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Power Conversion & PMIC at Tyndall: ¥ EnerHarv201s & Tyndal

DCDC: POL, VR, SoC

Smart sensor Power Switch Mode Inductor or Hybrid Topology

Ambient Energy Harvesting Advanced Magnetic Component DesigiiOaM. ™

Implantable Power BEOL Wafer ScdRbDL based Thin Film Magnetic Materials
Couplers, EMT Substrate Embeddable

<1>W (Highly) Integrated Power Conversion Systems 300W

170nW Power Manager IEPMIC 0.3 W

ICD Pacing 10uW
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Ultra Low Power (ULP) PMICs

F AN

Low Bandwidth and Low Average D&ta | Gf (1 S&@eEidtenanceree)

systems
Or Power and Energy Data points
i i Shortrange (BLE) Wireless SoC
Battery Life extension @b+years Wearables 1A Idle with 32kHz & RTC
~2.4uW average for radio for heart rate profjle
4bytes/s for 1h/day

Ocular (retina) implant system @ IDD=50nA
Hearing Aid DS100uA/MIPs

SOA Technology Solid State Storage on
1.5mm X 1.5mm die will provide ~15uW.h
(10um layer)

|ICD Pacing CircuitslOuW

ADUCM4050 SignBlocesson n>! kal I I O
680nAhibernate
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Wide Dynamic Range & Heavily Duty Cycled Loads and Sofirdeyhl
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Control SilicoRULP Wireless System Node € Tyndall

PMIC

Harvested Energy Conversion System Controller Radio
Energy Storage Management S interf
Battery Management ensointeriace RF

Regulated Voltages for the Systen

A The PMIC is currently generally a discrete IC

A But at ULP level the smasgnsornodeideally requires a very high level of integration

PMIC Voltages, Silicon Requirements and Control are very compatible with radio
Mixed-signalsensorinterfacecircuits are very similar to those for energy source interaction and power control

Outer loop (tertiary) power control should ideally share resources with the system (host) controller.
Al O0O2NRAYy3If & dGaiadaOKAS BignaNERING&EtBYHIPOffefirfigS EA 0 {@S
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Switch Mode Inductor Topologies Tynaall
S1
+Vy B— + Vour Inductors are beautifully
1 [ b | Buck voltage compliant
T = Vin > Vour
—LI Buck or Boost are more
efficient than BuciBoost
52
+ Viy I —_I_—I + Vour Inductors are large when
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PMIC Platform IP Development Goals € Tyndal

w Extend to sub1pW for emerging MICRO, MESO and MESO
OYSNAEAY3I {YINI {SyazNlI b2RS [/ 2y iNR{ { SiNhAbedhatehdde, Fapid stad)dz/ an np n 6nn>!«kall IO

w  Control flexibility to maximise energy transduction, energy storage arsys$taim energy efficiency
- for a variety of energy harvester types: PV, TEG, Piezo, Electromagnetic and Electret
w  Bring advanced intelligent control the space (digital and mixesignal)
w Leverage the benefits of digital assisting analog for low quiescent current PMIC circuits and references
w  Create flexible solution IP to address power management challenge for loT devices
w  Cater for multiple system voltages, multiple inputput ratios and extend input voltage range

w Aot of niche smart sensor applications will require dynamic and intelligent fit with:

the application environment

ne sensor

ne radio

ne energy source nature, type, MPPT, impedance

ne storage ®
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EnablingHigh Value, Novel, NexXtenerationFeatures

Digitised outer loop power/current set points for MPPT will enable features speff@asnance monitoring
of source and storage

Chargeprofile tuning to suiemerging batterghemistries

VEH i1s AC and will be Agtive Rectifier & BDCor Power Factor Improvement Hybrid

Piezoelectric, electret devices tend to be current source in nature
Electromagnetic transduction tend to be voltage source in nature

';”*; ___fi..,_1 Boost to HV
R i a . 8zf |
@ —>|— - @ R || ¢ == lﬁ,) @ 4 @ | g Storage
| * 140 V | 1 Capacitor
.I"L : L

Power Factomprovement

Active Rectifier
O
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ULPPIEZO ResearcAIN Piezo Harvester
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Leadless implantableTyndall created the Piezo harvestarouble cantilever
~3uW (1-10V) averagpower operating at 60pm, fitsinside a commercial leadlggacemaker.
Off-resonancéased on impulse acceleratiorethod¢ MEMs compatible process

Qubstantial further improvements are possible and mixed signal control will add value

Maximise energy extraction during single shock excitation, as an example
O
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Piezoc Energyextraction at Mechanical Vibration Frequency from & Tyndall

