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with the output impedance the same as in the FSL.
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* Advantages of SC converters:

1. Low device stress, especially at high conversion

ratios

2. Large energy density of capacitors
 Disadvantages:

1. Poor capacitor energy utilization 50 ; ; ; . | | | |
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2. Only efficient at particular conversion ratios. Time [s] s Energy Utilization [%]

 The solution is soft-charging operation, which
decouples the power loss of the converter from the
voltage ripple on the capacitors.
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= Requirements of soft-charging operation: | |
» Constant current source load ° °
= No KVL violations within SC network
" Need a general method to formally analyse an arbitrary SC
converter for applicability for soft-charging operation.? S S
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Soft-charging Operation of Dickson
SC Converters

= Dickson converter has efficient utilization of switches,
but inefficient utilization of capacitors, and therefore
can potentially benefit significantly from soft-charging
operation.
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= Full soft-charging operation cannot be achieved.
= Solution: Split-phase control.?
" Two secondary phases introduced.

"By charging/discharging the selected branch, KVL
constrains are satisfied.
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" Hardware prototype

= 12 GaN switches

= 7 flying capacitors of

equal values

= 1 additional inductor for
soft-charging operation

Tested Specifications

Vi, 200V
Vi 25V
lload 3A

fo 50-500 kHz
Npeak 95.5%

100

95
S 5
B‘ Z
2 90f TR
O ; | T
| o —— x| x  Two-phase, hard—charging
Soft—charging, two-phase f Two—phase, soft—charging
—©— Soft-charging, split-phase 5 O  Split-phase, soft—charging
80 - ' . . .
15 | _

0.5

—

Output impedal

O
N

O
—

1

oad current (A)
.3

0 100

200

Frequency (kHz)

300

400

500




Soft-charging Operation: Improving the Efficiency and Power Density

A=

[ILLINOIS

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

of Switched-Capacitor Converters

Yutian Lel, Robert Pilawa-Podgurski, University of lllinois

Optimization of Soft-charging and
Resonant SC Converters

Lossless Regulation of Soft-charging 1
SC Converters =

" Another problem of conventional of SC converters is the
lossy output voltage regulation

= Regulation of output voltage is achieved by modulating
the output impedance

" With both energy storing capacitors and inductors, there
is potential to optimize for the minimum passive
component volume.
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Regulation phase

" Split-phase control enables full soft-charging operation of
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