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SSCS Education Material:
v' SSCS Resource Center - free for SSCS members -
includes short courses, tutorials, CONFedu series,
lecture series, past webinars

v Distinguished Lecture Program: exclusive to SSCS
members

v" Webinars: free access to all SSCS members
v" Membership is only $22 for 2018
v $11 for students

v Join at www.sscs.org

https://resourcecenter.sscs.ieee.org/
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About Alessandro Novello S Eeiery

n IEEE SWITZERLAND

1. 2016, B.S degree in electronic engineering from Polytechnic
University of Turin

2. 2018, M.S degrees in Micro and Nanotechnologies for Integrated
Systems (EPFL/Poly Torino/INP Grenoble)

3. Currently pursuing Ph.D in the Energy Efficient Circuits and IoT
Systems at ETH. Main research interests include Power Management
ETHz(irich IC design and Energy Harvesting circuits for ultra-low power

4. Distinguished contribution to SSCs conferences in 2020 and 2021
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Conventional Switched Capacitor (SC) &%
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Phase generator

© Cgor switching loss
© Cg switching loss
© Low power density
© Auxiliary circuitry

© Large load capacitor
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Resonant Drain SC GIRGUTS SOctEY
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Resonant Gate SC
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© Cgqr switching loss
C. switching loss
© Low power density
@ Auxiliary circuitry

© Large load capacitor
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Hybrid-Resonant SC
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© Cgqr switching loss
© C, switching loss
High power density
© Auxiliary circuitry

© Large load capacitor
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Proposed EM coupled class-D LC 1:2 it
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= No large load capacitor

2021 Solid State Circuit Society Webinars 9 of 36



T A
Operating Principles B ey
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[0 Vertical magnetic coupling introduces current coupling
O Vg7 is built in between L, and L,
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O I, oap = 0: inductor currents oscillating close to 0

2021 Solid State Circuit Society Webinars 13 of 36



T A
Operating Principles CIRCUITS SOCIETY

A J_|Lz |L4J_

I__I_ _|__°‘\ lLa
_:CFLY,AB IN CFLY,C% —~ 1) ¢

L, L3

Vll— T s Ve

I 1 ' s ‘\

> T T |

L1
= >

O I, oap > 0: inductor currents DC component shifted

2021 Solid State Circuit Society Webinars 14 of 36



T A
Operating Principles S ey
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Operating Principles S ey

Where ICs are in |EEE SWITZERLAND
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Operating Principles
Phase @,
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On-chip Transformer Design BT e
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co-planar ground shield

VOUT

CFLY,CD

= Interleaved loop structure g L, Ls E

= Maximize K, = K;, = K34
I

=  Minimize K,, = K3 = Ky,

= Co-planar ground shield to improve the quality factor
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On-chip Transformer Design T ey

Where ICs are in |EEE SWITZERLAND
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Duty cycling scheme for light load T

|\

[0 Footer NMOS placed to switch ON and OFF the oscillators
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Duty cycling scheme for light load T
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Duty cycling scheme for light load T
EN =1
L, TOVOUT Oscillators ON
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Duty cycling scheme for light load T
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[0 The duty cycling reduces power losses in light load conditions
2021 Solid State Circuit Society Webinars

24 of 36



5 A

Duty cycling scheme for light load &t
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Duty cycling scheme for light load T
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Duty cycling scheme for light load T

EN=1 :
LZ TOVOUT Oscillators ON
Ve 00500 _Vo Vour, - Iy
[ T
VIN .
 CrLv,A8 Crv,on| JJ "
el T
L, - 'ro'o'o\_l's ; Oscillators OFF
scillators
. % e Vg,g\

0 Oscillation dying out

2021 Solid State Circuit Society Webinars 27 of 36



L ) A+
C h | p M 1C I‘OQ ra p h CARLUITS SOCIETY

Where ICs are in |EEE SWITZERLAND
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Measurement Results - Full Load e Beter
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Measurement Results - Duty Cycled i
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A

