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Session 2 Switching Mode Power Converters
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power management IC (PMIC) 2252 CHFD UCH 2 HHM= HMEFQ QIEH 7|8t D
DC #et7| A& HECSE 3t DC-DC #2t7| =F0| 3H0| YHE|JAD, stojEz(E F

ot DC-DC H2t7| =&0| 1H0| LHE|UCt £7|, side-channel attack0i| CHSH Lij-d
2 QIHH & low dropout (LDO) 2Z20|H & OHEZZ|AH0|E SHLZE EBAE M=
o PMICEO| ZHE 20| EFO|Ct.
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= =3 Buck HE7|2t LDO HZB0|HE 7|H2E &2 Minimum Traces to Disclosure (MTD)
2 A= DC-DC HBI|E YHSIRALE 7|ECQ| 10T2| advanced encryption system (AES) engine
g ADQt electromagnetic (EM) leakage 582 SollA SHEQO{F QI HOt 7| |}=
Xotct olz{et €& =0[7| fIsiM Feiel DC-DC HetZ|= LDO 220l el 7|&E
o MF0| HEES AHE5I0 Hotda oSt ofX[EH olg{et 7|s52 dUH2
LDO 2=Z220|HS| H3 288 O H2A|F|EE |oT OfEE(AH 0| M0 HestX| ZSIL}.
I FM+E 7HX|= Buck HgH7| EoF AJ0E[UX|T, 2F AHEHE AIESIEZ EM
leaked signatureZt HOt FEE EHC} MEtM, 2 =2 L] 2F QAEHERL M 7H| AES
engineS2 AM83t0l Ml 7He| DC Y =8E TE= FZE NS, Ol= ZZ2| AES
enginel| EM signatureE Ltst7| EEH THE2EM, EM leaked probabilityE 2.1x THE ZEAA|
ZICh Eoh 2 =20 Me AES 7Hel EM BEE A0 F& intelligent true random number
generator (iTRNG)S AF23}0] EM leaked probabilityS 7.8x DtE F7t2 ZAA|Z{ECEH OHX|2to
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(#2.2 - T2t NTU & Richtek) & =&0| A= cascadedE voltage-controlled oscillator (VCO
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o2 F%35t= Gaming SoC OfEZE(# 0| ZHO| time-domain Buck Het7|E L HSIACt S2fo
time-domain 7[2t2| Buck #e7| MO 7|&2 Buck Het7|ol 58 MY A QEHH M7 HEE
T 78el vco 7ol Fhts Xto|2 BHESI0] Buck HEV|ol & Fhi+E MgstCh ol2st



time-domain 7|22 MO &A2 DFa S0 EO0|st:, HMo7[7t %2 HHZS AX|[oCh= &
Fo| RUACL X2t vCO 72| mismatch R VCO gain (Kyco) variationOff DC-DC #2t7|9| stability

7b HSSIHAM THHQ PMICO| &S AOIetDt MEtM, & =F0M &= cascaded-VCOE AtE
5l0f, VCO 7t9| mismatchZ Qlst X % NotE M 7stct A BB VCOE gain error subtractor|
=Y Mgl QEHH M/ MME QIS MY 7to| XI0|E YL E ARBSHL, pulsed EHE F t'._'|

W vCcool Yoz HLHAM vCoQ| positive edge A|ZE Feotth & B VCO= trigger &R}
i, Hs{El on-time BAE LHELHD, feedback MO0 M2tN SZEF AEHO X5t steady-state
Fot=7t Gl XA =Ct OlE 8o 2 =82 0.81 mV/AQ| 7|E time-domain H8t7|= COiH| &

2 load regulation d&1t X2 E 22 FoME2 HESIIALL

(#2.3 - HI|0| KU Leuven) & =F0|A= StO|EE|= Ladder Buck H2t7| fLXE 7|2, &

7Hel QAIEHE A3 Li-ion HIEZ|Q| Y-S HStA|7HAFT= DC-DC Het7|E LYHSIIUCH S

O| multi-level Buck Hi3l7| 1x= S8 SZ FOILE SIHAFHFER, 22 DCRE 7HK &= £I)

