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EXECUTIVE SUMMARY

The Al Accelerator Module Voltage Regulation and Transient Response Report
serves as the definitive technical authority on power integrity for
next-generation Al acceleration hardware deployed in carrier-grade telecom
and edge computing environments. As Al workloads migrate from centralized
hyperscale datacenters to the network edge, the demand for robust,
low-latency, high-current power delivery systems has never been greater. This
document provides a comprehensive analysis of voltage regulation
methodologies, transient response characteristics, and power delivery network
(PDN) architectures specifically engineered for Al accelerator modules

operating under extreme computational load conditions.

The Al Accelerator Module Voltage Regulation and Transient Response Report
addresses the critical challenge of maintaining stable core voltages during rapid
current swings inherent to deep learning inference and training workloads.
Modern Al accelerators can transition from idle states to full computational
load in microseconds, demanding power delivery systems capable of
responding to di/dt events exceeding 1000 A/ups. This report details the

multi-phase voltage regulator module (VRM) topologies, adaptive voltage



positioning (AVP) algorithms, and decoupling network designs that ensure

operational stability across all load conditions.

Key topics covered in this report include: multi-phase buck converter
architectures with phase shedding capabilities, transient response optimization
through adaptive control loops, PDN impedance profiling, decoupling capacitor
selection and placement strategies, thermal management of power stages, and
compliance with industry standards including OCP Accelerator Module (OAM)
specifications and PCle CEM requirements. The document is intended for
systems engineers, hardware architects, power integrity specialists, and

technical procurement teams evaluating Al acceleration platforms for telecom

infrastructure deployments.

ARCHITECTURE & CHASSIS DESIGN



The Al Accelerator Module Voltage Regulation and Transient Response Report
is structured around a modular, scalable power delivery architecture that
accommodates the evolving requirements of Al acceleration hardware. The core
architecture comprises a multi-phase voltage regulator controller, intelligent
power stage modules, and a hierarchical decoupling network that spans from

the bulk input capacitors to the on-die capacitance of the Al accelerator ASIC.

The voltage regulation subsystem employs a digital multi-phase PWM
controller capable of managing up to 16 phases, with dynamic phase shedding
to optimize efficiency across the load spectrum. Each power stage integrates
high-frequency GaN (gallium nitride) or SiC (silicon carbide) MOSFETs, gate
drivers, and current sense circuitry in a compact, thermally enhanced package.
The controller communicates with the system management bus (SMBus) or
PMBus interface, enabling real-time telemetry on voltage, current, temperature,

and fault status.

The chassis design of the Al Accelerator Module prioritizes thermal dissipation
and mechanical robustness. The power delivery network occupies a dedicated
section of the module PCB, with careful attention to copper weight, via stitching,
and plane capacitance to minimize parasitic inductance. The module form

factor complies with OAM v2.0 specifications, featuring a mezzanine connector



that carries both high-current power rails and high-speed differential signals.
Thermal management is achieved through a combination of vapor chamber
heat spreaders, high-performance thermal interface materials (TIM), and
directed airflow channels that ensure consistent junction temperatures under

sustained load.

The transient response architecture incorporates adaptive voltage positioning
(AVP) with programmable load-line slope, enabling the output voltage to droop
proportionally with load current, thereby reducing the magnitude of transient
excursions. The control loop bandwidth exceeds 500 kHz, with phase margin
greater than 45 degrees across all operating conditions. A proprietary
non-linear transient response accelerator detects load steps and injects
additional phases within 100 ns, minimizing voltage undershoot and overshoot

during high-slew-rate events.

HARDWARE FEATURES

The Al Accelerator Module Voltage Regulation and Transient Response Report

documents the following hardware features that define the platform's power

integrity capabilities:

Multi-Phase Voltage Regulation: Support for 4 to 16 phases with automatic



phase shedding and interleaving, delivering up to 1000 A of continuous output

current with peak currents exceeding 1500 A for short-duration transients.

Adaptive Voltage Positioning: Programmable load-line calibration with dynamic
voltage adjustment based on real-time current telemetry, reducing transient
voltage excursions by up to 40% compared to conventional fixed-voltage

regulation.

High-Speed Transient Detection: Dedicated analog comparator network with
less than 50 ns detection latency for load step events, triggering immediate

phase activation and adaptive gain control.

Advanced Decoupling Network: Multi-tier decoupling strategy incorporating
bulk polymer capacitors, ceramic mid-frequency capacitors, and on-package

high-frequency capacitors with controlled ESR and ESL characteristics.

