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Outline

* Motivations
* A Reconfigurable Single-Stage Asymmetrical Hybrid Topology (JSSC 2022)
* A WPT TX with Single-Stage Regulated Class-E Architecture (ISSCC 2022)

 All Rivers Flow to the Sea: a WPT RX with Split-Dual-Path and Hybrid-Quad-
Path Step-Down Rectifying Conversion (CICC 2022)

e Summary and Future Works

Yan Lu, University of Macau
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Outline

* A Reconfigurable Single-Stage Asymmetrical Hybrid Topology (JSSC 2022)

Yan Lu, University of Macau



Reconfigurable Bidirectional Wireless Charging Schemes

Power Link
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* Direct Charging

* Large losses on the coils.

[M. Huang, ISSCC 2017]
[F. Mao, ISSCC 2018]

e Commercial Solution with
DC-DC Converter

* Solution with Switched-
Capacitor (SC) Converter

Yan Lu, University of Macau



Reconfigurable Single-Stage Wireless Charging Scheme

Regulating

Step-Up
Power
Amplifier
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Regulating
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Rectifier

[F. Mao, JSSC 2022]

v’ Voltage conversion for high AC voltage for high power
— Step-up power amplifier and step-down rectifier (SDR)

v" Regulating DC Output

v" Reduced no. of components and high efficiency

Yan Lu, University of Macau



Reconfigurable Single-Stage Asymmetrical Full-Wave SDR
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[F. Mao, JSSC 2022]
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Reconfigurable Single-Stage Asymmetrical Full-Wave SDR
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TX Mode

* 3 operation phases.
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Compatible with Existing Fast Charglng Scheme?
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Implementation

* Fabricated in 0.35um HV CMOS.

* Chip area 6.99mm?.
* GaN device for S,.

* One 180nH 4015 power inductor.

* One 220nF C,.

* Two 1.05uH coils.
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Yan Lu, University of Macau
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Measurement
Results

* VCRy max = 5.4

* VCRzy min = 0.32

* Pourmax = 2-1W

* Peak D2D Efficiency 51.4%

The 15t Merged Hybrid
Wireless Power TRX.
Designed in 2019.
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Outline

* A WPT TX with Single-Stage Regulated Class-E Architecture (ISSCC 2022)

Yan Lu, University of Macau
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Power Amplifier (PA) Comparison
[X. Ma, ISSCC 2022]

CIasi/—CD @Fo 5V|N= c1
Vin M ., L V Compact solution for low power applications
Ci) Mo\S i\ X Average output voltage is 0.5xV,
= X Larger output ripple
e 1 Parasitic
= = Cap =
Class-E = v
SW1 =VIN
‘mm‘ ® 9-
L /IéI: V For mid- to high-power applications

V Average output voltage is V|

S o
i1
|
&

X Need extra component for ZVS operation

Yan Lu, University of Macau 15



Class-E PA with DC-DC Supply

......................................................................................
o

s o m *—— mvsw. * * 1
1 P L ' C
C_r) j: — gg‘ \({L =— Cs:

-~ P - o
- P P L L L L L L T T L T T TR Y
D L L L L L

x Efficiency degradation, e.g. 90% x 90% = 81%.
X Buck converter needs one inductor and one capacitor that

increase area and cost.

Yan Lu, University of Macau
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Class-E PA with DC-DC Supply

How about removing the inductor and capacitor in the Buck stage?

Yan Lu, University of Macau
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Merged Single-Stage Regulated Class-E PA

[X. Ma, ISSCC 2022]

T ife=fN, =
\N=2,4,810 |

~
...................

V A Compact solution with improved efficiency.
V Resonant tank works at 6.78 MHz.
Vv M, and M, work at lower frequency.

Yan Lu, University of Macau 18



Reconfigurable as Class-E Rectifier
[X. Ma, ISSCC 2022]

I
S — RV
Vour : <o . \!:/xz mvsm . . 1
; MHR f LR Cz
T o Col
—_ S | :Active .
T Mir\, E‘DiodeE P Cs: L, <:
=3 fs=fe/lN, = - - =
'N=2,4,8,10

N
...................

* Single-stage regulated Class-E PA can be reconfigured as a Class-E rectifier.
* Control circuit reconfigures the GaN switch to work as an active diode.

Yan Lu, University of Macau 19



Class-E Tuning Scheme

External tuning ,‘(SW Z.is inductive

4’666‘ Vsw1 =Vir | ¥ component Z_is resistive
¢ r— AT

L Cit ¢ Z_is capacitive
Ww | e
GaN 1 o
Ci) FET\TO — Csi Hard switching
P
- - J— - - | w— H
= - = 0 LT 21

Reverse loss

* The output waveform of a Class-E PA will change with the load condition.