7 22 QYHE A8 =& JWE OIFCH SFX|ZF multi-level #2t7|= EFY conduction

pathO B2 =9 AQX|E 2E GAsEE g2 MFE 3357 ojd1, 940 [E HH

HFR7F E0ASI0] DC-DC Het7|ol M8 2t MY L Jd5S0 Moot mEtM, 2 =&
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(#2.4 - T2t NTU) 2 =E20ME= 329 Buck-Boost H2t7| XE 78IS 2 auto-shift-ramp

generatorE &OiAl Li-ion BHE{Z2] TR Bi%t0] [2tA seamless-mode-transition 7|52 it

DC-DC H&7|E UHSIYCH B2l Buck-Boost HEH7| £ E A|ZH0] S50 MakA Li-ion HY

He| £ Y0l HdAstn2, 5% BA0| Buck HEO|A Buck-Boost HEH2 2, Buck-Boost H2t
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Ol Al Boost #}stet, O, 7|=2| Buck-Boost #EH7|= duty BE 7[7HO]
Q2 =7HXQl stability |—’.f— 37} compensator 3 HYES HEA|7|= o°._ DC-DC H
sb7] =8 [0 2 2| W0 WHELD 2 =22 0|23 mode transition0] HHA|7|=

2! =
Y MY BSIE ZAA[7]7] Y610 auto-shift-ramp (ASR) 7|=2 M| QtstCh HQt=El 7|2 mode
transition Al O|2M2O 2 O|&E|l= compensator 8 M2 BSIE corresponding delay time 5
advance time2Z A4S0 mode transition Al ramp generator?| A|Z X|®Z H3IAIZICE O|E
Bt 2 =22 0484% O[sle] 71 W2 mode transition Mt 1898 ps O|sh 7Ha W2

mode transition settling times =43} LCt.



MAE R

Foll7Ixt Az
o & = AL BtEMA|AR IS SALIEY
A0k : Power Management IC

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



A-SSCC 2022

IEEE Asian Solid-State Circuits Conference

KAIST M 7| H™Xp-Zatap giAaPE Hi 22

—

Session 10 Analog Techniques
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#10 O| A-SSCC 20222| Session 102 Analog Circuits and Techniques2te FHZE & 4H2| =
O HHE|ALCE

#10-1 loT % wireless sensor node?t Z2 FX|0AM 22Xl SEHZ ¢
On-chip sleep timerE EREZ 2ICE O|F 2T clock frequency 284d0i A

power CiiH| -2 TC (Temperature Coefficient)O|Ct. & A Zof, M2 M2 ALESIHA SA
S0 EAT clock frequency ‘4°d0| EHR3StCt Ol siZdt7| ot 7|E2| 7|=(1SSCC 2016, T.
Jang)2 SCR (Switched Capacitor Resistor)2} switched resistance boosting 7|82 0|83t 2T H
20l AT clock frequencyE HASHRULCE SHX|TH leakage current?| B2 deviceQ| 377t BH
ool mel o F7t6h7| 2o HE SFMeE MER 7|82 ZRE it 2 =20AMe
65nm2| &2 SHUME 7|EQ| =251 HusY AP Us s 78t HY ~2ZE %
23 SHHA A0 2% Bt EZ3 clock frequencyE THE7| ISHAM 2 =E0|AME supply
HMLS 400mV =2 IHFQUCE Ol supply MU0l HOPH leakage MF ETH HOIX|=
device?| §d2 0[8%+ ZAOICt SHX|TH, supply™ 0] 2™ clock frequencyS L™SHA F XISt
7| 2|3t feedback loop &°d0| 7CHECt QLISHH feedback loop HdE 2I8HA analog amplifier
£ Zo= 5=, & =23 20| supply ©0| 400mV 2 B2 analog amplifier2| Mz &
SE0| o]F7| Wf2O|Ct [M2tA 2 =E22 analog amplifier®] H&E digital domain2 & 742t
TDA (Time Domain Amplifie)2 CHX|5I0] feedback loops dEsiCt 2 =20 M= SCRM
(Switch-less Resistance Multiplier)2t p+ poly resistor2| ratioE reference frequency2 AHE$HCE S}
X2 &2 =20M HMAStE SCRME 2=0| ozl X 20| H35t7| W20 L-ETH reference
frequencyS FXISH7| 24 LUT-based calibrationg ZRZE $iCt 2 =22 He|otH, 49 &
(65nm)0l A low-power clock g2 sl supply Y2 FEHHZ FFQUCH 2 supply ™
LM QHEE QI SE0| 7hs%t SLRM S TDAE &9l Frequency-locked loop (FLL)E BHERS