Comparison Table
Godycki Tang Schaef Renz McLaughlin This Work This Work
ESSCIRC ‘14 ISSCC ‘19 ISSCC ‘19 ISSCC ‘19 ISSCC 20 HIGH EFF HIGH PD
Topology 3-level Buck Iil:g::;lspll_? i':g'scso_gpll_eg
Technology 65nm 180nm 180nm
fsw (GHz) not reported 1.25 2.5
Vi (V) 1.8 1.2 1.6 3.0-45 24-44 1.0-3.6 1.0-3.0
Vour (V) 0.7 0.6-0.9 1.2 1.5-1.8 1.0-2.2 0.4-1.6 0.4-1.3
Lot (nH) 2x1.5 0.85 2.5 package 9 7.7 coupled 7.8 coupled 3.1 coupled
Crry 1ot (NF) 2x1.5 1.72 - 2x1.0 2x 1.7 2x 0.229 2x 0.076
Cin (nF) not reported not reported not reported 0.18+off-chip 7 0 0
Cout (nF) 1.9 3.1 10 + off-chip 10 7 0 0
Area (mm?) 2.09 0.65 2.16 7.83 8.93 1.61 0.37
Peak Eff (%) 64 78 88 85.5 85.5 67 58.1
@Ppens (W/mm?) 0.067 0.55 0.28 0.033 0.053 0.21 0.88
Peak Ppgns (W/mm?2) 0.067 0.73 0.28 0.033 0.097 0.30 1
@Eff (%) 64 74.6 88 85 74.5 65.2 57.5
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Comparison Table
Godycki Tang Schaef Renz McLaughlin This Work This Work
ESSCIRC “14 ISSCC ‘19 ISSCC ‘19 ISSCC ‘19 ISSCC 20 HIGH EFF HIGH PD
Topology 3-level Buck sic Buck ReSC ReSC 'Ec':’;;’:‘spl'_? i':’;:’sf’_‘spl'_?
Technology 65nm 65nm 14nm 130nm 180nm 180nm 180nm
fsw (GHz) not reported 0.45 0.07 0.0355 0.0475 1.25 2.5
Vi (V) 1.8 1.2 1.6 3.0-4.5 24-44 1.0-3.6 1.0-3.0
Vour (V) 0.7 0.6-0.9 1.2 1.5-1.8 1.0-2.2 04-1.6 04-1.3
Lot (nH) 2x1.5 0.85 2.5 package 9 7.7 coupled 7.8 coupled 3.1 coupled
Crrytor (NF) 2x1.5 1.72 - 2x1.0 2x 1.7 2x 0.229 2x 0.076
Cin (nF) not reported not reported not reported 0.18+off-chip
Cout (nF) 1.9 3.1 10 + off-chip 10
Area (mm?) 2.09 0.65 2.16 7.83
Peak Eff (%) 64 78 88 85.5 85.5 67 58.1
@Ppens (W/mm?) 0.067 0.55 0.28 0.033 0.053 0.21 0.88
Peak Ppgns (W/mm?2) 0.067 0.73 0.28 0.033 0.097 0.30 1
@Eff (%) 64 74.6 88 85 74.5 65.2 57.5
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Comparison Table
Godycki Tang Schaef Renz McLaughlin This Work This Work
ESSCIRC ‘14 ISSCC ‘19 ISSCC ‘19 ISSCC ‘19 ISSCC ‘20 HIGH EFF HIGH PD
Topology 3-level Buck sIC Buck ReSC ReSC 'Ec':’;;’:‘spl'_? i':’;:’sf’_‘spl'_?
Technology 65nm 65nm 14nm 130nm 180nm 180nm 180nm
fsw (GHz) not reported 0.45 0.07 0.0355 0.0475 1.25 2.5
Vi (V) 1.8 1.2 1.6 3.0-45 24-44 1.0-3.6 1.0-3.0
Vour (V) 0.7 0.6-0.9 1.2 1.5-1.8 1.0-2.2 0.4-1.6 0.4-1.3
Lot (nH) 2x1.5 0.85 2.5 package 9 7.7 coupled 7.8 coupled 3.1 coupled
Crry 1ot (NF) 2x1.5 1.72 - 2x1.0 2x 1.7 2x 0.229 2x 0.076
Cin (nF) not reported not reported not reported 0.18+off-chip 7 0 0
Cout (nF) 1.9 3.1 10 + off-chip 10 7 0 0
Area (mm?) 2.09 0.65 2.16 7.83 8.93 1.61 0.37
Peak Eff (%) 64 78 88 85.5 85.5 67 58.1
@Ppens (W/mm?) 0.067 0.55 0.28 0.033 0.053 0.21 0.88
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Conclusion

] A

SOLID-STATE

b A

0 Proposed converter architecture

m Fully Integrated DC-DC converter

B Adiabatic switching of Cyzot & Cs enabling GHz-range fgy,

B No timing, shifters and bootstrap circuitry needed

B No load capacitor needed in full load operation
O Performance

B 1 W/mm?2 peak power density

B Wide 70pW - 0.5W load range with duty-cycled operation
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