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Introduction

An engineer evaluating power integrity must decide, at each stage of a chip program, how deeply to model the power
delivery network — a choice that trades fidelity against time and data. Early architectural estimates can be made quickly from
a power budget; full-stack, extraction-grade analysis is the step that exposes the dynamic voltage-droop and resonance risks

that ultimately determine whether a design closes timing before tapeout.

Conventional static IR-drop signoff, run late in the flow, reports the steady resistive drop but cannot see the transient
behaviour that dominates Al silicon: the L-di/dt droop of fast-switching compute, the resonance between package and die,
and the way droops at the board, package, and on-die grid accumulate when they are modelled together rather than in

isolation.

This guide describes the methodology behind the Chip PDNLab™ Model & Droop Report — what full-stack dynamic droop
analysis is, the spectrum of analysis choices available, how PDNLab™ captures it as a cumulative voltage-droop visualisation,
the scope levels and fidelity tiers of a study, and the deliverables you receive. It is written to help you decide what analysis

your design needs, and when.
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The Need for Dynamic Droop Analysis

The complexity of modern Al silicon has made dynamic power integrity a first-order constraint. A high-end accelerator can
draw well over a thousand amperes at a core voltage below one volt, and can swing hundreds of amperes in a nanosecond
when a large compute engine fires. That high rate of current change, di/dt, develops a transient voltage across the

inductance of the power delivery network — a droop that static, resistance-only IR analysis does not model.

A single switching event does not produce a single dip. The supply rings: a fast first droop on the die, a deeper second
droop as package inductance and on-die capacitance exchange energy, and a slow third droop governed by the board and
regulator (Figure 1). The lowest point reached across all of them — the true V,,j, — is what the timing of the design must
tolerate.
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Figure 1: A voltage-droop transient following a current step. The supply does
not simply settle — it overshoots and rings, and the deepest excursion (V)

often occurs on the second droop. Source: Anasim.

The danger is compounded by resonance: when a workload's switching activity aligns with a natural frequency of the
network, the droop is amplified rather than damped. Because these effects live in the coupling between layers, they appear
only when board, package, and die are analysed together, in the time domain.
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The Spectrum of Pl Analysis

No single analysis answers every power-integrity question; the available methods form a spectrum that trades the range of
physical effects captured against the scope of the model and the effort to build and run it (Figure 2). Knowing where each
method sits is the first step in scoping a study.
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Figure 2: The spectrum of power-integrity analysis. Fidelity — the range of
physical effects captured — rises with the scope and effort of the study; full-
stack cumulative-droop analysis occupies the high-fidelity, full-scope regime.

Source: Anasim.

Static IR drop

Static IR-drop analysis computes the steady voltage lost to the resistance of the grid under an average current — one number
per node, by Ohm's law. It is fast and a useful floor, but it is time-invariant: it cannot represent the inductive, time-dependent
droop that dominates when current changes quickly, and it is typically run late, once the grid is already built.
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The Spectrum of Pl Analysis (continued)

Functional-block & full-chip dynamic

Dynamic analysis adds time. A functional-block dynamic study resolves the transient droop within a single block — a core, a
memory controller, an accelerator tile — using that block’s own current waveform; it is the right tool for a focused question
about one engine. A full-chip dynamic study extends the same transient analysis across the entire die, capturing how blocks

interact and how their switching overlaps, at the cost of a larger model.

Full-stack cumulative voltage droop

The full-stack approach goes further, modelling the board, package, and on-die grid as one coupled, continuous system
rather than three problems solved separately. This is what PDNLab™ does — and only at this level do the effects that live in
the coupling between layers appear: cumulative voltage droop, package—chip resonance, and the constructive interference
of switching events. It is the regime in which the Chip PDNLab™ Model & Droop Report operates, and the remainder of this

guide describes it.
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PDNLab and the Cumulative Voltage Droop Visualization

PDNLab™ models the board, package, and on-die grid as one coupled, continuous system and solves for the voltage waves
that travel across it. Rather than a single worst-case number, it produces a Cumulative Voltage Droop Visualization — a
spatiotemporal field of the local supply voltage at every point on the die, at every instant of the workload, with the droops

from each layer accumulated through the network rather than treated in isolation.

The clearest way to see why coupling matters is in the frequency domain. The power delivery network is a ladder of
inductances and capacitances whose impedance varies sharply with frequency, with anti-resonant peaks contributed by the
die, the package, and the board (Figure 3). When a workload's switching energy lands on one of those peaks, the droop is
amplified; PDNLab™ locates the peaks and tells you whether your activity excites them.
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Figure 3: Power-delivery impedance versus frequency. Anti-resonant peaks
from the board, package, and die correspond to the third, second, and first
droops; a workload that excites a peak above the target impedance produces
an amplified droop. Source: Anasim.

In the time domain, the same coupling produces cumulative droop — board, package, and die droops adding through the
network rather than in isolation — and occasional ‘rogue’ events where independent switching aligns to produce a droop far

deeper than any single block would suggest.
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Scope Levels of a Droop Study

Independently of fidelity, a study is scoped to a physical extent — how much of the power delivery network is modelled
(Figure 4). The three levels differ in what they can answer and what data they require.
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Figure 4: The power delivery path, from the board through the package to the
on-die grid. A study can be scoped to the die alone, the full die, or the complete
board-package-die stack. Source: Anasim.