, 7|E0| HEE CHE work CHH| 74 %2 current efficiency % TCE E4&0| <QO|7} Ut
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#10-2 %2 loT =E52| 23t HEEHO0| SH0 mat kHz/MHz 2|2 20|
Of 2 ARl AMEE mHlstd, of|HX| SHHAHE WESIH= FME EOo| ULt 2 =
ME single crystal2 16MHz reference clockill 32kHz timerE d4% &= UE
oscillator-timer(XO-Timer)& | 2t} &L},

Heteh XO-Timere= O|UX| SHHAH ZHTYS| HzRH WE ZEo| MYl MFE A
ot5t7| 28l micro-power manager(uPM)E AESIRILCE 7|& pPMTZRL| 4% =%2| voltage
regulation loopO| R3St Lt, X Ctet uPME cascaded 3-stage charge pump(CP) 7= & AtE S}

o 3lLtO| voltage regulation loop2 2 22| M-S regulationdt A Ct.

160Hz Crystal Cascaded 3-stage CP
Sub-0.5V Energy Source Ve I
(e.g. thermoelectric, solar cell) 6-Phase Bootstrapped 2-Phase Vo 1-Powered
0 e r Non-Overlap Clock l Non-Overlap Clock

Vo.1 los Vo2 loz Vo los

SCVA SCVD : Redtifier

Q V
—" Test EH

PM |
M Ref. & Bias || Buffer I I Cos

Generator (HPM) Kickstart-1- =
Cascaded || Control
3-Stage CP : 32.258kHz

; + : Timer

i Bootstrapped Voltage (LPM)

 Ring Oscillator Regulation J4--4-- Ref. & Bias v

i (BTRO) Voz i bias

OL—} Voltage-Regulation Loop Sz (-—0_3\{)

(~0.19V)

(28 1] (Zh MeHeh XO-Timer2| F+& (¥) Cascaded 3-stage CP

a319] % J80AM 20X %0, Cascaded 3-stage CP T1Z=-£ voltage regulation loopO| A
R stagel| £ ™YL regulationdtl O|F stage=2| MY O stagel| HYZ HIYSE
MEEls X8 7HX D QUCE O|2 Q8] F[ZF stages2| MY AZF stageOl HISH regulation
M50 Bo{X|& E8S 7IX|1 RUCL Regulation® ZF 9| rippleg £0|7| IsiA= 2t A
O|X|o| 30| 20| smoothing capacitor®| 7|7} HE =7} QUCt 0|23t BES Z0|7|
s 2 =20Me A HMAt £ HR stagedi| AMEE SC voltage adder?t SC voltage doublerE
67h% HEH 450 6-Phase SE2E TSI, 0| S LT &= smoothing capacitor|
7|18 AAAZCH

AHEEl Core amplifiere] A2 (A& 1 ZHF9| Ay reconfigurabledt #ZXE 7t ZEOof a2t
16MHzQt 32kHzo| FIIFE MdYg £ UZE FHSACE 16MHze| Fht+E Mg M=
2 SHH W2 QA LO|=E AL E St 32kHz9| % Fot+E

