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Fig. 1. Time-multiplexed IDSM-based neural recording front-end architecture

(top), achieving rapid artifact recovery (bottom-right) and boosted output SNDR

(bottom-left).
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Fig. 3. Block diagram, circuit implementation, and working principle of the propo-
sed reconfigurable charge-pump-based near-adiabatic stimulator.
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Fig. 1. Block diagram of the prior TD ADC (top), hybrid TD-VD

ADC (middle) and the proposed pipelined hybrid TD-SAR ADC
(bottom).
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Session 23 Cryogenic and Silicon Photonic ICs
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Session 4 SC-based Power Conversion
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' il ~  Conventional Step-Up Regulation Scheme w/i Shunt Current to GND
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Boost Converter Stage with Control Loop & Start Up LDO Stage with Reference Generation & Protection
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ha Normalized Current Ripple at Cour

g = BN S N i
= IN“4Vour i k
T_—"._rdjlzrl = Lk = &

T S = LIR |—> Vour
J_ Ss i ‘L Cour iR_o«n i
L2 = = P 1
Ssi L : 0 5% _10% _ 15%  20% 25%
= Duty Cycle

@ RLBC achieves ripple-less only under spedific Vour/Vi ratio

Steady State Transient
A

CurrentReplica Cr1 S

r—I—' fe—ovi| It It

Ch M 1/ Sssi/Ss T 2 ; : ] : Iz
AAAS I P — >

I B Ss2 Sz\ﬁ I

Vin Vc-urv J2j | ol ) l tlr W: t

Inverse Ripple

Generator 4, Using conventional
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i | B > |
laz [ ¢ {S& Ss Iz Vourf_\_(_r t
] ) | ' _% I Cour Using tonventional TLVR
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@ Secondar @ P4BC achieves ripple-less

@ P4BC achieves fast transient response
(38 3] () 7IE2| Ripple-Less Buck Converter (RLBC) (Of2l) #9-30A H|Qt$t Pseudo 4-phase
Buck Converter (P4BC)

> 1

otz 18 4+ #9-30iA Qs P4BC2| MO 2|2 W inverse ripple generator®| X2,
load transient &AMl A mHEg HOECEH HA MENNME coupling @ E-IE10I
CLIF CLO| ME7J} 0AC DC MEE L, Lo M7 Z|=E2 MMt =3 MY 2=

X235t & inverse ripple generator?t SAfSHCt BHH Eop BisEIL HAWSHH transient
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S5 HRI0M 2| o 2aE RXISIRCE Ot 22 2|2 7|#MS S HeHEl P4BC
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Controller of PACL
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Session 16 : Application-Specific Power Management

O|® 2025 IEEE CICCS| Session 162 Application-Specific Power Management2t= FX| 2

E 8HO| =F0| LEEUCE & MMMz LIDAR A|AH, MUH 2I&7|7[IMD), LM

719k oA X| SHHAE (PEH) 2|2 & CrEet 88 20f0| ME8E|= PMICO| 7|&E 2HME

22X J|¥E & sHZ5t1X}t St= 20| Sele O|FIULCE £9| LIDARE T7|4AY,

2, 22X 5 0o 2o ZEA &850, 22 MY 22| 22 ZoME A

A7 2| Tz QUCE O|H MA0M= LIDAR A|IAEHE 2|20 2ot =&0| 2H
&

= ElRoAM= O|=0 CHal ZHEfs| &

@)

#16-12 lowa FEOSHI BM & A720M HES =222, HiE2[ 7|2 LIDAR
A ABI0|AM AMZE|&= SPAD (Single-Photon Avalanche Diode) EZI0|HE 2[3h HE|Z|&
My el £ MostYich 2 22 MY 321 quenching 2|28 &SR A
ABLA 10nse| Z1% dead times FEHLZM, 7|E Mol 7 =25 AW 2
overshoot 3 undershootE ==5t1A}t StRULCt Of2f & 52 &
AMAEZ charge pumpE &%t =2 H®ES 0|85, MY et H|o| otA, =g 8H
&£, 2 28 MY 2|8 59 EHMZ 28l SPADS| 20| £QHE35I dead timeO| Z
OX|& EHEOl Lt & =&0M= olg|st 2ME &5t ¢

