2024 IEEE CICC Review

DOt e BrEMA| AR St ghatary 4ol
Session 9 Power Management Techniques

O|t 2024 IEEE CICC2| Session 92 Power Management Techniques2t= FHZE & 7H
of =&20| LEE|QUCL O] MM AE switched-capacitor gate driver, wireless power
converter, low dropout regulator & CtYot FtZ&2| power converter&0| &0 E|RAL, F
2 Z4249| converter +ZS0| £t 2O 41 A= oS 2HEES st &
gz AF7E TAE|ACH FI

2%fl= FZ pseudo-adiabatic gate driver, class-G

digital-shunt-aided buck converter & 7|& FX0|AM EI|st MEEZ power converter

architectures & 7|22 0|55 &St YCt= HO| =g TSHLL

OF

3+

9-1 7|&9| discrete GaN & Si power device® HO|E EZIO|HE CMOS AKX 52
&9t hard-switching &AS AMESIE R, discrete 2Xt2| parasitic gate capacitanceE &
HAE oH X7 &H SEHOM HE ELECH ol2eh oHX| &42 FH HAHES =
2380 Hot a7t 22, 0] AR AME switched-capacitor converter® ARESH0]
psuedo-adiabatic gate drivingg TSI, 7|F CiH| 2~7Hf X2 AHE MY &24MZ2
SO QUCt Bt gate drivingStAl k[= power device 2AHQ| parasitic inductance &
resistance0il [M2tA HAHEO| % £ E ZEY = UALE 2SI, F7HHE
O|E LEZjO|H{o| iAot BREE T35t AO|E E2fOo|Ho MY 41 2 £k 7+
9| trade-off A E HOFRULCE

GaN Test Setup

1At 1i1IT 0
‘\\\\\‘ (11777

L'rrr_ﬂrrruu—

-
-
-
-
-
-
-
-
-
-
-
-

Aot HMetEl AOIE Ez2tolHel o




HMetEl AO|E EZIO[H&= 130 nm RF-SOI 3H2 2 A =A20, 00| A 5 VIHX| A 0|
E MYS =0|=0l 92 nsQ| HIWHX B2 A|Zt0] HRCL 2 =F0|M HetE AHOE =
|O|E E2I0|HEEC =2 d58 7HXX|T AHIHAIH S 2E AL
EUXAHER Q8 7[EQ| EMX|AH ALX| J|Ho AO|E E2tO[HELE {2 &

' = CHFE0| =XYoot D AO|E E2to|Hel S2F Bigtz QlsiM T
inductive converter®| &2%0| dgg A E|=0, 7|EQl AOIE EzZto|Y w4l CfH]
switched-capacitor gate driver?t M&| A|ARO0] O/X|= &0 Cist FIHEQl 2AM0| E

K5I}

u
o
rir
bt
=
N T

#9-2 & =20|M= bio implantd] AFEEl= 24 HH THWPT) 2|25 ATKHCE Y
& OfE2|AHO|Mo WPTE H|EEXHOZ bio implantt] HMHS 3522, 2
coupling factorE 7tX|= inductive link® F&E2 ©ESHA EICh of2f{er M FMEO| o

2 dAK

AE 133510 7|ELQl WPT 2|22 FE HE-IC #Z E& HE-IC +ZE
ACE X2 7|EQ| XS device breakdownO|Lt ME NME &8

siZ2st7] QIshAM [A8 2]2F 22 3-phase residual-free resonant current-mode (RCM)
71 FRE HCHSHALE.

