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MIMO Applications
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MIMO Architectures IECCE:
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AC-Coupled MIMO: Previous Work ECCE:
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JLarge number of ports with single magnetic core

(1 Cover wide voltage & current range
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LEGO-MIMO Concept ECCE
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L | near LEGO Power Brick (Active-Bridge) LEGO-MIMO Converter
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 Identical active-bridge unit: LEGO toy bricks
1 Series/parallel connecting for wide voltage/current range

PRINCETON 1 Modular design, reconfiguration -

W UNIVERSITY




Power Rating of LEGO Bricks IECCE
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Group Operated Control ECCE:S
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L | near LEGO Power Brick (Active-Bridge) Group Control Strategy
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(1 LEGO bricks in the same group (port): same gate driver

 Plug-and-play, simpler controller, fewer sensors
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Reduced Order Control Model E‘}CE
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Control Methods
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LEGO-MIMO Design Example Eﬂﬂli
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Multi-Winding Transformer Design ECCE:
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Non-interleaved Interleaved * Thermal measurement: HV input, LV output
MMF, =0 , . .

oo S _ MALE * P=80W, T,=20°C, no air-cooling
3| o | ol o | [ | LV8—0o | o LVl [ e | [ | LV5_o |
el T e Lvae e B8 EEive S
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v v
MMFU["’*C* 321, MMF, =0 Non-interleaved gpp Interleaved
T T
PCB copper current density Magnetic field strength and core flux density

Non-interleaved Interleaved ..~ Non-interleaved Interleaved

* HV windings as primary side, LV windings as secondary side
* Current excitation: |, = 4A, |, = 16A * LowerBandH
* Smaller ac resistance (56% of non-interleaved
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Port Configuration
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1A sA In 0 274 56A  Jou
Input operation range  Output operation range
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* System maximum power: 500W * Experiment Setup
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Power Distribution IECEE:
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Input Output Measured power of the 9V, 18V and 36V ports with same @
HV Group LV Group 1 Non-interleaved Interleaved
TR — — — — ¢ 250 ‘ - | 250 | | ‘
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Interleaved structure: Phase-Shift (°) Phase-Shift, (°)
 Balanced power distribution ~
P * Pyy# Py Py, = Pigy,
e Able to be linearly extended * PoytPigy# Py * Pyt Pigy= Py
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Efficiency with Different Winding Structures ECCE

Input Output Winding currents in the HV bricks, P, = 300W
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95 %
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85 %
* Lower current peak
80 % ®Interleaved
=Non-interleaved
* Higher efficiency %
70 % ! '
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Efficiency with Different Port Structures ECCE:
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.r'mwm mm..m.w*w «\MWW\A
NAVAAAAAAY o MAAAAAAA . 96.7% @ 288V - 9V /300W
...;'mm.. ™™ | NgVg _
\,M\W\m\ﬂ _;/-_ W W W M\/\/\/\/«\A * Voltage slightly unbalanced among

series bricks

Winding currents in the LV bricks with interleaved structure, P,=300W ¢ Tradeoff: cost vs. efficiency
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Thermal Measurement IECEE:
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* LV Group 1: 9V-18V-36V output
« P=500W, T,=23°C
e Airflow =21.9 CFM

1 Hottest components: HV inductors and LV DrMOS
1 Natural distribution of heat
(1 No heatsink
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Design Guideline
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For equal power distribution

* Interleaving the input bricks (windings)

and output bricks (windings)

* Using bricks with similar linkage

inductance L; for the same port
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Summary ECCE:
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LEGO-MIMO: Linear Extendable Group Operated Multi-Input Multi-Output

Applicable to wide operation range multiport dc-dc applications
— Battery balancer, energy router, PV MPPT

Design example: 500W 12-Brick MIMO dc-dc converter

Wide operation range: 72V/8A-288V/2A input, 9V/56A-72V/7A output
Multi-winding single-core transformer design
96.7% peak efficiency @ 288V-9V/250W
Natural heat distribution
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Control Model for Multi-Active-Bridge

v Ly Ni:1
41 . .
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* N-Brick multi-active-bridge converter

Average power of Brick j: P

Small signal modellt2l:
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* G;and Gy: n x n transfer matrix

* For independent P/V regulation
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Prototype Parameters
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Specifications & Symbol Description

HV Bus Voltage Vg 2V

HV Winding Turns Ny 8

HV Branch Inductor L g Coilcraft XEL6060 — 2.7uH
HV Blocking Capacitor C'yy  200uF

HV Switch GS61004B 100V

LV BUS Voltage V7, oV

LV Winding Turns Ny, 1

LV Branch Inductor L, Coilcraft SLC7530S — 64nH
LV Blocking Capacitor C'p, 440uF

LV DrMOS SIC632 24V

Switching Frequency fs 200kHz

Transformer Core

0P4413UC, py = 2500

* System maximum
power: 500W
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