Functional block

A functional-block study models the power delivery to a single block and its local grid. It answers focused questions — is this

accelerator tile's local droop within budget? — quickly and with modest data, and suits early block-level design and what-if
iteration.
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Scope Levels of a Droop Study (coniinued)

Full-chip
A full-chip study models the entire on-die power grid and all blocks together, capturing the interaction and simultaneous
switching that a single-block study cannot. It is the level at which die-wide V,;;, and the worst-case combination of active

blocks become meaningful.

Chip, package & board
A full-stack study adds the package and board to the die, closing the loop from the voltage regulator to the transistor. It is the
only scope that captures package-chip resonance and cumulative droop, and it is the scope required for pre-signoff

confidence in a design’s true V,,;,. PDNLab™ is built to make this full-stack analysis tractable rather than prohibitively slow.
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Where It Fits in Your Design Flow

Fidelity and scope are choices about the model; the third choice is timing — where in your flow the study runs, governed by

the data available at that point. The same model deepens through three tiers as the design matures (Figure 5).

YOUR DESIGN TIMELINE

Architecture RTL & Physical Sign-off
& floorplan activity design & silicon
° ° ° °
TIER 1 TIER 2 TIER 3
Estimative Activity-cal. Extraction

Figure 5: The three fidelity tiers mapped onto the design timeline. You do not
choose a tier by preference — you are already at one of these stages, and the
tier reflects the data that exists there. Source: Anasim.

TIER 1 - ESTIMATIVE — at the architecture and floorplan stage, current profiles are derived from your power budget and
block areas (the method behind our public NVIDIA® H100 analysis); no layout is required. It gives a directional, comparative
picture to shape the floorplan, package class, and decoupling budget.

TIER 2 - ACTIVITY-CALIBRATED — as RTL matures, estimated current is replaced with measured switching activity (VCD,

FSDB, SAIF) or per-block waveforms, so the droop reflects the true temporal signature of your workloads while the grid can still
be sized.

TIER 3 - EXTRACTION-GRADE — post-layout, the model is built on the extracted PDN, real package and board models, the
bump map, and decoupling inventory, correlated to silicon where available, for pre-signoff confidence.
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What the Droop Report Delivers

Whatever the scope and tier, the engagement delivers a written report and a live readout built around a single artifact: the

Cumulative Voltage Droop Visualization — a time-resolved map of supply voltage across the die (Figure 6).
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Figure 6: A spatial snapshot of on-die voltage droop at peak current demand.
The report delivers this as a time-resolved map across the full die, locating
exactly where and when the supply collapses. Source: Anasim.

From the model you receive 4D droop maps for each agreed workload, peak-droop tables by region with a ranked list of
timing-risk hotspots, a Vi, and margin analysis giving the lowest safe supply voltage, resonance and interference
findings, and a prioritized set of recommendations spanning decoupling, grid sizing, floorplan, and workload sequencing.
The calibrated model remains available for follow-on what-if rounds.
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Data Requirements

What we need from you depends on the tier; in every case the goal is a defensible current profile — the time-varying
demand the grid must support — and a representation of the network that carries it (Figure 7).

Inputs Calibrated Transient Droop
& data PDNLab™ model droop simulation report

Figure 7: The model-build pipeline. Inputs are turned into a calibrated PDNLab™
model, simulated in the time domain, and reported as a droop map and analysis.
Source: Anasim.

At the estimative tier we derive current profiles from your power budget and block areas, requiring no layout. The activity-
calibrated tier replaces these with measured switching activity (VCD, FSDB, SAIF) or per-block current waveforms. The
extraction-grade tier adds the extracted PDN (R/L/C), package and board models, the bump/C4 map, and the decoupling
inventory, with any silicon data used for correlation.

We work under NDA, on-premises or over SSH. You do not have to share GDS to obtain value from the estimative and

activity-calibrated tiers — a deliberate choice that lets an engagement begin early, when it is most useful.
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Choosing the Right Scope and Tier

The right study is the one that matches your stage and your question. The table below maps common situations to a

recommended scope and tier; most programs progress down it as the design matures.

IF YOU ARE.. AND NEED TO KNOW.. SCOPE TIER
Defining an architecture or whether power delivery will be a problem, and which Full-stack 1
floorplan choices are risky (estimative)

Maturing RTL with activity your droop under real workloads, and whether resonance is Full-chip / full-stack 2
vectors excited

Post-layout, approaching your true Vi, and residual hotspots before tapeout Full-stack 3
signoff (extraction)

Debugging measured silicon why the part behaves as it does, correlated to a model Full-stack 3

(extraction)

Investigating one block whether a single engine's local droop is in budget Functional block 1-2

When in doubt, a one-week Scoping Sprint runs an estimative quick-look that confirms feasibility and fixes the scope before
any larger commitment — the lowest-risk way to begin.
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Engaging with Anasim

Anasim's work in power integrity spans two definitive textbooks — Power Integrity Analysis and Management for Integrated
Circuits and Power Integrity for Nanoscale Integrated Systems — and decades of microprocessor power-delivery, 10, and
packaging research, including more than forty patents. PDNLab™ is the direct product of that lineage.

The Chip PDNLab™ Model & Droop Report is offered as a fixed-scope engagement, typically three to six weeks, priced by tier
and number of workload scenarios. It begins with a one-week Scoping Sprint, can be deepened across tiers as your data
matures, and is available on retainer for ongoing what-if analysis.

To scope an engagement, contact Anasim at contact@anasim.com. We will review your design stage and the
question you need answered, and propose a scope, tier, and timeline — under NDA, with no GDS required to begin.
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