Capacitive Source wiorni

At the vibration frequencyK,,) ¢ facilitates ULP

A quickly evolving variety of Active Rectifier, Condugingghe Extension (Bias Flip, Parallel
Synchronous Switch Harvesting on Inductes$Pil)) or other Synchronous Charge Extraction
(SECE) techniques.
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self capacitance, Cp

a In > 2o0-1mW ParalleESHI Rectifiéor PiezoelectriEnergy Harvesting of
Periodicand ShocExcitations with Inductor Sharir@old Starup and up to
681% Powed E (U NJ OU A 2y DaMalMNERNEHeYes sI8ICE 2016 @
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SECE Piezo Harvesting Circuit Example € Tyndal

EUROSENSORS 2014, the XXVIII edition of the conference series This i1s a BueRoost Circuit operated
synchronously with mechanical
vibration to resonantly (efficiently)
extract charge from the piezo

Quasi-Synchronous Charge Extraction for Improved Energy
Harvesting from Highly Coupled Piezoelectric Transducers

Aldo Romani*, Matteo Filippi capacitive source
University of Bologna, Via Venezia 52, Cesena 47521, Italy
phase 1: charge extraction, energy stored in L, until Vg (t)=0 + skioomeri All of these harvesting CIrcuits
prememen V() £oeeees Vi) LW, vy , benefit from:
' - - . sovs i
[ F——t 3 “i /\ft
- : : ' | ,
Q'E - i S | . C A R (1), rectified PT voltage A MPPT _
; i_ | J ) B ‘ © | ,. A Analog Event Driven State

Machines

A Digital Timin@urcuits

A High Speed Low Threshold
Comparators
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Mechanical and Electrical ©@sign VEH Tynaall

Mechanical NotLinearitiesadded in transducer design + &8urfing the high energy branch of nonlinear

NonLinearElectrical Stimutb maintain high energy branch resonancessy SNB2 K b 8. 8aEys. Rev.
Lett.,week ending 4 NOVEMBER 201&8im32 X

Example for Electromagnetic VEH

Design for high reliability involves advanced packaging design rhere . arelogous teenniques for Flezo unde
Signal interaction, such as displacement, strain measurement
Electrical technigues to increase reliability

3 (b) Simulation (0.5g)
5 4 T T /
Experiment (0.5g) 4 -
3 gl e,
4 10 E°]) g
2 o s :
. = g 2 'E"_| ] | - Switching Signal
g g _“:I.q I nﬂ- 20,0 20,2 20,4 Amplitude
(=) 1%
-E- 3 5 10° “i:*-' : ®
= IR O o 1
o S10* B -
=
o 2 10 60 70 80 S0 100 )
- Frequency (Hz) of -
E BN (8 emm (5p 3
e} 1 0 10 20 30 40 50
- Time (Sec)

A EnerHarv 2018




Platform Circuit Design Philosophy

W

& Tyndall

National Institute

LowestQuiescent CurrerBlocks in combination with:

Optimised Energy Transfer per Cycle
w Heqguency scalable or as required energy cycle transfer
w Efficientand Linear ovewide dynamicange
w Burst MarkSpace dutgycling and optimum cycles per Burst Mark

Control functionalitypn demandg Control power burst frequency

Inductorbased Switch Mode
w Efficient at processingghenergy percycle
w Inductors are extremely compliant for wide voltage range
w Drawback is that large L value and low DCR (high RMS) Is required
' GOSNE | NHSX 4 xlBdam @ypisaly zdkO § 2 NJ

Buck or BoostBuckBoost Capability) for conversionnultiple systenvoltages
w  Time Interleaving modes allows maximisation of efficiency and possible direct conversion to multiple system voltage

Very low Switching Loss tagh frequency
w Quasi Resonari@QR)Switching achieves Zero Voltage Switc{dMHpn Boost Switch or Buck Control Switch

£ A EnerHarv 2018 1
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QuasiResonance Switching for (partial) ZVS Tyndall

P T

S

+ Vour

Resonantly ring down voltage on
Switch Node parasitic
capacitance, &, (after S2 body
diode recovers)

Recover this Into source
Enables ZVS for lower loss

Enables higher switching
frequency, smaller size/cost




IC Process & Development Status [ MCEE] @keaw™ & Tyndal

0.18 Micron Modular

« ProcessXFAB 180nm QR =01 MO
Automotive, Medical anedl0CG175C

Power, NVM & SOl options

High Res Poly

125Kgates/mrh

Low Sp.Robevices

10V ¢ 200V SuperJdunction DMOS

e e eeecL

w 3 Test Chips @ Top Level Schematic
.. COLD START/ BIAS At.Myout & DRC Clean
i. POWER PATH & DRIVERS Level Sims

. Full Chigexcludingadvanced outer control loops (hysteretic only)
w ¢ Synthesised Verilog & Top Level Sims

w MATLAB basddMIC SysteiDesign Space Exploration
w Complete MATLAB models match top level Cadence Simulations
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