o o HEj0M= charge pumpE S LDHYS WHSI, O|F RUH=E &=
pixel £t2|o| MF 3 LDOZS 0|238}0f SPADO| dark current® 3g5dh= @Al
O}22, dead time= X|A3}5E7| 8l avalanche 2 Al MY droop= ZX|St4, charge
pump =20 HZAE group U global LDO7t 0| 58X E &8I0 quenchings
WSt 22 7|HE S HetSHULE
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Conventional SPAD Biasing System [2] [Passive Quenching[5]  © Simplicity
¢ b €7 ® Slower Recovery
Vear Charge Pump 1 i l A ' Time (~5RsC,)
—l—/—l—/—l—/—l—/ T2, ; } @ No Controllable
2 BN ) Hold-off Time

n N I
il B Quenched Recovered & Large Resistor

¢ ¢ ¢ @ =
@ Fixed Voltage Conversion Ratio (VCR)

Active Quenching [2,4] © Controllable Hold-off

Vo Ve -~ Time
(@ Limited Regulation Range and Speed T W@ Charge Pump Limited
@ Large Number of Caps for Higher VCR 1 | B
ge Nu ; P ] V L_.‘l 1 © Two Supply Rails
@ Large Output Ripple + Thow " @ Possible Overshoot

Proposed SPAD Driver with Multi-Level Power Management System
© Fast Recovery with

Ext. Cap.

Group/Global LDO

: [Hee) or - © Simplicity with Supply
H é Global LDO Vi Built-In Quenching
; Vs @© Fine Regulation with
E TBax64 LDO for Fast Recovery NAP Small Vour Ripple
i For with Al :
H iale’ H Continuous Hold-Off
g Dynamic Zone Mngt. Pixels - L Vrer Each Pixel |[] © TimeICl:)nltjrol
Pixel LDO
(Weak LDO Snap Sw. Io /\
Ver to Maintain v
Dark Current) Vs .
L T
(CP) I \: i || Voroefor
= Drop Sensing & Hold-off ] Quenching
© Multi-VCR with Different Vaar Time Generator Thow
Less N f :
© Less Number of Caps Snap Switch ON

71& 2019'" TCAS-10 27iEl SPAD Biasing system (Ot2H) #16-10{A X|QtSH SPAD

driver2 2|3t multi-level M2 Zt2| A|AH
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: —_ Vrer Inv. Based Droo Group/Global LDO -
Pixel LDO "y, (from cP) N & Detector for : -
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VRer e 5’; """"
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Output: E Snap Cui-g pee

Ve —t Sw. T SPAD (Cufor Group LDO)
1] 'J_L . el
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ThoLo Programmin can sink current RS
HoLo Frog g ( ) SNAP ;: it
Dead Time for SPAD:
Avalanche

Toeao = Tauench + ThoLo + TrRecover

[1& 6] #16-10|A] A2+t SPAD quenchingilt recoveryE I3t 3|2 U & 22|

#16-32 Ot7LRCHE W9t UM Hetao IC Research Institute, 2| AECSHI0A EESEH
O8, XA}&XHE MHz FIt= LIDAR SA7|E 23t 1%, n™MFO| gOojx A
test 3TY YW-BAE FHI|E N QHSIRULCE LIDARE AHE2FAXAE, EE
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LiDAR driverZ} R:rLE._|':|'. otz 2& 79|
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A ClHfO|AQ] DI AEHAS WXGHs HH0| UYL LY, L L

Al = S s A
Cle= & HMAIEHIL ZRstH, 0|F It A™Y source?t 2T, 9111H*| 1 el
Al Ed3t= hard-charging &41F & EA = 09| trade-off2 QI8 1% FS0| A
ofo| AJULE ot 7|EL| ZHMEE I HSILAL 2 =20M= 18 79 OfEHﬂ 20|
7PN QI DY source@t H{A FIYAIE{Q| hard-charging £10|, HA HS WEH £
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Pulsed-Laser Transmitter GCIEEI R Conventional Capacitor-Discharge-based LiDAR Driver
(TX) 5 ¢ A A © LowstressonD. & Sp
«ne’ O—© ® HV source is needed Vel [ ¢
AN 3 .

