System Overview:

Address the critical need for a single-stage
bidirectional isolated DC/AC converters
presenting low cost and simple control for
off-grid DER applications

* Inertia-less Isolated Converter (IIC)
achieves single-stage bidirectional
power conversion through an ultra-low
leakage, coaxially wound transformer,
and eliminates intermediate energy
storage

Multiport operability directly from PV
panels and/or battery pack

S. Manjrekar, A. Marellapudi, S. Belkhode, J. Benzaquen and D. Divan,
"“AC Cube”: A Single-Stage PV/Battery/Grid Energy Router," 2025 IEEE
Energy Conversion Congress & Exposition Asia (ECCE-Asia), Bengaluru,
India, 2025, pp. 1-6, doi: 10.1109/ECCE-Asia63110.2025.11111930.
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* Inertia-less Isolated Converter (IIC)
achieves single-stage bidirectional
power conversion through an ultra-low
leakage, coaxially wound transformer,
and eliminates intermediate energy
storage
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« The AC bridge zero-state (3, 8) enables
ZVS switching transitions for all AC -
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Operating Principle - Parasitic Consideration
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Simulation Results
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Simulation of AC Cube: V,_,, = 48V, V. = 120V, , P, = 1kW

Transformer Primary Voltage, Vo
60 = T T T T T T T

40

20

6
9.24 9.242 9.244 9.246 9.248 9.25 9.252 9.254 9.256 9.258
Time [j1s] w107

Transformer Primary Current, fpp

924 9242 9244 9248 9248 925 9.252 9254 9.256 9258
Time [1s] 10?

400

300 ¢

200

100

Voltage [V]

-100

-200

-300

-400

Current [4]

ol

V., (PDM AC Bridge Voltage)

9.242 9.244 9246 9.248 9.25 9.252 9.254 9.256 9.258
Time [ps] w107

Transformer Secondary Current, lsge

P

9.24 9242 9244 9246 9.248 9.25 9.252 9.254 9256 9.258
Time |15 10°

Voltage [V]

Current. [A]

200

150

100

50

-100

-150

-200

Center for

Georgig & Distributed

. Energy

Output Voltage, Vour

20

40

60 80 100 120 140 160
Time [ms]

Output Current, fovr
. T T

20

40

60 80 100 120 140 160
Time [ms|



| Center for
Hardware Prototype Ge‘{.ggég Distributed
~ Energy
Parameter Value
Power Converter General Specs Z,;ted: 46 kI_1IZk’W, Vbc = 48V, i [ GA/DSP Controlle
Vo = 240/120Vr; + 10%, /21 I";D""”E BAC B“dg
60 Hz, nopyy > 97.7% proalnierator el g
Transformer N =1 : 5, Ly = 350uH, S
leg = 150nH
LC Filter L; =2mH, C; = 20 uF
AC Bridge Parasitic Capaci- | Cp = 500 pF
tance
DC Bridge Power Devices IPPOI8N10NS, 100V Si MOSFET |E=SSs "> , 3 ‘
AC Bridge Power Devices G3F25MTO06K, 650V SiC JFET 1% : ' g :‘ @
Clamp Diode: FFSD0665B, 650 V SiC | = S Q sgouit
C’c]amp = 10 puF : [
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' CH2: Vsec, CH3: Vac,

each cycle is flipped to a polarity, note even pulses, positive or negative.

Measure PImax(C1) P2rms(C1) P3:rms(C3) P4:freq(C3) P5:max(C2) P6:max(C6) P7:max(C7) P12max(C4) Measure PImax(C1) P2rms(C1) P3:rms(C3) P4:freq(C3) P5:max(C2) PG:max(C6) P7:max(C7)

value 535V 4606V 1195V 60102323 Hz 363V 346V 350V <SHUY Ve 540V 4608V 1195V 60.420291 2 376V 356V 37av

tatus v v v v v v v v v v
[C1 GEW[c2  CHSES|C  EmSEm|cs  (ISLMIcs @@ E ]‘ ] m_] E---E- cs ]z1 ] 23 125 |26 zoom(CE)] E
50 Vidiv 500 Vidiv 200Vidv  100A/Gv 500 Vidiv 500Vidv  50.0 Aldiv + S 00msid Nomal 95V 50V 500V 200V DA 500V 500V S0A 50V 500V 200V 1A s00Vidw 500V 50A; + |
125509V 12997 KV 52938V A50mA  -13048KV 12990 KV 0.00Aofst! 25MS 500 MS/s Edge Positve 126V -1kV -52.. -15.. 1KV -1kV 0.0A 100.. 100.. 100... 100 100 ps/civ 100... 100..: !

* Experimental results show steady -state single-phase AC operation
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5.00 ms/dwv 95V
25MS 500 MS/s Edge Positive

* The zoomed waveform (right), taken near the peak of the AC reference, validates the
operation of the sigma-delta pulse density modulation scheme in single trigger mode

—Double trigger mode would enable more fine waveform generation at effectively double switching

frequency
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CHS Isec,

CH2: Vsec, CH3:Vac,

4.8 ms 398 ms

—_—

CH8 lp]] (zero current when switched)

P e,

AC Bridge ZVS turn-on (switch

when Vpri is 0) and ZVS turn-off
RN N f(sw1tch while Vpriis-still 0) — — ——
gach cycle is_ﬂipped to a polarity, note even pulses, posiﬂWﬁFhegatlvg _

Measure P1:max(C1) P2:rms(C1) P3.rms(C3) P4:freq(C3) P5:max(C2) P6:max(C6) P7:max(C7) P12:max(C4)
359V <359.04V

value 555V 4606V 1195v 60102323Hz 363V
status 4
E'_E:I E_E---E- m 5 Tbase 498 ms]Trigger () L8

50.0 A/divii + | 5.00 ms/div Normal 9.5V

50V 500V 200V 10A 500V 500V 50A 50V 500V 200V 10A 500V 500V
126V -1kV 52.. -15.. -1kV -1kV 00A 2ps 2pus 2ps 2ps 2ps 2ps 2.00 ps/div; 25MS 500 MS/s Edge Positive




