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Session 2. Analog Techniques

O|®# A-SSCC 2023 9| Session 2 = Analog Techniques 2= FHZ & 4 HO| =&0|
2 H | AL} Gain-Boosted N-path Filter 2 Voltage 3 Current Reference 2|2, Analog
Front-End (AFE) Circuit Of CHet A7 471 = ACH
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Session 8 Voltage Regulator

O ASSCC 20239| Session 8= Voltage Regulator2t= FHZ & 4HO| =20 LHE]
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Conventional droop detector
- Needs multiple reference generation
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=Large kick-back noise
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Proposed droop detector
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x512 =Small conversion energy
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Session 17. Power Management Techniques

O A-SSCC 20232| Session 17+= Power Management Techniques 2t= FHZE & 4H|
=0 LHE[UCE Wireless Power SystemOf| £tEEl =&F0| 2, Solar Energy Harvester2t

Envelop Tracking Supply ModulatorOff 2t#El =F0| 2}2f SHHN ATH QT
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O] =22 nz{tfetuo|M LEHSH =F2 2 Wireless power systemOf| AFEE|= Resonant
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O] =& National Yang Ming Chiao Tung University0 \| ZESt =222 RFID, IMD S0
AHE &= Wireless Power Transfer system (WPT)0| &=l =&O0|Ct. WPT= coupling 72|
@t Power Conversion Efficiency (PCE), Voltage Conversion Efficiency (VCE)7t &23}ICt 7|&
Global-loop power control (GLPCO)E A&t =22 PCEe HAIZ = UALLL VCEZL H|
orE|0f AH2|Qt Y Tl He7t MoteA ECh & ==20AM= olgfet BHEE 7Hd5tY|
2|8l WPT with Voltage-/Current-Mode 0X/1X Regulating Rectifier and GLPCE H|2t5t1 QU
Ck 28 60lM & 5= AKX Ol #Z= GLPCR Ox/1x ZEE Z Y310l PCEE SHAIZL
digital pulse-width modulation (DPWM)E &3l TX2| £3 FHHZ ZHSI0 T A|AHC

PCE EEDE SFMAIZ = QUSULCH
Proposed VCM 0X/1X Regulating Rectifier with GLPC
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O] =&F& Fudan University OfA Z& 2  Envelope Tracking Supply
Modulator(ETSM)0f & & =FO|Ct. 7[& ETSM2 =2 2892 switching power
modulator (SPM)1t 52 bandwidth(BW)E 7X|+= linear amplifier (LA)2 O|F0{& QUCH ET
o BW+ LAO| 2fsf Z7o| ECh O 2 BWE ¢IdH Digital ETSMO| SESIAX|TH B2
Power switch@} capacitorE AME%tCH= THEO| QUCH 2 =22 0|23t tHEE siZ5H7|
2/l AC-Coupled Envelope Tracking Supply ModulatorS X tstn QICEH 8 80AM & ==
O *Z=& rail-trail input2 'E= LAE ALESI0 288 AL 0¥ E FOob0

=
AN A
SABH0] 24 Sl AAH| Hgsict

(o]}

3.3V

Vi | Circuit UGB PM | cyben] Load of LA

Open Loop 152MHz 50° Ce-1yF

Unit Gain 202MHz 108°

Open Loop 198MHz 48°
Unit Gain 280MHz 72

. i c
Open Loop 166MHz 53° Rea=dQ
o. ssma| | cracsanpt ]|
Vour Unit Gain 223MHz 103° -

- mmma

g

2 V=17V 10 »
£ -10} DC Current=106mA.

=z

=
JO - Ver Ve K3
>
e ol 2 .
1 1k 100k 10M 1G 200M 400M
= 11 1 1 Frequency (Hz)

[O23 8] MQtsh= &2 Schematictt frequency response
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Session 20: Wireless Power Transfer

O|®1 2023 ASSCC2| Session 200 A= Wireless Power TransferS FHZ &£ 4Ho| =&
Of HHEE|RUCE TX, RXEH &M Mg ™ME - oYX =42 =0[|7| fgt 7|==4
CHol AJHSHRICEH O|H ReviewE Sl 4 =222 ME U NOHs= 7|29 240

CHoll ORE Xt ohCt.

=

M Hy MY 282 J7HAZ17] /It Primary Side Link2| high-Q calibration 7|2 A

OFStCE Flexible coil?] T+ 2{&nt IMDe| HMAHZ| AtH 22 X AH2|of Mzl #H3lst=
inductance 2t0f CHs S FObeet AE FOo+E O1EA|Z|7] {2 Time-averaged
fractional capacitance 7|82 ArESIRLCL O == CiH| B2 component ¢l 1712
Capacitance®} 17§2| NLDMOSZ ToISHRULt. Fractional capacitance® &4 g10] =R}
7| 28t NLDMOS 29X Sicll On/Off Timing Calibration2 HQHSHICE  Timing
calibration Phase H|WE Sl O|FO{X|H, Lock A|Z Target Phase@t AKX Sq9
Zero Crossing Phases H|w, XtX| HZE Sdoff OFZ2AX 22 phaseE X ECF A QS
= 7|92 At8% Zut, 85.7% BBHE 7t 0.5~1.2uH2| L10| CHSY link gaing |X|AIZ
1, Calibration 91+ Hlm=* CHH| Z|CH 48{2| Link GainO| 57t & 4-6 cycle O|LHOf| 4
A