4> M

Proposed 3-Phase Residual-Free RCM RX
LRX VAC P1 VDC

Output PFM Regulation
——s——r———————  Proposed RCM RX:

¥ Low voltage stress

¥ No energy residual

¥ Digital-assisted ZVS

¥ Power-efficient Vp¢ regulation
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Proposed Hybrid Buck with Class-G Digital-Shunt Stage

Current-Amplified Regulator Voltage Regulator
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Proposed Quad-Output Hybrid Buck Converter

Sx1, Sxz: Power switches

o P%arasMitfic Core Vin Srx1, Stxz, Stx: Transient switches Vin
V’ # L l l Lzt
L ETTT
X Parasitic inductance effects on chip. Sut ’—j Sn
X High routing IR losses. Crt Core Srit \ Sm cn
i o C
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X Slow transient response. Le T s | W8 Teu T 2 T L=
X Large power inductors. ""’MJL( Sris \j_lﬂm\_p.
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v" Dynamic inductor current allocation among quad outputs.
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VR1  Core#1 Core#2 | VR2

t Lat
Transient occurs at one spot, vm%
help comes from all quarters.

@ Bump @ Ball wm Capacitor = Inductor

¥ Smaller routing losses on board. ¥" No additional switch on the main power paths.
¥ No need for input capacitor. v" Switches on the same load chip, no need for post-stage LDO or power gating.
¥ Insensitive to parasitic inductance. v' Extremely compact solution for 3D vertical power delivery.
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7b A/ULE mEkM, 2 =20M= 718 M

w2 ne4st HE power gating & dropout
regulator X2 PDN2| 7|d M H&E& =0

MA W2 transient responseS AT
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Reg node

VREF_DIG

Processor

Reg node

m Comparator shown in picture gets the feedback VVDD from top metal layer (not shown in figure)

[128 5] & =20 XMetE 24t A S5 & voltage regulator T+Z&0|LC}

|

MIQtEl voltage regulator= power gatePt &SZSH= high performance 2E, & X|
regulator?t HEE ZZE5St= regulation mode, regulator node?t SZSH= retention
mode2tE 37tX| &% REE JRXICH EDH reference codeE T EENOLA regulationO
ot reference voltageg HddllF= X|H &a FZ(OLL) 7|Ee] CIX[E-Oofd=1
HE{(DAC)E &3liAl voltage regulator®| comparator S22 HMO{SICE 5 ZDE 44
mAOIA 315 mAZ load transient response?t = W, VDD === 38 mve| MY Z3}
QF 108 mvel HY ds5S EHOrh H2 FYNM =2 WYL=l DVS XM=
0.85us7t ZF 20, Hfz =2 LM K2 HY2=29[ DVS 852 1.06 us7t 2
Ct. voltage regulator®| HOf HAO| dynamic comparatorl AQE HHAZ Sot
regulation0|BE2 Z[4 FxFEC F = AHMAHIL @7&= THEO| AXTH load
regulation®il A =2 ds& ENQFUL MM Z=2MHAM O{E2(AHO|E0 Htst 24 ©

=

—
5 S5 Y= MUoiAttE "HolM 2 207 AL

d

#9-6 & ==O0M= AFHE GaN 29/ HE #HY|0f St MA7| ZHA(EM) MO
o

= (
oM H71Kte| eHg8dE ne{sty g

LAS HM oottt EMIe A8 BN A

Hoz AN |00 5t= RA0|Ch 7|E XFE 298 HE figs2 =5 BHE S
A EMIE YAH[SIRAL, O|F EMI BEES SHS=A| HAESE E422 2 &I
SHA|R, HA AtEe| A 4&0| AFHol| FelE HAE = A F2TICHHE, A9
o HE7|0f 2lgh EMI X0 S7totEZ, XEE OS2|A0Mezs i FZ HO



A0l & XNoSICh ek, 2 =20 M= 180 nm 382 SoiAl stepwise random
sampling HZHLEZZ HE%H 500 MHz ZLHY T2 F= EMI MO 22E HASHRALCE
=20ME 12 AOM 05 AZ & S 4
FRoH, HHf FZ KO HAS ABHSEE HOHE HO A2 XM =2