Pierce oscillatort |AISH &
=

3
Mgt = 3-stage gmTEE AMESIL load capacitanceE HAA|7 MIADE FFEQICEH



#10-4 RF receiverO| Al Ct=0| {22 MEANOZ ALRE7| QM out-of-band Fht4 S Z

= AIEH
StA GtOhE RF filterE ERE 3iCt 7|&E =22 Z2 amplifier 7|8t2| N-path filterg AHE510]
HAot= Foke Y o S0A|F|= filter7t ZHEE|QACE SHX|TH {3 stagel| amplifierE ZRE
St 0f M2t AREE M Ko SU5HA ECh 2 =22 49 MHARE X435 SHHAM
SAO quality factor (QE =CH2ISH7| {8 2702] HE LC tankE & 31F 20| ALESHY filterE

THGRACE ME FoE (w) 7IELE L2 wor, wedl 83X Fht+E 7HK| £ LC-tankE AHE S}
R}, In-band(wor ~ wWe) A= Vor R Vo7t out of phase, out-of-bandO| Al = in-phasel| &2
0|83ty 31} Z2 4th-order?| band pass filterE ZtHEICE AMM & Bl |IC STI|E 0|8
S5tO 4th-order filterE THE& 7|Y2 7[E0| LaE H oLt 2 =20Me siE 7|gS 1ve
52 supply MLOIM 2 fractional bandwidth& ZHX[= 4t-order filterE M A CHE FOA
o|0|E ZtZIct metM ds HlW HOlEE2 EF & £+ AXO|, NFi, X FOM & &5 XlE:= 7|
o YUHE workEd H|h =FO|IX|TF V2 R2 supply T R 22nm FDSOIQ| &9 SEE

MESHRAZ| WZ0f filterd] AFES HH2 7|ES| =& H| ¢T3 848 U= XEE LEfHCL
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Block Diagram of the Proposed Filter and Implemented Front-End

2nd Order,
Filter '
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14 dB Gain
____________ I: E'_t‘_’_“_'f_%________. 5 to 19 dB Gain
[Z13 3] #10-40{| M X[ Qtot RF-filterl| &% 2|
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ALt O] MMOM= LDO EAMAM BHES = 231517] flot 20| Ot FHE SEE EH
Z[QACH  37+X|Q| Digital LDO & &A1t Capless Analog LDO T3 A2 Sdl Low Area, Fast
Load Transient, High PSR(Power Supply Rejection, Low Ripple, Math Product Process GuideOf CH3dH
Chst S AIARSED QUL A-SSCC 20222| LDO Voltage Regulation SessionO| Al 20| F= LHE
o2 HYS W], AKX IndustryOlM 7|E =HES sHAStn LAsE TAHSH| o2y E ot
A|(Load Transient2| otA|2t Data Rate S7tE sl &= High PSR SHAE s{Z5t= +=x 7|
oz =& 8 ZE0| st o2{3)E E AU siadg Aoz HMYELC
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HZH(InteI Corporation), =) & =Z20|A£ Digital LDO2| At53} 73 &0 CHs|
@;6}01 g&% HSHRACE Digital LDO2| A FOf StLtQl CHASH ProcessOl CHHA %[ & 2tat
= AlX|L|ofol SAzkof| et T{E|X| R PathOf CHSHA] M7|= Noise 22 %43}
Ste Atszt AA HEo M mMAIStn QUCH LYE™o=z MZiE|= Digital LDO2| B
MemoryLt SensorOf AFEE = U=, MemoryLt Sensor Application 0|20 SHHEE MER
Analog Circuitg HAE ZI@e M, Za3t Reference MY T ALEE == QUCt 2 =R0ME
HEXNOZ Reference M0 S 2 &l Block@! ADCO| Kickback noiseE Z[Mztgt 5= QU
of, 2 =20 HWZ HMA|St= Flash ADC O|2[0|= SAR ADCL} SD
ADCOIME FEE & = U= Parameter2 €Y = JUs 207t 2 A2E J|CHEICH [A31)
M & = e ANE XISE g = A= DLDO AA YHOIM 1EEls 22 3AA Line
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H 10 & = A& 7IF2E Manual A2 Analog Layout Generator methodology= H| &}
of, 2t AtZe| Manualll H|WSH0] %[ 3El SizeE QIS 4= USM, O|F H|WsH7| 28] HA
Al DEEls AZHD X H3tE 458 ADCO| Comparator Delay, offset, Kickback Noise Current,
Power Consumption, Areal| X|EZ H|w3IQCt XtE3tc|= DLDO HAE & + UAS 42 541
Of w2t et Reference VoltageE AR&2 d-dY = AL Analog BlockOlA 2T &= Noise
=2 A3t 5= AUCHH, Analog Block®| =[H3t7h 7|Z0| H|g| W20 O =2 452 7H2