Digital Telemetry and Diagnostics: PMBus 1.3 compliant interface providing
real-time monitoring of input/output voltage, current, power, temperature, and

fault logs, with black-box recording for post-event analysis.

Fault Protection and Redundancy: Over-voltage protection (OVP),

under-voltage protection (UVP), over-current protection (OCP), and thermal



shutdown with programmable thresholds and hysteresis, plus optional

redundant VRM configuration for high-availability applications.

Thermal Management: Integrated temperature sensors at critical power stage

locations, with closed-loop fan control and thermal throttling signals to the Al

accelerator for coordinated performance management.

COMPLIANCE & STANDARDS

The Al Accelerator Module Voltage Regulation and Transient Response Report

confirms compliance with the following industry standards and specifications:

OCP Accelerator Module (OAM) v2.0: Mechanical, electrical, and thermal

requirements for Al accelerator modules in datacenter and edge environments.

PCle CEM 5.0/6.0: Power delivery and signal integrity requirements for PCl

Express add-in cards.

PMBus 1.3: Power management bus communication protocol for digital voltage

regulators.

IEC 62368-1: Safety requirements for audio/video, information, and



communication technology equipment.

EN 55032 / CISPR 32: Electromagnetic compatibility (EMC) emissions

requirements for multimedia equipment.

EN 55035 / CISPR 35: EMC immunity requirements for multimedia equipment.

RoHS 2011/65/EU: Restriction of hazardous substances in electrical and

electronic equipment.

REACH EC 1907/2006: Registration, evaluation, authorization, and restriction of

chemicals.

TECHNICAL SPECIFICATIONS

The following table summarizes the key technical specifications of the Al

Accelerator Module Voltage Regulation and Transient Response Report

platform.
Parameter Specification
Form Factor OAM v2.0 Mezzanine Module, 102mm

X 165mm




Input Voltage Range

10.8 V to 13.2 V nominal (12 V typical)

Output Voltage Range

0.5 V to 1.2 V programmable, 0.85 V

typical for Al ASIC core

Maximum Continuous Output Current

1000 A (16-phase configuration)

Peak Output Current (100 ps) 1500 A
Voltage Regulation Accuracy + 05% over line, load, and
temperature

Transient Response

< 25 mV deviation for 500 A/ps load

step, recovery < 10 ps

Switching Frequency

400 kHz to 1.2 MHz per phase,

programmable

Control Loop Bandwidth

> 500 kHz, phase margin > 45 degrees

Phase Configuration

4 to 16 phases, automatic phase

shedding

Power Stage Technology

GaN or SiC MOSFETs with integrated

drivers

Decoupling Network

Bulk polymer + ceramic + on-package

capacitors, < 100 p Q target

impedance up to 1 MHz

Telemetry Interface

PMBus 1.3, SMBus, 12C

Protection Features

OVP. UVP. OCP, OTP short-circuit

protection




Operating Temperature Range

-40°C to +85°C (industrial), -5°C to

+55°C (standard)

Cooling Vapor chamber + directed airflow,
liquid cooling compatible

Compliance OAM v2.0, PCle CEM 5.0/6.0, PMBus
1.3, IEC 62368-1, EN 55032/55035,
RoHS, REACH

MTBF > 500,000 hours at 40 ° C ambient,

Telcordia SR-332

Power Efficiency

> 92% at 50% load, > 89% at full load

Dimensions (VRM Module)

65mm x 45mm x 12mm (typical power

stage module)

ORDERING OPTIONS

The Al Accelerator Module Voltage Regulation and Transient Response Report

platform is available in the following configurations to meet diverse

deployment requirements:

Standard Configuration: 8-phase VRM with 600 A continuous output, AVP

enabled, PMBus telemetry, OAM v2.0 form factor. Suitable for mainstream Al




inference applications at the network edge.

High-Current Configuration: 16-phase VRM with 1000 A continuous output,
enhanced decoupling network, advanced transient response accelerator, OAM
v2.0 form factor. Designed for high-performance Al training and heavy

inference workloads.

Redundant Configuration: Dual VRM modules with active current sharing and
automatic failover, 1200 A combined output, hot-swappable power stage
modules, enhanced telemetry and diagnostics. ldeal for -carrier-grade

high-availability deployments.

Ruggedized Configuration: Extended temperature range (-40°C to +85°C),
conformal coating, shock and vibration hardening, 8-phase VRM with 600 A

output. Engineered for extreme environment telecom installations.

Evaluation Kit: Development platform with configurable VRM parameters, PDN
impedance measurement fixtures, transient load generator, and comprehensive

software GUI for power integrity analysis.