S Ciyst 280 HS 7hseh AIL"Eolar & =+ QUEt

#9-7 & == loTt 2l HRE OZF2|AH0|M0| AtEEl= 27T THE DC-DC Het
719 EMEEL HAS0| CHs 2|FSICH 2 =22 QIEH 7|Htol HHEHQF HIjAIH
7\9to] B EO| s dFStn, A50| 7t3 22X ZHEES HZ8st7| fIshAM ot
ob Ot7|EX S0| MQte|RACtn dFLE £5| AHEHet HIAIEHE &0| ArEdt:= dt0|
2e|E AWEHES Lot EO| AU, o & &N DC-DC Bz ArE|7|
Ole ™8 L7t BF5Ch= 2ME 2FSHRACE M2k, ST 7|8te] #Het7[S0] ME
A HFE|JALD, 0|52 gate driving EDH ST HAIS AE5I0] M 288 =0[HA
o U8 Y Lot FY5ittn dFot) oiX[atez x4 3-D 7|dEe| A 3|z 7|
0| 7|& & FAHE DC-DC Hetr|ol 22Xl ZHe 2 EF A+(Q-factor), =
= 57t A8 Mg, =5 £82 ¥2 04X L= 52 oy woto] 2 = ASE &
A5 L.
X XPE B
T ok AEw
- A & DHIfey StENA|AE IS gAY
S AEOF : PMIC & Ising Machines

°

°

e O O 2 :jamespul@korea.ac.kr
® =1 0|X]| : https://kilby.korea.ac.kr



2024 IEEE CICC Review

KAIST F7| LERB S SEALTIEY 240!

Session 16: Energy Harvesting and Isolated Power Conversion

Ol 2024 CICC Session 162 Energy Harvesting +=O0FAME Piezoelectric,
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Ct. Timing Calibration2 2 timing Errorg 7§415F0f [T 340kHz2| PZTSA, PZT5HS| VFE
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#16-2= Delft SO ZESH =FO0|Ct. 2 =& Piezoelectric Harvesting Interface
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Cascade EfficiencyS ZHAA[ZI =&O|Ct. Single StageE2 TIHHF2EM Piezoelectric
Transducer (PT)7} 2443t Power & (Per)O| F3H0IA 273 Power (Pioap)2CH ZfAHLE 2
MY Y ddS ok O 20 LIEFLHRACE PerdhOl Pioap ok

| MEstH, 2 4 Storage Capacitor0f| QI EO
X ZotCt EEDH Duty-Cycle-Based AlgorithmOf| 7|8t Fully-Digital Fast
MPPTE M|QtSHO] TA| A|ARZ HASIALD, 92.5%2| End-to-End EfficiencyE H-HSHY

§ystem topology

Phase  |EnergyFlow| Mode

Flippng | FlpVer | (a)
When PT->Cour |(b).(c)

Per=PLoap BAT=>Cour | (d)
When

Ppr>PLoap

ystem switching working modes (d) energy: BAT>Cour (e) Vpr>0, energy: PT>BAT "(f) Ve1<0, energy: PT>BAT

[A3 2] System Topology % Ppr, Proap H&0]| [E Inductor Energy HE 4

PT>BAT | (e).(f)