48 ® Hard-charging loss
» 1 ard-charging los: j
QO T Tore e v,
Optical Receiver (RX) ©O—0 Ren v :
TX/RX Case 1 Case 2 VNG > L;rae ® Long Vaus.
Signals N I Apsi > Apsz Aps, el o en i,.¢  recovery time
PS1| il <
lll| twr tw2 _1 i \ ; curent I “V:” ‘ T.ﬂ‘,
tos tn = b ) ¥ [ Small Rox_|
® Long detect‘ range ® S!wrt det'ect. range HVSTX P/owar T Small ® Limited pulse-
© No signal aliasing  ® Signal Aliasing! upply Veri» 3 Sp Ren ¢  width sharpness
Proposed Resonant Buck-Boost Bus Charger and Switch Operation States
Vin (40~60V) D; D Caus Charging Phase ®c
- | 1 2| Vaus (30~110V) V= 1,0)
S;I Ss Boost | Buck Boost | Buck
Si| OFF | ON Si| OFF | OFF
Sz| ON | OFF Sz| ON ON
Proposed Resonant S3| ON | OFF S3| OFF | OFF
_T_Buck -Boost Topology D:| RV [ RV D« FL [ RV
D:| FW | FW D] FW | FW
© No extra HV source ~ © Fast Vays recovery ) Standby Phase ®s L Deenergize Phase $o
© Vaus<Vinor Veus>Vin ~ © Relaxed DL & So (Vern = 0) (Ver1 = 0)
®© No hard-charging voltage stress Boost | Buck Boost | Buck
S¢| OFF | ON Si| ON | ON
S>| ON | OFF S; | OFF | OFF |
S;| ON | OFF S:| ON [ OFF
Di| FL | FL Di[ FW [ RV
Al s D2 RV FL D2| RV FW
(Always S; off) *FW: forward conducted, RV: reverse biased, FL: floating
(38 71 (%) 7I& HIAIE L™ HAO| LiDAR driver®| st (Of2f]) #16-301A HQtst S71H o

HAE HA FHY| RE

Ofgff O3 82 & =20|A Hotet 3T H-BAE HA SHT|9|
Ch. & &&= Y EEQl EAE HE DEOA &0
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Bl M3 I8 phase?t, £AE REOAME F7HHQ
gEict &% o2 ¥ ZEE MIEW 3ot Zoh HA
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e Sof, e == ERo nTY 2L A HIFAEL| hard-charging 810
IHF 228 EHeR ddoiH, 7|E LM X7 =EI/UE hard-charging®l 2l
o £2E RIHCSZ HAAZACL Oh28, 7|E FZ0AM DTY source@t HA FHIfA|
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Buck Mode Operation Principle Boost Mode Operation Principle
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Viv =1 o Do Vi 0 Dy
Ve S: Vez S3 T
-Iqs’ L CausII i _I 2 CausI
j n = Vo =
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Boost Mode Waveforms Buck Mode Waveforms Vaus Recovery Comparison
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Cous SOt~ T Ty ey -
c;::ging roc;'cle Cous soft charging 8 3Time (352) 34

[ 8] #16-30| A H|etote ST H-FAE HA SH7|9) % 2| & Ot

HMAEE

oles uAtIE CHetel

2l 4

Az . TSR

ALEOF : Power management ICs
MY : uknow@korea.ac.kr

S| O|X| : https://sites.google.com/site/kubasiclab/home




2025 IEEE CICC Review

noitiatm B UHAEEE ALY OHXlS

Session 24 Hybrid DC-DC Converters

O] 2025 CICCO| Session 240 A{= Hybrid DC-DC Converters2t= FHZ & 4HO| =&
O] &tEE|RACt O] & #24-12 hybrid converter®| LMD MZ2 FoMS HA|SIS OO
#24-32 O|OJE MHE conveterE ZHEHSIULE KETH #24-5= ZHIYE buck-boost

converterg ZHESIALCE

#24-1 =22 switched-capacitor(SC)2+ QIS E 7|Hto| AxE ZATsH
buck topology=& H|W-Z45IRULt. 7|E2| buck E+&= SC 7
AE ==°t7] 28, AHH fIXE 7|[EL22 #Z& G2 20| 2&/5HZLE: Inductor-
last, Inductor-first, Inductor-ground, Inductor-parallel, Inductor-middle. Zt T+Z&= ?IEH
of MR AER A, £ 2|2, VCR 59 ATOIAM HEES JHEICH
HE =0, Inductor-last T+Z== Y 2[S A9X[2] MY AEYAE EY 5 Us ¥
Hol AUXTH AEHHI =5 TR/ PHME HIoHor otot= FEHO| AUCLH EHH
first 7= Y8 MR gKdE =2EY = A0 EMI M0 F2I5HK| T, M Hetd|
C
o