o
T AS Ao tist 7|tHE F& HFOIL

[E 1] =20 M HAISHE ALG Human Related Cost@t Result Summary

Manual EP1 EP2 EP3

Give critical
Annotate .
) device(x,y) w/

ALG Human-Related Cost Manual None constraint )

) constraint
script )

script

Delay [ps] 158 200 193 155

Offset [mV] 04 35 -1.78 2.18

KB Noise Current [uA] 1.1 0.85 0.61 0.18

Power Consumption [Normalized] 100 111 108 105

Area [Normalized] 100 171 299 100

(#14-2. 2L, 3t1) & =E0|A = Capless Analog LDO2| StA 2 A|ALZ|£ Load Transient Time
gt 2 High PSR #Z A0 Cis HFsto] HHE TASHACE HSt= FRUM= [AE
210 & == Ue AXNE Error Amplifierd| A AF&E|= BandwidthE 7|EECH O &HSH= &
A9 2 Conventional 7X=OIA &H EY =+ A& Current Source PathO|A EO|& Supply

Ripple PathLt LoopOflAl EO|= Stability7tX| XX stste WS ALESHIALCE

AN Voo

Vsen

Ripple
Blccklngl Pre-
¢ v] Emphasis
Biasing
Rz Mgy Vin

Inverse
Biasing

Stable

[28 2] =20 FNAISH= XQHSH= SSF(Super Source Follower) T2 Error Amplifier

a8 20M EoE LHEO|0z # ==20XM= LoadE SensingSt= Current Sensorg &3l
LoadOf| 2} pole #tdt zero ot ZEY = Ue A|2H 7S Sl Wide Range Pole 71X E
XA =IRACE of AFRE Sl 2F BoM H|IE 910| 2HHH QI Capless LDO T+Z&0f 7H&of ot
UXt= O CHE7HA = UL



(#14-3. A3, 33) 2 =20l = Digital Feedback HE{S| T+ = £

StAELICE NMOS2| Power StageE M 0{dt= A2 R-DACE &3l MO E TR0, 1T
3] A & = U= AKX F Digital Feedback HE{2| LDO ++ZXE &3l Load Transient =X| 4
S PSR X9 IS 7ML EUCH & =F0M 7|EL| Digital Feedback LDOL| &< R-DAC
= MENSt= EROIAM S 72| Step EFRI7F HE A [ Load Transient P& HEH O[F 0
2 £ A2l RippleO] ZAH LA =[=0l, 0|F H45t7] {8 Integer ClassificationZt Non-
integer Classification Table2 ZHX|A E/0f, Ripple® XX 3stgt ZIHE 810, YEHA QI Digital LDO