o |[Power Transfer|

#16-32 Macau CHSHO| A ZHEDH =FO|Ck EH £0F2| Constant Energy Packet Extraction
(CEPE) MPPT &2 DCML =z QIHH TRE 510 TESIE, ton0l torr 2Lt S| 2
8% torr0lMEel OHX[E FA[StR ZASHY -t O|HX|E Fot0| HEAIFA, tondt
Vinll &=0| Y™ 7MY ot Fotof 2 Packet & CountingShO Z|CH Extracted
PowerE HEHSH= &HAlo|Ct SEAE ZHAHEHE &8 towVnOl EESEE Vs
Regulationdt Hill-Climbing AKX & HMotel AlZh Qtof 7+ B2 PacketE T ESI=
SHES &=t 7|&FQ| CEPE= VCRO| &2 Z20| &AM ®ESH= ot Packet2| Energy
Of ZAMX|F HH Ztel AVt HX|=H|, & =22 Y2 VCROME EHE2 2XE 7HK|
= torr Compensated CEPEE A|2t5H0 wide-VCR High MPPT EfficiencyS =33t SILCt.
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2 =2 Open Circuit Voltage (Vo) 22 =2 Flipping EfficiencyZ I8 A
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28510] Dual Output Rectifiers 45t 1, MOM CapacitorE 0| &30 SSHC-P. N Cell
= 2™ THBI0 HASIHRULCE Positive/Negative Phase [l B15l= C;gf0ll 2I8l Rectifier®]
optimal Cut-off Duty CycleO| 50%0A HOILID, & Phase0|A| Rectifier2 Conducting &2
T 2ojLtE B22t Negative Phased| A= conducting0| YO{LIX| = A2 MPPT Cut-
off Duty CycleO| H2tX|{ O|E FFSt= MPPT Logic2 MQHSHRICH O Zat 99%2|
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O 2 AMBdl= SSH Rectifier= &2 Voltage Flipping Efficiency”?t 275X &
O| 49| VFEE Maximum Power Point?t CMOS2| Breakdown voltageE HO{AM =
A0 low-Flipping Efficiency= AF&3IH CMOS Technology® Designdt?| = oL}
=2 Flipping Efficiency2 QI8 Output Power Za= =7tL[SICEH 2 =22 7
RectifierE XSt low Flipping Efficiency2 QI Y’ dst= 2 Flipping LossE &
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#16-62 JUS7|=01S/CLT  MicroelectronicsOf Al 2ESH =FO0|Ct 2 =22
Galvanic IsolationE DC-DC Converter2| Regulation2 98t RX to TX Back Telemetry 2 A
LSKE A% [ LSK AlZQF Common Mode Transient A3 E 2% £ Qe EXNE
s Z4st7| 213t Common Mode Transient Immunity (CMTI) 7|82 X QtSHQICt Ofzf &
34k 20| Output MY Hysteresis Window LHO|A Regulation=|D, Hysteresis Window
£ HO{E Al LSKE &8 TXE Over/Under Power &EHE TEHDICE O] I Common
Mode Transient2 QI8 LSK M=z HSE F25t7| @Is F 742 ThresholdE 7+%
Comparator2 LSKet %2 CMTE T&7tsstA st 2 CMT M2 E F&, 4 Al
LSKE THS 3 FAlZ = JA=E HASIYCE 2 Zat 30V 7t&2| Ground Potential
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Proposed High-impedance LSK with Passive Rectifier
CHigh T e
i{Fake Signal lgnored):

L

cis0) 100000 X 000000 Y o11111 X 000001

Case @@ Steady State Case@)@ Steady State Case@@ Load Transient Case@@ Load Transient Case@®@ Load Transient

A lower common-mode transient A higher common-mode transient LSK signal interfered by common-mode | Common-mode transient occurs at gap Common-mode transient signal is
cannot trigger both comparators. is filtered by comparator of Veer cn transient will send again. time, operation continued. filtered by controller in Tx.

[A& 3] Back-Telemetry Global Regulationg ¢|%t LSK2t CMTE &6 st cMTI M

#16-72 STUME7| S04 SH/CLT MicroelectronicsOfl A ZESH =&0|CH 2 =22 High-
Voltage isolated DC-DC Converter?| TX THO|A 2 ®& ~EE XHX|St= Gate Driving=
=2 Power Density?t 282 7tS5HA St 23l Aux-Substrate TransformerZE &-&dH
5V S ddste UHEE MOHSIACE A ARl 24vo|M 5v HRAE BHE A| LDO

= = | — R |
E MBY 42 20%2 B2 & ¥ 45 LUAFIX|E Xetste HHE ALY
Al Bt2 BIYOo 2 79%9| 82 YMSIUD, Adaptive Deadtime M OIS Sl 73%2| %
Of 838 g 282 FdsI%Ct