7t MetH0|ofM Lot S80= FHYSICH=

il
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—

o U E A 12{3t pre-design FoM A1} topology 7F

Lot O] =20M= 28t ©
Atf 452 HTE 4 U FFEE FoMS HMABIC, MEHO buck TE CHH|
hybrid T+22| 2485 YN 2 Z4o3lLt
Inductor-Last Topology Inductor-First Topology
Vin sc Vi sC
-L — o Vour — o Vour
- Lm‘— -
i 1) v 1
(a) . = (b) - -
Inductor-Ground Topology Inductor-Parallel Topology

AL SC Vin

afs f%
o £ ]

Inductor-Middle Topology
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_L SC SC
- o — 0 Vour
S | S
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(e)
[3 1] #24-10|M K AlBH 57HX |2 2Ft
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(a) Basic SC + Inductor Family
Three-Level Buck

T”

(b) Dickson SC + Inductor Family
Hybrid Dickson Buck

(c) FCML SC + Inductor Family
Kybnd Flying Capacitor Multi-Level lFCML)

.H,I L]‘WL

(e) Series-parallel SC + Inductor Family
Hybrid Series-parallel Buck (HSP) Duak-branch HSP

Vm'K 'KV:
ddcdie I

Vi

—

Double Step-Down (DSD) Buck

(1]
J. Huang, TCASI ‘22

" Further increased lour

P Auto Inductor Current Balance

T—Fwi

RDas, APEC '19 (N=4)

N. M. Ellis, TPE' 23 (N=6)

Y. Huang, JSSC 23 (N=3)

X. Zhang, JSSC’ 24 (N=3)

(d) Fibonacci SC + Inductor Family

- v
M. Gong, APEC 23

c
gakal “] Te -P P E JI ix
C. Schaef, ISSCC 19 N=3 z
X. Liu, TCASI 16 Auto Inductor Current Balance 1 I Z l I\ I\ L 1
Reduced Ground Switches P Assem 55020 C cted FOML ybrid Buck i I HES L
Two Capacitor Three Lovel Buk W Enhanced Output Capabilty (o) 5.5 Amin,JssC1e. |8 T
Vix Dual-inductor Hybrid Dickson Converter (DIH) Enhanced Output Capability 2| | A .
e i (,.I e J—— . i Duakinductor HSP i
e plllE : ‘ - S el L7
c glg
L s Vour ol wu g
- - I -1 l l
ADI, LTCT7821 18 L - - .I, l I H | |
‘ Enhanced Output Capability G.-S. Seo, ECCE 18 -l- l C. Wang, TPE ‘21 .

C.Wang, TCASI 22

fiie

Z. Ye, COMPEL ‘20

1

T. Hu, JSSC 23

Il':( [ Series Capacitors Buck (SCB) Symmetric DIH (SDIH) Ve, Fiybrid Fibonacci Buck converter (f) Ladder SC + Inductor Family
L I Vi t.(.,_r( l_.( Vour| | [Hybrid Ladder (HL) Buck| Symmetric HL (SHL) Dual Inductor HL (DIHL)
I R L i__c'm Cam CWJ N " Va {_Iv—.l\
cva I i [—'{ -E-( —
L - c, L L_im Cons h h I c, ‘l ?
- . I
K. Nishijima, INTLE" 05 ! h " r—l y b E_-L g Cu [ ! [ g ! ]
G ocences R md st R R e IR A
Symmetrical Double Step-Down (SDSD) Bl i i = I § §
y P Vs, Dualinductor Hybrid Fibonacc Buck 4 L |3 g
o § :
ﬂ i—_l 8 Ca
v, L Py L 2
L
ou

A. Abdulslam, JSSC '19|

‘ILI

i

A. Mishra, JSSC 23

(28 2] #24-10| M KM AISH Z7|Z2| Inductor last hybrid topology

#24-2 =2 HOIH MEHOXM ALE 7ts? DC-DC HHEHE HeHSHRICE HIO[E MEH

multi-core CPU % GPU2| AFE2Z QIs 100A 0|42 high current 2F 1000A/ps Ol
[e] 2 tEE 7[E2] hybrid converterlt LLC converter= Zt
heavy load 2Z0A= 280 HOf

