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This work presents a family of high-performance hybrid

resonant switched-capacitor (SC) power converters for Cascaded Multi-Resonant Two-Stage . -

Resonant Doubler Cascaded

datacenter power delivery, from 48 V4. to an

intermediate bus voltage (12, 8, 6 or 4 V). This

technology can achieve significantly higher efficiency reasyster
and power density than the current state-of-the-art and ©
has the potential to greatly reduce the power e densiy
distribution loss in future datacenters. by box volume
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Why Hybrid Switched-Capacitor Converters
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Voltage rating [V] Hybrid switched-capacitor converters use both capacitors
%:?“"s/zj’_ l and inductors in the power transfer process. The inductor

+ behaves like a current source and can help recover the
~ charge sharing loss, through soft charging operation.

48-to0-6 V Multi-Resonant-Doubler Converter

This design features the least possible S ©
number of components among all SC —— ’
topologies for a conversion ratio of 8:1.
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Switch ratmg _Vm’ ZV'n’ 8V|n 40 V MOSFET G, (25V 0805 X7S) 25 V MOSFET 50 nH in 1 Parallel switch

Capacitor rating: EVin, Zvin’ gVin

8-to-1 Ratio Capacitor Inductor == . b
number number , ! 3]

ThIS Work C, (35V 0;405 X5R) Cs (10\08[]5 X5R) Con Botstrap diode High-side driver
Fibonacci 13 4 1 Top side Bottom side
Dimensions: 1.38 x 0.46 x 0.22 inch (3.5 x1.17 x 0.55 cm)
FCML 16 14 1
Series-Parallel 29 7 1 Component Part number Parameters
Switched Tank 22 7 3 Switch Q1-Qq4 Infineon BSZO18NO4LS6 40 V, 1.8 mf2
Switch Qs-Q1g Infineon BSZ010NE2LS5 25 V. 1 mQ
Nominal  Range Flying capacitor C; ~ TDK C2012X5R1V226M125AC  X5R, 35 V, 22 uF x 14
Flying capacitor Co ~ TDK C2012X7S1E106K125AC X7S, 25V, 10 uF'x16
Input voltage 48 V 40 - 60 V Flying capacitor C3 ~ Murata GRM21BR61A476MEI5L  X5R, 10V, 47 uF x16
Output voltage 6V 5-75V Resonant inductor L. Coilcraft SLC7530S-500ML 50 nH, 50 A I,
Output current 40 A 40 A Gate driver Analog Devices LTC4440 80 V. high-side
Power rating 240 W 200 - 300 W Bootstrap diode Infineon BAT6402VH6327XTSA1 40 V, Schottky

Switching frequency 70 kHz 70 — 78 kHz

" The capacitance listed here is the nominal value before dc derating.
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Peak power stage efficiency 98.6%
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IntrOdUCtion Focus of this work
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Moving Towards A Lower Bus Voltage

1 V PolL converter efficiency The efficiency of a Point-of-Load converter is a decreasing
function of its input voltage. If the prior stage bus converter
can achieve a higher conversion ratio without much extra
loss, the input voltage of the PoL converter can be decreased
91% and the overall 48V-to-PoL efficiency can be improved.

38% However, the component number of SC-based bus
converters increases proportionally with respect to the

with respectto V,
94%

conversion ratio, resulting in increased circuit complexity and
decreased performance. To address this challenge and
continue the promise of SC technologies, we developed two
5V . p ;
fBased on Murata MyMGKoosoaersr  EW Resonant SC topologies that are specifically suitable for
MYMGK1RS804FRSR " high conversion ratios (48-t0-6 V and 48-to-4 V).

48-to-4 V Two-stage Resonant Converter

This design features the lowest passive volume
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requirement while maintaining high output conductance
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