TEOIM ZHdY = A= Ripple = SHZ YHO| SLte| Heto] F7HE| ULt

Proposed D-LDO

Pattern
generator

Ripple pattern feedforward

Time-domain
digital-pre-distortion

AC feedback

© High PSR
() Scaling friendly
() Decent ripple suppression

[3& 3] =20M XN A|ISh= Digital Feedback Digital LDO

(#14-4. 23Ll, 33) 2 =E0A = Reference Oscillator?t &3 MYS ZX[sI Fot+E B
SH=TRO(Tunable Ring Oscillator) 23 & H| W30 DVFS(Dynamic Voltage and Frequency Scaling)
= A|@St= DLDOE ¢St H|eHStRALCE M St F&O0|AM = Conventional &2t CHE F2
Self-clocked Unified Voltage and Frequency Regulator(UVFR)2 F7t5t0{, &2 Q0| Reference
Low ECt ZOIMA =3 MYO| RegulationO| 0]2{2 ZS Reference CLK FILt=E Reference
HighOll 3 M =3 LS CHAl S2l= Y-S AF83Y Load Transient 452 HMStAULCE &
=0 HM2St= Self-clocked UVFR 7tZ& &3l Oscillator Ar&St Digital LDO & PVT

Variation2 Z|a2tet = = YFO| AUCL

X R

Fo|7|1 Xt =F 2

o & &£ gduatistn PXHI|FAFEHSSD BrARE
® Q11 20} : Energy Harvesting, PMIC
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HZH(InteI Corporation), =) & =Z20|A£ Digital LDO2| At53} 73 &0 CHs|
@;6}01 g&% HSHRACE Digital LDO2| A FOf StLtQl CHASH ProcessOl CHHA %[ & 2tat
= AlX|L|ofol SAzkof| et T{E|X| R PathOf CHSHA] M7|= Noise 22 %43}
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MemoryLt SensorOf AFEE = U=, MemoryLt Sensor Application 0|20 SHHEE MER
Analog Circuitg HAE ZI@e M, Za3t Reference MY T ALEE == QUCt 2 =R0ME
HEXNOZ Reference M0 S 2 &l Block@! ADCO| Kickback noiseE Z[Mztgt 5= QU
of, 2 =20 HWZ HMA|St= Flash ADC O|2[0|= SAR ADCL} SD
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“Sensor Interfaces and References” 2t= FHZ SO Zl O A-SSCC 2| 18H sessionOAM =
% sHO| =20 HEL[UCE 5740 =2 F 4/ O|OX|HALL 22N 52 I8t analog-
frontend & ADCE CHE =&0|1, 1742] =& MOSFET2 0|83t voltage referenceE CHE RALCE

Ol reviewO|| M= sensor interface0l| 25t 3702 =22 CHE0 EZICtH

#18-1
Phase A: Exposure 15 frame Phase B: Conversion Phase C+: Clean up
RSTP]}- RSTPD RAMP 4
Vx
V- \VTF;( RSTro Vop- \Vr1 RST J
Voo-AVrs VPDCM |VT-—| Voo- \VF Von Vop- W’F] VF‘D v Liv
== (-aAVF) == N (Vrst) ==
Phase Cz: Data resample Phase D: Ga'oba! reset Phase A: Exposwe 2 frame
RSTFDI RSTPL}—
Vx V
Voo-AVe2
RSTrp RST
TX e I FD
Voo -E.\V?]l \:’I”DCM Voo-AVez

v Vo
== VRsT+APAVFI-aAV

VRsT

[2E 1] =20 HHE pixel +Z

2 =20Ms M transistor I capacitor (6T10)2 AMESHY motion-detection(MD) % local

o

binary pattern (LBP) extractiong 3%t image sensor2 LHSIILCL Frame?t X}O|E X2

FI

motion detectiong F#3l= 7|E image sensor2 pixel LHF| 0| frame dataS XMESHE 2
A7 23, O|2 Qs EFT pixel FRE AHESHY fill factor (FF)7H ZOMX|A| | AL,