* A tuning circuit is needed.

Yan Lu, University of Macau
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Proposed Class-E Tuning Scheme

External tuning

. Vsw1 =Vir :' """ ‘:component
L i Cit 1
Vin R
GaN, o -
FETY T Cs
Z
AVsw

Bulky external tuning
component

Fixed 50% duty cycle
i ZVS point

0 m 21

Traditional Solution:

* Needs a large external tunable component.

x Not suitable for mid-power applications.

[X. Ma, ISSCC 2022]

“N=2,4,8,10= ./ onswitch = -
"""""""""" ] fe = 6.78MHz

S ~Wx Vsw2 Vsw2 =D Vinz
i MC : o0 * 11
;o i L C
' i Coil
M. EE¥ — Cs1 Capacitive
i : L] Zo. | load
| fa = feIN, :Dynamic turn- =

Fully integrated

Adaptive ZVS point

Proposed Solution:
On-chip ZVS controller detects the ZVS point.
V Fully integrated.

Yan Lu, University of Macau 21



Full Schematic of the Proposed Reconfigurable TRX
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Differential Class-E Working Mode Using Two Chips

GaN
FET,

GaN
FET;

Vswece

Vswe1

I

.....................

......................
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; i Vswet Vswe 7 Wxa
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V Doubled AC voltage on the

— resonant tank.
/ V Increased output power.

/ N\

V Reduced even-order harmonics.

Yan Lu, University of Macau
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Measured PA Waveforms with Passive Rectifier
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Measured D2D Waveforms with Class-E TRX
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Comparison Table

JSSC'21 | ISSCC'19 | JSSC'19 | ISSCC'18 | TCAS-I'21
F.-B.Yang| C.-Y.Xie | F.Mao C.Yeh X. Ge This work
Process 0.25um 0.5um | 0.35um | 0.5um 0.35um 0.18um
Regualted Diff Bi-Dir Class-E Regulated | Regulated
Type Class-D | Class-E | Class-D Class-D 35S- lass-E
Chip Area [mmz] 1.61 3.15 3.92 3.78 3.53 2.77
Vin[V] 4.2 40* 2.5-45 40* 15 10
Vour [V] 5 N.A. 2.5-45 N.A. 12 10-48 25-46 5-10
Operation frequency [MHz] 6.78 13.56 6.78 6.78 6.78 6.78
Peak DC output power [W] 04 100 2.74 70 7.3 27 45 6.5
Peak E2E Efficiency [%] 715 91 77.2 90 57.3 80 83.7 74.6
Regulated output YES NO NO NO YES YES YES YES
5C 4L 3C2L
2GaN 1GaN 2C 1L 4C 2L 2C 1L
External compnent of PA 1C 2MOSFET 1C IMOSFET 3C2L 1GaN 2GaN 1GaN

« Our one-step regulated PA has the highest efficiency and output power among the
single-stage regulated PAs.

Yan Lu, University of Macau




Outline

 All Rivers Flow to the Sea: a WPT RX with Split-Dual-Path and Hybrid-Quad-
Path Step-Down Rectifying Conversion (CICC 2022)

Yan Lu, University of Macau
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Possible Topologies for Regulating Wireless Power RX
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(d) Proposed Rectifier with Merged Hybrid Converter

Yan Lu, University of Macau



Proposed Split-Dual-Path and Hybrid-Quad-Path Step-Down

Rectifying Conversion (S2H4) Receiver [2. Lin, CICC 2022]

e LC Tank = Rivers’ Source
e 4 Current Paths = Rivers
e Battery - Sea

Vacz et VA2

Yan Lu, University of Macau 30



Implementation

* Maximum P,;; = 8.8W.
e RX Efficiency 85.4%@6.4W.

e —— e

R 1Si=i=is

Fabricated in 180nm BCD-on-SOl

Chip area: 3.98mm?

Two 240nH inductors, 1.6x0.8x0.8 mm?3
Two EPC2045 GaN devices

Yan Lu, University of Macau
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Outline

e Summary and Future Works

Yan Lu, University of Macau
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Our Wireless Power Works

The 15t IC of
Bi-directional Reconfigurable
Wireless Power TRX

The 1t Merged Hybrid Wireless Power TRX
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Our Wireless Power Works ]
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Summary
* Bidirectional wireless fast charging needs high AC voltages for high power.
* 3 hybrid topologies for D2D wireless charging are presented.

* Integrating hybrid conversion into the wireless charging TRX is a new area,
with plenty of rooms.

* Both Class-D and Class-E structures are good candidates.

* Go hybrid, go differential, and go multiple paths.

Yan Lu, University of Macau
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