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CHANGING WHAT'S POSSIBLE

Design Iteration of Medium Voltage,
kW-Scale Hybrid Switched Clpacitor
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Motivation:

A challenge for fulfilling state and utility renewable portfolio standards is
the high levelized cost of solar PV energy ($109.8/MWh) compared to other
sources (e.g. a conventional coal plant at $60.4/MWh). The higher cost is due
primarily to the high installed cost of commercial and utility scale solar PV
systems (relative to capacity factor). Medium voltage DC (MVDC) distribution
architectures may realize cost reductions.

In this work, we developed 5
novel circuit topology for boosting
PV power from the panel array to a
medium voltage DC (MVDC) voltage
for distribution. Targets are:
• 10 kV output voltage
• Gain of up to 20X
• > 95% Efficiency
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• The HSCC combines a traditional boost converter topology and a "diode-
capacitor ladder" with Nstages, to act as a voltage multiplier.

• A bipolar HSCC effectively contains two HSCC converters with a positive
pole and a negative pole, each with one controlled switch

Bipolar HSCC schematic shown with N 2 stages, prototypes had 4-5 stagesA
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Three prototypes were built and evaluated. Shown here is Prototype 2
with N= 5 stages; the positive and negative poles of the converter occupy
the top and bottom halves of the circuit.

Positive pole "diode-
capacitor ladder"
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ototype 1 achieved 10.1 kV, 2.57
th a pilot design (with N= 4) and
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Prototype 2 included revisions to circuit parameters and new
switching scheme. Circuit parameters were optimized in simulation
using validated models. For the control, the MOSFET switches on as
the inductor current rises through the iL=0 crossing (reducing loss) and
then switches off when a reference peak current is reached. Prototype
2 achieved 10 kV, 5.43 kW output at 97.9% efficiency, with N= 5

1 2 3

20

.Switching 4?-10: 
.
frequency 0
variable:
250-375 kHz

Pr
th
Pr

800

j 600

(7) 400

J _L
1 1

/

1 , ,, , ,, ,
1 1, , ,

Turn off ,, ,, ,i, , , , ,, , ,, , ,,,,
i ,, 1 i 1 

,
Turn on to

Tml
it1

Tm2
t2 t3

Tm3 ► ;

*
apk

Turn on

ototype 3 included a larger heat sink for the MOSFETs. This incri
e power handling but added parasitic inductance, reducing effic
ototype 3 (N= 5) achieved 10.7 kV, 7.98 kW, 95.2 % efficiency.
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A Prototype 1 (N=4) with nom R Load =50IKQ -

* Prototype 1 (N=4) with nom R Load =25kS/

Prototype 1 (N=4) with nom R Load =16.7kS/

• Prototype 2 (N=5) with nom R Load =25IKS2

- Prototype 2 (N=5) with nom R Load =16.7kS2 

-0 Prototype 3 (N=5) with nom R Load =16.7kQ
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