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 Power rating: > 450 W

« Power density: > 630 W/in3
« System efficiency: > 99%

« Hot-swapping capability

Stacked-PCB Planar Magnetics
» 10x magnetics core area reduction

Modular Voltage Sampling &
Bootstrap Gate Drive Circuits
* Modular & Scalable
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https://www.youtube.com/watch?v=EIbYMvVjsWg

Data Center Energy Consumption ECCE:
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Data Center Industry Airline Industry

el

Go gle amazon PR oracie:

= Consuming 90 billion kilowatt-hours per year in the U.S.!]
= Contributing 2% of the U.S. total electricity consumption (3% in worldwide)
* Comparable CO, emission as the entire airline industry
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Power Delivery Architecture in Data Center IECCE:S

» Conventional Power Delivery Architecture!?
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Grid Building Rack

Additional Energy for Cooling

Google TPU (300W)
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» Target for Advanced Power Architecture:
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Low grid to load efficiency:

%

40%
= 60% -~ HEAT

Emerging Al Applications

=>» Higher current
=>» Higher distribution losses

= Deliver power with less conversion stages

= Improve conversion efficiency at each stage
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Large-Scale Modular Loads on Rack IECCE:S
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Fig. 3: Examples of Large-Scale Modular Loads in Contemporary Data Center
= |large-scale identical modules for intensive computing/storage applications
= Perform identical task with similar power consumption
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Differential Power Processing for HDD Array
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» Conventional Voltage Step Down Architecture
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= All load power flows through the step-down converter.
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Differential Power Processing for HDD Array
» Series-Stacked Power Architecture

ECCE
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DPP Converter Topology IECCE:
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= Ladder DPP!3! = Switched Capacitor DPP!4l = Dc-Coupled DPP/>]
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Fig. 5: Three Existing DPP Topologies

b

= Ladder DPP & Switched Capacitor DPP: DPP only between two neighboring ports

= Dc-Coupled DPP: Multiple magnetics; Two dc-ac-dc conversion stages
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Multiport Ac-Coupled (MAC) DPP Converter <€ € <
» MAC-DPP Compared with Dc-Coupled DPP

DC Bus DC Bus
DC AC C AC DC
g — : _ED AIE Advantages
Load 1] RS % Load 2 RS % % S . .
AC AC DC = Higher power density
: — S E : = Hijgher conversion efficienc
Load 2| | PG :% VS, Load 2| |PC :% { AG 5 Y
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Load n | Loadn]{PS | 1A% | = Closely-coupled power flow
AC AC DC
v t Q = Modeling and control
MAC-DPP Dc-Coupled DPP
Number of Devices MAC-DPP Dc- Coupled DPP
Dc-ac units Lower cost
Transformers 1 N Higher power density
Dc-ac-dc conversion stages!®! 1 2 50% loss reduction
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Power Flow Modulation €€ E:
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» Multi-port Phase-Shift Modulation
oF} Delta-Model
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Small Sighal Model
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Step 2: Small Signal Current Modeling
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Step 3: Considering the load structure
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Step 4. Obtaining System Transfer Function:

P. Wang, Y. Chen, Y. Elasser and M. Chen, "Small Signal Model for Very-Large-Scale Multi-Active-Bridge Differential
Power Processing (MAB-DPP) Architecture," 2019 20th Workshop on Control and Modeling for Power Electronics

(COMPEL), Toronto, ON, Canada, 2019, pp. 1-8.
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Closed-Loop Voltage Regulation
> Distributed Phase-Shift (DPS) Control [7!
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= System Implementation
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MAC-DPP for Data Storage Server

10-Port MAC-DPP

» 50-HDD Data Storage Server 50V T —
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450W 10-Port MAC-DPP Prototype € E:

IEEE ENERGY CONVERSION CONGRESS & EXPO

» Highly-Modular & Ultra-Compact > Stacked PCB Planar Magnetics

» Magnetic Core

, el (1.8cm x1cm)
.[., 3, . e g &R i \ain Power Board

—t (Thickness: 0.4 mm)

. Bottom Cover
(Thickness: 1.2 mm)

: IEiflzl}aﬂ l

Four Windings Six Windings
" Volume: (1.57 in)? x 0.29in = 0.71in? Two-PCB vertical-stacked magnetics design
" Power Density: - OW — 633W/in3 10x magnetics size reduction 14

1in3



Communication Structure E‘]‘]E
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= Tested full reading/writing of HDDs at different

» Three-Layer Communication Link HDD Array with Backplanes
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ECCE:
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HDD Testbench with DAQ Measurement System
e LabVIEW

Input Power Output Power System Efficiency
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INNOVATION
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Hmn
FIRST PLACE

S w . Tested with Backblaze 50-HDD server
gy R N Power monitoring system with LabVIEW
= = = . TS Tested full reading/writing, hot-swapping
capability of HDDs

HDD server system efficiency: over 99.4%

--- Collaborated with Jing Yuan



Efficiency Measurement ECCE:
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= Port-to-Port Conversion Efficiency = System Conversion Efficiency
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" Achieved 95% peak port-to-port efficiency when delivering 14 W from 5 Ports to 5 Ports
= QOver 99.8% peak system efficiency with 450 W load power
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Hot-Swapping Thermal Image €
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» Worst-Case Hot-Swapping Scenario
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Hot-Swapping Transient Response IECCE:
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Hot-swapping ...
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Fig. 25: Transient response when removing all 5 HDDs Fig. 26: Transient response of 30 W (6 A) step load
from one voltage domain (Port #3) at HDD server. change at Port #3.
= Worst hot-swapping scenario = Extreme case considering inrush current of
= Smooth voltage transient with all other HDDs HDD motors
working normally = Settling time less than 100 us
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= Qvershoot less than 250mV 19



Summary €€ E:
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= Proposed an ultra-efficient highly-compact MAC-DPP _+:

topology for series-stacked modular loads in data centers 'MAC-DPP  [ac . "
. . . ] "I_DC oa
= N times magnetics core area reduction; Single dc-ac-dc
conversion stage |
AC
= Proposed distributed phase-shift control, enabling fully- winding

= Designed a 10-port MAC-DPP prototype I

= 50-HDD storage server with DAQ measurement system

|
\
3
Multi- I DC } Load2
|
\
\
|
\
|
\
|

modular bUI|d|ng block Transformer }

= Power rating: Over 450 W

= Power density: over 630 W/in3
= HDD Server System efficiency: Over 99.4%

= Maintained normal reading/writing operation at worst

hot-swapping scenario
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