JENO| =Eot= ZutE RRACL

#20-1= HKUSTO|A ZESH =F0|Ct 2 =F2 Implantable Medical Devices(IMD)2| £
|
Xl
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\Dloay Doy o [ LI L _ Ramp N~ on-overlapping N Vour
— ——000—
1 LY — 0, LI DN | e e
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Analog Auto Y e Swe ! L3
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Target Phase Generator
(] Ea " v
Fc| Veoors

s

A
A oL o7 '
\VJ é Phase | N2 FCstant

=  Comparator : R Current Phase Detector

ot Fractional-C =& AQ|X| S8 On/Off Timing Calibration 7|%

[33 1] fic TuningS #



#20-2= Sun Yat-Sen Ci<ful W Bt =&0|Ct. Multi-Output RX Receiver®|
Output M0 HA currentE METH & =2 MLl outputt] MFE HEHSI= A
2 It A/X|E M O{BtCt. Bootstrap- Adaptive Body Biasing2 &dfi 1.8vel &2 H¢
F 33ve =2 ™Rl Cross-Regulation ZHME et2tstn 2 output 7‘._‘|°.=.*01| sz

H
MF | dynamic rangeE S %11, average leakage currentE 2.2mAO0 Al 90uAE ZAAZ

q
[=}

Ct. H=st zero-current switching2 2I3ll dynamic delay compensationg H|2t5l0] & &
2 &=/, Input currentt 2 [ current sensor®| A 2/d5t= 71 propagation delay7b 2
W35HO adaptive threshold voltage generatorE M QtSHRACE 1 A1), &2 output 0
702mAZtK[C] MHE drivestR M, =2 output TYO|E  cross-regulation  810]

380mAZQ| driving capabilityE E-d5tRALCE

Vou:%X Mode Vor:¥aX Mnde Vou:0X Mode Vo_:¥2X Mode Vou:1X Mode Voo 0)( Mode Vou:0X Mode Vo 20X Mode 1 Bu I

Low-Side Comparator

Monte Carlo Results @100 Runs

Without With Proposed

General ABB Proposed Bootstrap-ABB “Proposed 8.a8B .)ﬁ“i, Delay Compensation Delay Compensation
Circuit (B-ABB) Circuit (Me2 OFF)

i |VONEN' IVOFFEN

General ABB Circuit Proposed B-ABB Circuit '

R
L Jf\r P -
~-650mA®-— .7~~~ Unnoticeable

| Me ‘ i Moo OFF J; _jp_ ————— - r
1 1 ~11ns ~2.2ns
Area Cost of Proposed ! Vint L n I L L

B-ABB Circuit Average leakage Current is reduced from 2.2mA to 90uA

VoL Reg. Failsl[

[27 2] HICtS= Bootstrap Adaptive Body Bias®t Dynamic delay compensation

UHIH O Z Wide-Power RangeE !
2 RX[E AFESHA El=0, H2 23 HY0AM
d2E 7MM2Lh O|F dfZstr| ff8f H2 U8 TYUHME =2 282
£ Transistor My11, Ma22 PMOS gate drive node®l| 3=7}SHSILE Rectifier PMOS
Xl= NMOS2t &7|=tE MEfE  On/Offétd, A= AC Current?t AR(X|Ql HE
On/Off TimingO| x| %S Al body diode0i| 2|8 220 IH &ALt O|F S A5t
?/8 NMOS2| On/Off TimingE Z=XE5t= Adaptive On/Off delay Gm-C based comparator
£ HMeorRAL o, My 29IX[7F HA AHAX[ZL Vact HRO| 02EH Wi 7= multiple
pulsing @M E SiZ5t7| RISl glitch offset2 F7t5IALE M QHStH= Rectifier= 2V Vac.pp
of &2 Y MY, 5000 ZE ZTHOA 18.14%2 T8 BT7HE 4}, 14V Vac.pp,
1kQ BEE ZHO|A 98.29% L3 282 FHSIRUCL

mIE

b W
do 4 iy 3o

#20-3% HICH e Of| A
==

=]
RX Rectifiere &2 Y2 It

o rir
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=
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Voutacoc Vouracoc
M,
_|q e AQ o
Mp‘ NMOS only NMOS with res pre-calibration!
i ——NMOS only
Mo Mogz ——NMOS wilh res pre-calibration
Ma10
M
Livas 1 H
j Voo sy "L Ly '
" ow-power level shifter S
i v, 08 1 12 14 16 18
! DW—pO':VE[ % QUTACOC Gate voltage [V]
1| level shifter PMU Vi
' Low-voltage Vorwr [ |1 [T 1
=== enhancement sv T | E:- I I
Bias voltage S,<0> ! T T
5 I oo Vacim — S | T
Voonsy B’ T
Mo Mz | x ! . o S.<2> 7 !
v S— N I
Vour Ve Voud ™ Vaw i .«—!.1-/. OrfpermpensstgrEn O“e'#%é‘:'%
i =] {SH] 9 Ve = Onofiset] Offofiset Gitchofset
i ——
L

L L Off-compensation paih

[A3 3] HQSH=E Low Voltage Enhance SW M,q, M1t Adaptive On/Off Delay Comparator

#20-4= Sun Yat-Sen CHSWO|M ZESH =FO[Ct e AQXE &Y M shoot-
through& SiZ35t7| ?I3l deadtimeO|2t2 -
ZA Zl=4, Body diodeE o MF7}

Mr
i
rr
>

N
ot

i)
E_I
i)

A2X|Q| On-delayE
2 28 daE oprloith 2 =22

|ok
nu
=
X

body diodeE conductiondSt= deadtimes Z0|7| ?|St on-delay compensationg |2t
Ot On-delay compensationdt 84 &3 &4& E0|7| {8 I AL{X[2Q] off timing
2 ZESt= push-pull gate comparatorE H|QHSHRULH Offsetg ZESt= WA22 C|X}
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