ULt O|F a2t/ Qg = =22

EM2
o=

1% |oad transient

J}'_ ox 1r

© [CL Lo
4T BT

k=21 conversion ratioE M|&3tX| T

X voltage regulation capabilityOl = @HA|7t

double step-down(DSD) converter?} LLC converterS 8&3%t MZ2 3I0|EE|E EEZX]
£ HCtSIULE FMCHEl T2 2029 FEE A0 FotHA, EMXAE SH Hs E
ot IH FHEICH steady-stateO| A= flying capacitor Y22 LLICE T8, EX|
HE oAM= Y TYS AE LLCO| 27I5H0] voltage droopE X423t A0
Ct.

O|2 QI8 70A/20nse| £3I Mzt ZHONA TR undershoots= 7|E 167.5mVOi|A
S51TmVE ZA5HH, 3H] O|d 7HME ds8 HHSIRAL 28 FHM= &3 Y VO

=1V 7|F, 248 ™YO0| 48ve [ 89%, 60VY M= 86%°2 = HOo &Lt

S5900
2=



Proposed 48V-to-1V Hybrid LLC Resonant Converter with Transient Enhancement Phase
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#12-2 £ Peking CHSO|A EEE =292 |oT, 2|Z, wearable S0| AME|& energy
efficient®t CT-based?| tracking-zoom sensor T+=E& ZHHISIYLCL X QHst= 2= =2
SeEe X 8888 25 7| 8l zoom architectureE A{EHSIF M, AT loopO|
artifactsOl 9|8l saturationZ|= A asynchronous SARO| SZt6l0] EEMOZ HE
recovery T=¥otCt Fine-quantizationg ¢|®t CCOE current-reuse 582 &= floating
domainOlA{ 24510 energy efficiencyE G2 S7HAIZI FO| XtdztEl EZFO|CH
Capacitive DAC2| matching2 ?/8i SARI} CCO DACZ layoutOfl Al QIHSIE=E HiX[SIRY
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O HiX|A|ZACE Prototype2 4.82uW2| R ARt 183.4dB2| FoMgpor' & EHHSIR
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ne > > >
S S N =3
Example #1 of Touched-Channel Selector. | Example #2 of Touched-Channel Selector.

(Rxt R): 011111 $1(:5) o Wi (=10) : (Ret Rea): 000000—>[ S | 1 (=0) & Wi (=0)
(Rez Ra): 000000—>{ X }>5: (=0) 33D > Wo(=5) | RaRok011111>[Z]>5:(=5) 33D >w. (=5)
(Rxs Rxa): 000000—{ 3 |->5: (=0) 223@—» Ws (=0) : (Res R 011111 3 | 85 (=5) g; Ws (=10)
(R Rs): 011111 5:(=5) g 3> Wi (=5) : (Rt Re): 000000 3 1> S (=0) &' 3> W (=5)

[ 4] 2 =20A H2tst Energy-efficient Touch sensing algorithm

L

[1] N. Butzen et al,, “Design of Single-Topology Continuously Scalable- Conversion-Ratio Switched-

Capacitor DC-DC Converters," IEEE JSSC, vol. 54, no. 4, pp. 1039-1047, Apr. 2019.
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v Circular-type high-Q mm-wave inductors

* CMOS CORE#1
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[14-1] The proposed dual-core circular-inverse-class-F CMOS VCO.
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[25-1] (Zh Multi-phase clock distribution for high-speed wireline transceiver.

[25-2] (%) Overall architecture of the proposed TX.
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[25-3] (ZhLow-noise BM-RX AFE topology and RF path design.

