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48V Factorized Power
Architecture Slashes Thermal
Losses and Outperforms
Multiphase Approach when
Powering Al

As Al processors demand ever more power at ever lower voltages, conventional power defivery
architectures are reaching their limits. This article explores how a 48 V factorized approach can
reduce losses while delivering high current directly to the processor.

By Don Gerstle, US-Correspondent. Bodo's Power Systems

There are two critical top-level guestions fating generative Al pro
CESSOr POWET System engineers today.

First, when using 800V rack power distribution, to what rack or
compube tray-level intermediate voltage should 800V, be con
werted: 48V, 12V or 6¥7? In which direction or directions will power
system architects choose?

Figure 1: A conceptuwal iNustration of B00VDC distributed to o sidecar
rack, with muitiple 48¥DC feeds to Al senver compute trays. This is one
direction the Al hardware infrostructure industry might go owver the
next few years.

Second, what constibutes the most performant vertical power de
livery (VPD} point-of-load (Pol) final-stage DC-DC converter archi
tecture? This gquestion is under intense technical debate among Al
pOWEr SystEm engineers.

Al processor tray high-veltage and low-voltage power architec-

ture options

With respect to the B0V, to intermediate voltage distributed to

the processor compute, storage, and network trays. there are sev

eral options:

= 300V to 50V [48V nominal) using 16:1 fixed-ratio bus converters

= 800V oo 1225V (12V nominal) using 64:1 fixed-ratio bus converters

= Mote 12V intermediate bus and 12V multiphase VRs are rapidly
pecoming obsolete as suppliers shift to &V seeking higher current
density and improved low-ripple load-step transient response

= 300V to 625V (8V nominall using 128:1 fixed-ratio conmversion
producing a &V intermediate bus

There are also several technical solutions for VPD Pol DC-DC con

verter architectures:

= 4BV direct-to-sulb- 1V using Factorized Power Architecture [FPA™)
with high 48:1 current multiplication or “current gain” and high
=3A/mm? current density

= 6V wo sub-1V (approximately 12:1 regulation ratio) intermediabe

bus feeding “industry-standard™ multiphase TLVR power mod

ules

&V oo 1.8V/2V to sub-1V using a 3:1 regulation ratio converter fol

lowed by a 2:1 regulation rado comverter; this is a potential ar

chitecture for new low-voltage, high-frequency muldphase buck

regulators called IVRs (integrated voltage regulators)

ABY to 2V to sub- 1V utilizing a 24:1 bus converter followed by an

VR array

Working through the high-voltage and low-voltage power archi-

tecture options

There are multiple imterbained technical issues associated with
condnually-evolving Al processors beyond the dramatically-in

creasing power reguirements, including reduced processor core
voltages, tight ramsient-event "AC" wvoltage droop specifications,
increased mumbers of functional power domains operating at
different voltage levels, system-level reliability expectations, and
three-dimensional compute tray-spacing and cooling constraints.
Even with vertical power delivery, rack inter-tray spacing is being
graduslly reduced, packing more processing performance in each
rack (model rraining FLOPS/m? and model inferencing tokens/m3),
constraining VPD power module height and liquid cooling-based
thermal management. Al hardware infrastructure is rapidly becom

img power delivery-limited, eclipsing the ambidous compute perfor
manice goals set by leading industry system developers.

Az the power levels needed by Al processors have surged. hyper

scale Al data centers are migrating o 400V, or 300V, distribu

tion directly to "sidecar” racks adjacent to the compute and scale-up
and scale-out networking racks, where this DC veltage is converted
e 48V, 12V or &V (Figure 1). This frees up space in the compute and
networking cabinets for 19-inch rack units previously set aside for
OfC-DC comversion shehes that had been growing larger as power
demands inexorably increased. The future-looking end-to-end wtil

ity grid-to-Al processor power chain architecture has not yet been
nailed dowmn as power electronics engineers debate which versions
of these new architectures make the most engineering and eco

nomic sense.



A critical challenge is how to efficiently sup
ply adeguate power levels imto the latest Al
processors while complying with the daunt
ing technical cbstacles of electrical, thermal
and mechanical reguirements.

The Vicor 48W-centric Factorized Power Ar
chitecture (FPA™), developed owver 30 years
ago for powering high-current, low-voltage
loads, has been continually inmovated amd
improved to meet ever-increasing current
density needs at the point of load. Power
ing Al processors and wafer-scale Hyper
Processors is perhaps its most potent ex
pression.

Critically, with FPA, Vicor mowves 48V voltage
regulation upstream, o provide tightly-reg
ulated 43V directly to the downstream ver
tical power delivery (VPD) transformer, the
VTM™ curremt muldplier positioned under
the processor. This regulation then transfor
mation arrangement is the functional oppo
site of the conventional multiphase trans
formation then regulgtion approach.

For WVPD, 43V FPA brings high volage, at
loweer currents as close to the processor as
possible, soling the "last inch™ challenge
and gready reducing intermediate bus
thermal losses. Figure 2 shows the “regula
tion then transformation” functional parti
ticning of 4BV FPA. In the simple example
shown, the current gain (or ransformation
K factor) of 48 is used to transform 43V o
a Wpp processor main power domain rail.
The appropriate K factor can be selected
from a range of modules to suit the proces
sor voltage and current specifications.

When comparing 48V FPA versus industry

standard 6% multiphase power architecture
({Figure 3) for a concepual 3KW TOP Al pro

cessor, power losses are cut significancly
using 48V FPA.

A longer-term trend is the migration o wa
fer-scale and panel-scale Al processors built
on glass-core substrates. The panel area
sizes projected by advanced packaging eco
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Figure 3: industry-standard &V muitiphase VPD versus 45V FPA VPD with current muitiplication. 45V FPA reduces in
termediate bus thermal losses from 50W to 780m W when applied to an example KW TDP / 5KA TDC Al processor.
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Figure 2: The Vicor Factorized Power Architecture brings 45V to the point-of-jood current
muiltiplier, which transforms this relotively high voltoge leve! to the sub- 1V high current levels
reguired by contermporary Al processors.

Figure 4: A conceptual late-decade 200 x 200mm panel-scale Al HyperProcessor with @ mix

af GPU and CPU chiplets, along with supporting memory and /D chiplets, as well as high
bandwidth co-packoged optics ((PO) modules. These next-generation panel-scale HyperProces
sors will require vertical power delvery, and 48V to the point-of foad to manage the thermal
energy associoted with the tens of thowsands of amps they will continuously puil.

systemn developers range from 200 x 200mm all the way to 800 x 600mm. Figure 4 shows
a conceptual panel-scale Al processor with 12 GPUs, eight CPUs, and high-bandwidth co
package optics.

This trend towards panel-scale chiplet-based Al processing engines is driven by the relent
less pursuit of higher rack-level compute density. These large panels will support hundreds
of reticle-sized chiplets, blowing past the dozens of reticle-sized chiplets supported by ex
isting CoWo5 and EMIE package types. The power demands projected for these wafer-level
and pamel-level Al processors necessitate vertical power delivery and will greatly benefit
from 48V FPA, using high current density and high current gain, low-profile thermally-agile
power madules. High-per
formance VPD requires
both current density and
current gain. Vicor 4BV
centric Factorized Power
Architecture with current
multiplication reduces
losses and has significant
advantages in that it has
both of these key atri
butes of high current den
sity and high current gain.

Special thanks to Maury
Wood, VP of Strategic
Marketing, Vicor Corpora
ton, for his support and
consultation in writing this
article.
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