2 =22 0|9t Z2 HHEES a8t X} floating-diffusion (FD) node®| capIt photodiode AlO|
O capacitor2 & st:, 22|El FD nodeQ| capacitor2 O|83%t0 O] frame2| dataE XM &=
HHS ALESIYUCE EBH O frame data?t P frame data AFO[2| X}O| Zfo AH&tE, AAUE
capacitore E3} capacitive coupling X coupling time2| ZZEES S50 FHSIUCE ATt pixel
TZ= [A8 110 2F=0f AT

MEE data®| readout2 data?t XZEE capO| gated| HZAE NMOS2t 0|2 drain0f AHZAE
PMOSE 0|83t0] =#sIRUCt PMOSS| gate MYS ramp YEHE Z=H3BI0] PMOS2| drain M2
O| transition &E|= #=7t0] MZ datalf 2t E2tX|= WAZ S MZT dataE pulse HEHE



PWM3SIO] readout StRICH &3 LFHO| pulse HEHZ LIR7| WHE0, TPt logic gateE ot
pulse®| HlIE Sl LBP % range of interest (ROI) extractions &5}t FHLCt.

X Qt5h= image sensor2 compact®t pixel FZEOA| frame-based MDE st O 2 20|17t U
Ct. SHX|2F O] frame dataE& capOl XM&ESH7| fIet &2 MZ0 charge integration timeO| ZfOf
Xl= HAM 2+ conversion gain X5t7t 2 E|d, HUE capacitordt FD2| capacitor| ratio
variationO & calibration £ &0| =0{L= F&0| LHECL
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[ Conventional Time-Domain CDC ] [Proposed Two-Step Time-Domain CDCI

zl@ Ts Tson >rst_rr|J_ zl@ Ts Tsow Ngl-rrrr

§-0SC S-DIV e §-0SC S-DIV

T nnnr TporLr

pclk - pclk
Te=1%  MSBCNT

R-0SC Counter (CNT) R-0SC :I &
Division Ratio N (OSR) L L Teres—prst

1) Ts=a-RC: — Tson=2MTs PLL -v@“—mmr»clk.rrrr ™

2) tssmer —— Tsacc= (29545 ser (") G-0sC LSB CNT
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oscillator& O| 8%t counter-based time-domain RC-to-digital converterS X| st SiCt
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N

o

RC-to-digital converter2 delta-sigma modulation (DSM) E= SAR EtAlat DSM B4l
two-step conversion A4S ALESIYULCE SHX|TF O|2{ot A2 sensor?| EHZ MY
7] W20 voltage supply®ll I8l 23 range?} MTtEICH= THEO| QUCE,
HES 35517 R 2 ==2 o2 € Ho| YPL=EF sensor EHE clockl =
time-domain (TD) 7|22 Z RC-to-digital conversiong st= YAlS ALESIRACE 0[0f O
| TD 7|gt gtAlo] Z4X|E SHEQI jitter2 Q2I%H resolution Ao ! &2 & A2 Z2X|
SOl 27H9| oscillator ! PLLE EE%t= FZE X QtsHRICt
2 =20 Hotste &= 9 conventional?dt two-oscillator 7|2t counting ADCO| #+Z=7t [ &
2101 HEAE|O RULCE 7|EQ| LEHE QI two-oscillator 7|8t counting ADC= sensing oscillator (S-
OSC)9| clockO] RCOf Mzt 7HH E|=& sta, O] clock® F7|E NH{SIK oversampling= $F Ct
2, NHf = F7|E reference oscillator (R-OSC)2| clock2 AFESH0| counting St= +XE FTHCE
O| TR, resolutiong =0[2{H R-OSCo| Fht=7} HOLMOF StAHLE oversamplingE & H0|
O{OF 3t11, O sensing timeO| S0{Lt7{L} R-OSC| MHAD I} =OFX|= HHEZS Z2fotCt
Mt 2 =20M= R-0SCel ©HARE ZFO|1X R-0SCo| Fat+=E XA H7Y5t0 MSB
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M2t 2HEotA|7 PLLE Qlot F7HMQl HMEALDE X ASSIRACE Of2{sh FXo| AHES &3l A



Otsh= RC-to-digital converter2 Z2 Q-noise ZZOA PLLO| A% EE3ERAS W 7|E9

two-oscillator 7| converter2 Ct 37.5H R MHADE FMEJAOH, PLLO| &M}t AZH2 =

HSIGS [ OS WS MHADE QS & C}.