[25-4] (¥)DAC Driver overview, including off chip data predistortion, test ring memory cells, clock

input, serializer, half rate driver and VCSEL with AC behavior shown.
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[25-5] Schematic of the proposed BASS-PLL (top).
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Session 31 Energy Efficient Wireline Interconnects
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#31-1 2 =22 16nm FinFET 3PS 2 A E 42Gb/s PAM-4 34 EHAIHE X 2t}

QAL 71EL HET xME S2IIE UAHSIH, 7|=E Y MY ZHHWE O|SAl7|=

Consecutive Symbol to Center (CSC) QI Y1} HAl2f'd 7|dte] 2&F 7|2 &SIt

Ol &dli 26dB2 &2 ME HHE RMELE HAMSHME o4HX =2ed

(0.055pJ/bit/dB)Z 7|E CHH| oF 2 TFMA|ZACE HQtEl EMAH = F7HEQI o221
L

S2t7] glOo[= BER<107-112 RAISHH, H2 X A7t F O OHX| 28dS SAl
of -5t

Conventional: ADC-DSP Based Equalization

DSP AFE DSP
D»|[Muli-Tap N:1 DAC CTLE + ADC Multi-Tap
FFE_ | | Amp |FFE+DFE L

Proposed: ML Inspired with CSC Encoding and Classification

7
Deskew
2
“ csc |/ PAM-x Feature " csc Z["I
Classlfler
Encoder SST Dnver Extraction Decodel g o ) {] ctock [}
.

Low Laten:

l( Encoding Table Decoding Table

)

: case x[n-1] x[n]yin]!
I %3 3,43

D
Case Z[n-1] T[n]|ZIn}MSB LSB 17,
Cl x 3131,
c2 +3 03!
c3 x  +1.5 +1 :
C4 +15 0 |+
cs x 54|

1 .
Die-to-Die Interface Key Performance AASScomRACK Lae for UCl Compattalty

. LS

0
C3  #+1  +1 I+1.
0

1. Low Power Consumption — RX with DFE-Merged Charge-Steering Sampler (Figure 2)

o
o
*

5

2. Low Latency - Unmatched Clocking Architecture (Figure 3)

3. Noise Compensation - Track Control for Background Calibration (Figure 4)

[31-1] (EP)Conventional wireline transceiver and proposed wireline transceiver.
[31-2] (%%)Proposed 28Gb/s/pin Low Power and Low Latency Transceiver
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Transmitter Receiver
2xWH2 Transformation NRZ Mode Receiver Ul = 1/Baud Ral\e
_— —_— o — -
M +#|o o vem | G [— S Se-Cimmet 0 'g:'
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A afo o ff e | ST L. smcem |8
i Term. I > i o
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* WH: Walsh-Hadamard Transformation * 2xWH2: Two WH2 transformations running in parallel.
* WH2: Walsh-Hadamard order 2.

* WH4: Walsh-Hadamard order 4.

[31-3] The proposed dual-mode receiver: (a) the conventional NRZ mode, and (b) the ENRZ mode.
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Data coding algorithm of proposed eTI-MTA codm_g
So1 Se1 So2 Se2 So1 Ser’ So2 Se’
X o) X D54 X b33 X D1 X r= 100r01 X 110r00 X 100r01 X 100r01 )(

Flip MSBey'

X o] X 10or0r X b2 X 100ro1 X

LSBegr' LSBe2'
XOP[1] - XOP[0] RS
)( oi76] X Dp4 X 032 X D[1:0) )(
St So2 S’ So1 Skt So2 Se2
< Encoding > < Decoding >

*Encode only even-numbered Symbols (S, z 5 Se.4). Odd-numbered symbols are bypassed.
[25-5] Proposed eTI-MTA data coding algorithm.
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Session 3 Voltage Controlled Oscillators and Power Amplifiers
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oy (1555
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Self-Mixing

VCO core + self-mixing

* No extra active/passive components are used.

[12l1] “3.2. A 4.6-6GHz Self-Injection LC Oscillator Exploiting 2nd Harmonic Extraction and Self-
Mixing to Achieve 5-35kHz 1/f3 Phase Noise Corner and 201dB FoM; " &