#16-82 Fudan CHSMO|AM ZHDH =&0|Ct 2 =&& Medium-to-High Power
Application0f X&tst LLC ConverterE Hybrid Hysteretic Control2 HO{® Al E0{X|&=
50%2| Duty PulseE Trimmingdt= 7|E 2 HQtSHRUALE RampE & -d3t= Current Source
O| Xto|Qt Pulsewidth®| Xt0|0| 2|$t Duty UnbalancingS MAH3E?| I8l RampS H-43}
= Source/Sink Current Source0f B FFRAS FZESY F FF 0| LFSIER
Negative Feedback® &30 50%2| Duty Balancingg HZFRUCE £ Light load A2
222 TMAIF|7] 8l Burst Mode Control2 SESIEE MASHSICH 1 ZA1} 5.347us
4.878us2| DutyO|A] 4.91us, 4.87us2| PulsewidthE EAIF D 390v ¥ HMY, 24v &

2 MY, 0.1A F5I0|M 88.37%2| =2 light load efficiencyE E-&5HRACE
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Session 22. DC-DC Converters

Ol CICC 20249| Session 22= DC-DC Converters 2t= FHZ & 8HO| =20| LHE|Y
Ct. Inductor loss& ZO0|7Lt Transient responseE WHEH dl= & e
DC-DC ConverterOff & El =30 A7HQUCE

22-1

O] =&2& University of Science and Technology of ChinaOllA] ZHDH =F2Z Li-ion

batteryE YHOZE St= A|ARIO| AFEE|E= Buck-Boost Converter0Of #EE =F0|C} 7|
Z Buck-Boost Converter= EfficiencyS |6l modeES LiF7Lt volumeol 2 2HHE A
5t UARULCE oo L2 ZE WS Al X7 Ll = A0 HAHO| HOoZICh= t

Ho| ULt 2 =z0M= olg{et EHEE 7457 28 Single-Mode Always-Dual-Path
Buck-Boost ConverterS HM|Otst QUCH & 10N & £+ U= ot REZ SESIH 2

E gg Al 24 + Aes ZHE el HR pathE & 2702 7H47F AHE H

n

V'" S O_Td, Normallzed Inductor Current Normalized Conduction Loss

7P CEECsmmm[6]CICC22 - —A—[5]VLSI21 —e—[6]CICC'22
V. 25 o 5]VLS['21 =——[4]ISSCC'23 “‘5 I \ —w—This Werk
OO\S‘ o 5 s This Work EO 1
z _ DCR=5Ron
CF 20 IWlour=iW+1) i S
3 =
CoumrRou E 5 1 =S
=15 38 -H—‘_'.‘.‘H
- T low=M i \*&t‘_‘_“_‘-‘_‘
1 @ 4%
b e \m==1‘r.1 e ——— 8 S “'““v-t oy
- — S T Y Y v vy vrrvy
. 05 Nour=(M=-2)/" Néur=(M+1)/ 06| =
Single Mode Buck-Boost converter 050 | Mlowr=(i=2)3  flour=(i13 &
© No mode transition issue 26 28 30 32 34 36 38 40 &2 6 20 30 32 34 36 38 40 42
© Reduced inductor current (I.<lour) Battery Voltage (V) Battery Voltage (V)

[33 1] 22-10| A H|QtSH= Power stage®t =2 X|E H|I

22-4

O] =& University of MacauOilA| ZHSH =222 F7| X&KLl USB-PDRE 20| 48V



HYe Y™HoE St A|2H0| AHEl= DC-DC ConverterOf & E =&0|CH 7|&ES
converter=2 High step down ratio &20M &2 224t &8 L E AESt=0H 022
O] AULE O] =22 18 20|M & = AXO| multi-phase 522 Sl capacitor?t L7
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