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Chip-scale Power Transfer Methods — pefinion mie | v
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Definition: A “chip scale” isolated power supply fits within standard semiconductor R
packages and provides the energy to operate electrical circuits on the opposite side of a = :&
[ . - ~ lIsolation
galvanic isolation barrier barrier
Thermoelectric generators Optical energy transfer Capacitive power transfer Transformer power transfer
‘ Vix Vix Vi Vix
Cold é l |
plate |
CKTS = ; CKTS, CKTS CKTS,
PP , = ; ]
@ % %E FETs, etc . \A' FETs, etc FETs, etc FETs, etc
= Gu o @ = = GOx = Gy
3 Gy L Gy= G G
v" No EMI v" No EMI X EMI non-negligible X EMI non-negligible
X Poor Efficiency X Poor Efficiency A Moderate Efficiency v’ Best Efficiency
X Very Intricate packaging X Intricate packaging v" Simplest packaging A Moderate packaging
X Hard to generate AT v' LEDs commonplace v Iso CAPs CMOS compatible v Transformer on-silicon or in package,
X Complicated CKTS v' Simple CKTS air-core and maa-core common
Camot efficiency limits _1_Tc0LD X CTR degradation with age e L o
efficiency - T B % i B2mW, 50.7% ,,"'") S,
practically usually < 3% HOT s e : ‘ 50%¢ Pesk efidency
"ézo g‘o ‘mp'mwma'“ HE— H g configuration e
i ol n— e 3=
3 = 30 || Crenioop postreguistion win Lo Output Voltage: 3.3V E
§ i) g 25 %
e ecers . )
15
10 20 30 40 50 60 70 %
o o Y s 0 Output Power (mW) 04 06 08 10 12 14 16
lwulcumnt Ig-mit ouT!
~= 3] — ICPT (isolated iti transf
P_available ~50uW/mm?for AT = 10°C Efficiency ~ = 0.12% 3 (tsolated capacitive power transfer) [2] — Integrated transformer
[1] — Nature, CMOS integrated TEG [4] - Opto power transfer
Less Power i < 100uW

< 100mW i <2W More
*Honorable mentioned: Piezoelectric. One day?



Capacitive power transfer: Basic idea

Principles
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— Charge transfer occurs immediately
after state transitions

— Capacitor voltages forced via DC
voltages

— Charge Qgyr = C,50 AV, delivered
every half-cycle:

<iOUT > = Sour

T /2 =2 fSWCISO (VIN _VOUT )
SW

Practical Considerations

— Vour Voltage source can be replaced
with a large Coyr, (Cour >> Ciso)

— Capacitor voltages are compared
half-cycle to half-cycle
* With AC,sq or AT/ 2 = caps do not
drift
— Synchronous rectifier can be
replaced with diode bridge



Capacitive power transfer: Overcoming parasitics
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Efficient capacitive power transfer is
challenging when using integrated isolation
capacitors, Ciso

On-Chip isolation caps (~5kV rated) have
large bottom plate capacitance (As large as
Cgor = 5Cis0)

Consider an H-bridge inverter driver
example:
*  Maximum Power is Limited:

I:)(OUT)MAX - C:ISOVINZ.I:SW

* Hard-Charging Cgqoy is very lossy:
I:)DRV - CBOTVINZfSW = 5C:ISOVINZfSW

«  Output power req. achieved by increasing
Ciso» Vin» and/or fgyy,

*  Ppry scales directly with Poyrmax
nis constant as Cgq, V|, Or gy Vary



Dealing with bottom plate parasitics

Resonant Drive Adiabatic Drive
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Boost drive voltage using resonance with Boost drive voltage with multi-level charge-pump
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Pro: Driver losses are reduced by Q 4/rr Pro: Driver losses are reduced by n (# of levels - 1)

Con: Switches require bi-directional blocking, most
switches still block high voltage and gate drive not
straight-forward

Con: On-Chip inductors exhibit poor Q (less
than 5), until frequencies are >200MHz and

each coil can be large




Dealing with bottom plate: Adiabatic driving
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« The total energy consumed to take Vg, to V,y and back to ground is:
Esw = CgorV /2 or in terms of power > Pg,, = fg,CgotVin/2
— This is half of the power for the direct drive case! n-level Time-Averaged Model:

 The more number of levels the more efficient we are! .
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Cap power transfer: Linear model
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Charging and discharging parasitic top and bottom plate
capacitors consume current

VO :V CISO _ ILOAD _ 2V
uT IN D
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Increasing Voyr

Increase C,so = Expensive + Cgqor losses (Cgor ¢ Ciso)
Increase fgy, =2 Cyor losses + divider limited + gate-drive
Reduce |, g5p = Only so much one can do

Increase Vy 2 Cgor lOsses



Common-mode EMI

« Asymmetry results in common-mode current CKTS,

FETs, etc

— Cap value mismatch
— TX transient mismatch (delays and waveform shape)

GI’X
— Transformer based system also has similar issue (Cpar)
' V A
Vi rx
Vi XK l
4' CKTS,
| A FETs, etc
G £
' G Va \
Common- x
mode = o
current
loo
P Mismatch in delay between V, and :
causes common mode current —>_] 'CM
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Isolated Transformer Power transfer on-chip

» Dual active bridge derived topologies most common
— ZVS on TX driver can be achieved - Needed for efficiency

« Different TX and rectifier methods - Asymmetric and Symmetric
— Symmetric better for EMI = more gate charge loss for TX

X RX

Asymmetric Drive Symmetric Drive Half-bridge rectifier Full-bridge rectifier
VtX er er

oG .

Can be passive or active “self-driven”
For active, non-self driven, expensive extra comms
channel needed. Sometimes worth it for higher power.
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Isolated Transformer Power transfer on-chip

Simple DAB derived topology (active on primary, passive
rectification on secondary)

tx

+ Small package area ->Low achievable L, poor Q, k compared to
a discrete component

» Need resonant operation on primary for efficiency

» Parasitics caps and transformer co-designed to operate in ZVS
for a given drive Fsw and duty - phase shift inherent, not directly
controlled

» Regulation can be controlled by “bursting” or shunt regulation at
secondary (poor efficiency)

* Must operate at very high frequency to keep transformers sizes
small to fit on chip
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Common-mode clamping

« Common mode noise injection rectifies and can charge up on chip supply (need
clamping and protection)

Vtx er
1 CKTS, ,I/
FETS, etc ™ Vrx clamping to
== Gy, )i shunt injected
) G, common-mode
BB \/\ < energy

Common mode noise sources (incident RF,
ground bounces in system, etc... inject current
and charge Vrx - Need clamping
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Summary

Capacitor and transformer methods most common for on-chip isolated power
supplies = Small size, compatible with CMOS and common packaging
technologies

EMI challenges arise due to asymmetries causing common mode injection -
addressed by symmetry (both on TX and RX)

Capacitor and transformer methods/circuits remarkably similar, for example, same
passive rectifier can work for both

Proliferation of commercially available on-chip isolated supplies (< 2W), expect
trend to continue - Further improvements in total power, efficiency, cost, EMI

Z\V'S, charge recycling, resonant drive, needed to make supplies as efficient as
possible
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