#3-3 2 =& Tsinghua UniversityOil Al HEE HFZ 28nm bulk CMOS 382 At
D-bandO|Al SZ}tE 16-way Power AmplifierS AA$ Z0|Ct D-band2t Z2
A0 = high path loss2 Q18] =& =3 T0| ¥=H0o|H, O|F {3 Ct+=2f PA
A0 E ZedSt= power combining 7*&7F Wy 7|2 FRELD L 2 =20Me
7|Z& transmission line EE= transformer 7|8t XA ZHHMSI= insertion loss, &2
common-mode rejection, 12|11 layout HICHE EHME S{ZASH7| ?I8i, EMCC (Enhanced
Magnetic Coupling Cavity) 7|2t2] M{Z& power combining & & X 2tSHRALE EMCC=
4o FAHR OE T Ato|el =% X7 Ags 8t MRE E8HLE ZUdH,
cavity S82| virtual open E2E 8o A= Fd=E 7t isolationg SCH=ISID power
leakageE Za-olotCt 3 8 =
ground CPW 7|82 X &8t =
Of 16702 differential pathS 1Z2H ZATg 5+
He HES mat 850 D-banddlA Ll 2 ME =4S ZASIQUCEH O
21, = 2Z& 104-132GHz O 212 dBme| =8 Zof H

=X
=
OP1dBO| HHE|0| 28nm bulk CMOS 3°d= 0|&%t 22T UM X1 ds2 ZHSHFLCE

0= EMCC 7|8t power splitter?t staggered power-
RXA, MM F+Z2E= 2-stageE2 4 E|
g dAFQUCL 2 M7 2= F

2

2

[
N AT

£

ot

Connect
EMCC

Ilnput CPW Based'
| on Staggered :
| Power-Ground :

|

! Technique

)

3

eeseee
[
|
I
|
|
|

g 1
V)
o em o ] = - (—l—l‘l-l—) EMCC = : (9]
l ' o VDD ‘
— -EM Cb_aged_ =9 B NN N
n _PowerStage ' ||| Ao
i‘ Connect
(2} em e I e - em me (I - - EMCC (2]
| ) to VDD
H " Gain stage
H withGND H B | p—————————]
5 Enhancing : :Input CPW Based
= “Connect iI|+ on Staggered
i EMCC ||| Power-Ground
o o-GND ||| Technique
o || CEES e anas
N [ WCChased |
1 | Power Splitter '
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Session 8 Advancements in Low-Power Wireless Technologies
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Session 22 High Performance Transceivers
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Session 34 Design Techniques for RF/mmWave CMOS Phased-Locked Loop
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SSPD with dummy sampler [1] Isolated SSPD [2] Proposed magnetic-isolated SSPD

REF - | o R
) i — | Ch 2%, REF

L Cs CHL Divider] ¢

T REF J? ICs 2 T

¢ L = :_[ iclLe Sl lcw =

vco ‘|El , .
o ] » 2 i § H
REF =C — 1
= I s ciESL 1 i+ kowaoows0 =+ REF I Cs
Dummy %  ———— Dummy T

©) VCO is isolated by the TF through the
transformer coupling

© introduces trade off between |(©) CM loading variation does not affect DM

© the VCO with a constanttotal | ©) VCO core is isolated by M;
capacitor of C + Cs

® th_e main a_nd dum!ny paths with the REF spur and PN frequency
mismatch in practice ©) the CM loading improves the VCO’s PN
REF spur: REF spur: REF spur:

N C [2 . N C G Hhiuzoon L |Acs|
SPBFSK=20Iog{sm(n Dner) = ?-A : \._:| spsrsx"2°'°9‘=[3'"("'Dasr) s _c§ Cp’P e SPys ~ 20l0g,, | sin(T- Dm) 3 Ty v LD 2

[23 1SSPLLe| PD FZ& H|W

Block diagram of the proposed magnetic-isolated SSPLL Block diagra m of the proposed FLC

REFr |Modulo-§ _]FLREF‘M
A e e o |Coun|or|
e v ’. - in

UP e Ve | 8 ] I L ey

d \
h N e 'L H H
(@36)(246-30.6GHz) :::)@_ Crc ;Y i
N LAHWZZIML g Qo= 109 Gupen212 o i E
phed asus e i i
loosu=04 koounoou=0.002 Kasumoze=00005 CPrc ¥ i i
»The InleI:wplng'mMLonMLm( 0.0005) H H

isolates the VCO core and the SSPD. i VouVen Vic i
) The d-order CM load of the VCO core optimizes the PN.