M QtEl RC-to-digital converter2 THARE W37 23 PLLE ATt two-step TZE &5}
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#18-3
Presented temperature sensor
Vier: Constant 1
Veas: Generated by SAR Sensor interface
input offset voltage of <™ ..Transducer
E the comparator (Vgseet) E
i3 5
P :
E 5 SAR N
: : CDAC . . ——
E Temperature ! lN Logic Digital
i, Vorse o Tomperature  : output
Transducer output SAR logic & CDAC
_ 0 (Temperature < Vi = Voac) =
fVoac) = 4 (Temperature > V,, - VE:C} Vret = Voac = 9(Code)
(A3 3] =F0M HetEl temperature sensor T+
2 =22 7|&0 BT §22 FoREH 2k MMl HMEE MOSFETE 0|&%t comparatorl]
offset@ = FRStL, 7|E0 2| AP ROl 24 E SAR ADCO| &AM FHE comparator2

AHE30l 2 ’.‘i'HE TRASHCE 7| E0| BO| AFBEE BIT 7[Ete] MMEE S7F0 mat 73
of o2 BR7I A2 = U=, Hest= ==2 olgiet BHEE ==510 7t ks
MOSFET 7[8tez 2= HME Fosta, 0[of sl ¢tthet fxz2 MME F2s5te M8 a2
=0[1 HEA MY St= Ao FEE FRJACH
Hetste 22 MMl fx& (A8 3]t 2L Ol g2 20| SAR ADCe| #x2f sgst #
ZE X2 A=4, MeHE FEROAM AH 7“'o*oﬂ FE T2 Vier + Voftset 22, Vorsetll 3
= comparatorQ| offset0] 220 MHEHO A B715t=E HASHRACE 2=0] A
E H|YSt= comparator offset2, LHIES E‘iol MO[|E strongarm latch comparator?| 2
2Eh MOSFETZ sub-threshold2 BHS0{ 0|9| PTAT Sd& &850 FAHSIRALE O|HAH FHE
comparator offset2| temperature coefficient= differential input MOSFETS| ALHE Q! size XO|2
OF AF5]7] W20, LEB temperature coefficient 2fS Z7tEICID & £ QUCH
Hotel 2= MAe HF ZANE A0 2™, 0.13K2| resolutiond|A| 38.69 pl/conversion| T &

~2E ZY3AA, o= I%Q resolution®| 2= MM F H2 +X2N FEY Us X
7

mn e

|_

ol
ok

Al
o)

ot =X= oM HYSHHE ZHCho TXRE ALESIRY| 20| M
UREH Ho=2 EHOICE o, 25 MOl inaccuracyE HEHEH, 2-point
calibration2 +HSIAS 0= -2.54/2.16 22| inaccuracyE 7HEIC} O|& transducer?| —ﬁa% 3Ft

MOSFETQ| variationOf A 2ot 2422 20|41, O[2{¢t variation2 MOSFETO| Ef X2 BJT Cf



H £X| 23t E42 7tX|7] IE0| Oot& = 5K Rt BEREOZ HQICH
Hotel 2= MAME, Thesh 2XQF ZHEHSE design HEIES S 2= MAME FHSIQCHE H|Of
O|o|7t UL},
MR
Ho|| 7| Xt et
® & & :KAIST M7|HUMXSStnt HhALDHY

® QILEO0} : Display Driver IC, Readout IC
e O] O & :limkw@kaistac.kr
® =10|X| : https://ICdesignlab.net
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