixed cost. Overall, the
proposed method is effective not only for broadband impedance
shaping in T-coil-peaked drivers but also for prescribed-frequency
resonance placement in oscillator tanks, achieving the best mean
performance in every evaluated case.

5 Conclusion
This paper presents a unified response-to-layout framework inte-
grating topology-aware sequences, frequency-resolved conditioning,
autoregressive generation, and simulation-based verification. Adapt-
ing the framework to a new process requires process-specific EM
data and design rules, while the sequence and conditioning interfaces
and verification flow remain unchanged. Untapped hexagonal or
rectangular inductors would further simplify training and inference
because their representations use a smaller direction vocabulary,
eliminate tap semantics, and require simpler legality constraints.
Beyond spiral inductors, the formulation can support a wider range
of RF passive and circuit-aware inverse-design tasks.
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