©
I

Fast-locking Controller]

FLL

[22 2] HOt=El miSSPLLA} FLC 7+ =

#34-6 2 =22 =3I ZCHSIDO|A ZHHESH =222 fractional-N PLLO|A] ultralow
jitterS ©43}7| I8l Reference-Phase-Selection(RPS) % Complementary-DTC(C-DTC)
TZE TYS fractional-N PLL OF7|H{M S H|QrotCt. KQHEl f+2Z== DTCO| INL(H|IH
Mg MMt &g 7|02 E ZAAIF|H, Sampling Phase DetectorOf| Al 2tAist= M QL
M S AXSH7| I8 clock-based reference-spur cancellation EE3F 274 X% QUCt 1
2 12 MetE SPLL OFF|MINME HOJFELE DTCO| HeIE HA5tn X 2EME X7Hs

7] 28, & 3TtA0 24 DTC HRAE 7|E [0, 4095101 1/8 =&l [0, 51112 =L
1A= +=d™E MMD & DSM & HE310 DTIC HYUE [0, 2047]2 HEt =451
Ch[3] 2EtAl= H|QtEl RPSE E8f X|QIE &X QA = SILIE MEHS

delayZ EEHCZM HPIE [0, 1023]22 CiA| Ht ALY,

& REF_DTCO} FB-DTC7t 22 3} 20| QA QALE HABIEE LA O M, 74 DTC
= [0, 511] HRIT QoA &1 XA =ME HAECH 0|F Sl Mete

28nm 3HO0IA integer-NOJ|A{ 28.5fs, fractional-NOJ| Al 35.4fs(Spur ZE& Al 37.5fs)% 7|

O



ESIRALCE Spur A& in-band -76.6dBc, near-integer —70.3dBcO|H, 7|& X[l
fractional-N PLLIF H|Wd) H4+ & 2+ k2 ZF0M K2 X|EH} =2 FoOMIE E

SFRALE.

preaRess Overall Architecture of the Proposed Fractional-N SPLL

Reference Phase Complementary SPD with REF
DT

Selecgg&s Spur Cancellation
' EARLY | VcrirL p Dual-core VCO :
! REF SPD (137-15.4 GHz) :
i (250 MHz) 1 CLKDTCrer Vsamp :
o o U he £ mrn T R
DCWI[10] CLKDTCrs :
LMS based calibrations FLL :

- PFD+CP

merare oo e [ prosce |

e[K] - FB-DTC gain J__

DCWI9)
RPS Fine Call f—DCW[10]

L [ Modified MMD
SEL_CLKFB NDIV
L DSM with ¥ QE L Few
DTC_GAIN

............................. y pecces Complementary-DTC based SPLL “eeey

+ Complementary

: DTC
! To . REF CLKDTCrer vCco
Seorsey | {SPD SPD
' . _/-./_
1| (%0 in calibeation) H : : LKDTCss
HE H .
H 6 : ; 8 I CLKFB
: B : : Dew Fow |
DTC_GAIN :

[JE' 2] Iﬂo*E' Reference Phase Selection(RPS) X Complementary-DTC

#34-7 2 =2 S AQEX|TIS R0 EHY =222, N MY SF0M S
St= Dual-Loop Double-Sampling PLL(LV DLDSPLL) *+&& H|QtotCt 7|&E DLDSPLL ++&
HME X MY SESZ QI8 Charge Pump(CP)2| mismatchZ QI3 REF Spur 243t &=
S LPFel S|EE F50| WE TR 0j2{el HE Z0| #Hx =1k Dual-Loop T-ZO0fA]
o] & ZE 7kl mismatch, 12|11 Double-Sampling #+ZX2| %2 Gainit HMHEY X
S0| Yottt o]F diZst7| & ==0M= Bootstrapped 7|22| Double-Sampling
Phase DetectorE ARSI X % %*OHHE MOSFETS| 2X &= &daAl7 HEY dsit

LOo|= EdE WMSHRALt B Floating Capacitor(FC) 718t9| G,-CPE Sl 382E
LO|l= Mt &2 MAE9| G, EEE FSIRULE =5 LPFE 4-input &Y LPF

£ 84l H X HE ©
H 9 M™ 228 /MR Ol &df MeHEl Lv DLDSPLLZ 28nm 378 7[EH0]A
0.7VOIAM OtEMo=Z FZESIH 1kHz~100MHz CHYO|A S&t=l RMS X|EHE 45.4fs,
FoMJE -255.6 dB2| d&5S EHSIFOH, 25GHz O|A9| 1% SEOME -544 dBcO

20 d5& wAISHALE



Double-sampling Forward Path
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