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Fig.1.1 Roadmap of the Number of Sensors Produced for one Year [1]
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Fig.1.2 Basic Concept of 10T [4]
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Fig.1.3 Assumed Physical Attack on IoT Nodes
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Fig.1.4 Relationship between Physical Attack and Terminal Capacitance
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Fig.3.6 (a) Ideal Case of Cp,,, and Switches (b) Real case of C,,,,, and Switches
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Fig.3.7 Inappropriate Condition of Capacitance Difference Detection
V, 4

A 4
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— 1% increased C,

Fig.3.8 Appropriate Condition of Capacitance Difference Detection
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Fig.3.9 Transfer-gate Switch
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Fig.3.10 Comparator for Proposed Circuit
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Table.3.1 Values of Determined Parameter

Parameter Value
Vop 2.5V
Cy 10pF
Coump 100fF
Cref 12pF
Nyep 13
Clock Frequency IMHz
3 -
2.5
z 2]
5]
E 15 | I Vref
S 1t v,
0.5 — Vour
0 L L J
0 50 100 150
Time (usec)

Fig.3.11 Ideal Numerical Calculation of Proposed Circuit
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Fig.3.12 Ideal Numerical Calculation of 100fF Difference Detection in Ideal Case
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Fig.3.13 Simulation Result of Proposed Circuit
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Fig.3.14 Simulation Result of 100fF Capacitance Difference Detection
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Table.3.2 Simulation Power Consumption of Proposed Circuit

Block Power Consumption
All 203uW
Charge Transfer 0.890pW
Comparator 202pW
Buffer (Included in Comparator) 31.4pW

m Charge Transfer
= Comparator\Buffer

= Buffer

Fig.3.15 Breakdown of Simulated Power Consumption
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Fig.3.16 Simulation of Temperature Dependence of Proposed Circuit
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Fig.3.17 Simulation of Power-supply Voltage Dependence of Proposed Circuit
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Fig.3.18 Simulation of Unintentional Increase of V,
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Fig.3.19 Simulation of Unintentional Change of V¢
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Fig.4.5 A Sample of Multi-stage Charge transfer

Vm—l Vm+1

- —9— ¢ —9

Cm

Cm—l
/777 /777 /7

N 11
3
AR

Fig.4.6 Switch and Capacitance Regarded as Resistance

I T, Figds DI IR ELTGLSZET v —Y R 7 U A7 7 OBFD 3 DOREDH

\CER LT 2R D, ZEOAL v F ¥ /XU X OFO®RP D 3 SOFREZEY H
L7 Figd.6 DX DRI AEEZEZ S, LHDOIRAUIBWTAL v FS;ZA L TG, KH

+%KE%T&%%%,&%%D5.%LT%%R+M?&%%<.:@@%Kﬁﬁé%
M OBENEE 2 5. IR E L U CERAES, N —EH U T LEWZEZRTHY,

V() = V()4 %
'Tﬂ$w+ BIFHEEEALEZRDD. ZOL XIS, BPALC, & C;OM TER D5y

B b, TOBOEEIIROXD LI ITKDOLND.

At _ At\ _ GV (0)+CVa(6)
%(t+2)—%(t+2)———a;;—— (4.10)

WIZHEZE + At TS, WA U7e & X COEM DOELEAQ; RO DN, Z DL XEMOBHE)
A FRVANAY ik SEV B VN A VAR

AQ3=—AQp=Q{%(t+%)—th+Aﬂ} @.11)

36



BEZt + ALIZB W TC & GITERKR L TN D70V, (t+At) = Va(t+ A THDH. 2T
Vo(t+At) = V3(t) + AV L EFT 5. 5’~’7“~y%ktﬁé§£&?k ‘/“%3‘/277@—?\
IZBNT, CAIMMOFREL Y IR IR E <, AVsldVpp D ﬁ H—Thb. ThIZ

Vi = ValdVpp D 1V/BERIE E DA —F—T, KRHF%E Tiw%ﬂ“@ﬁ»—éf L0, Fﬁ%@FEJ
W2V, — Vo >> AV DEAFRDNAL Y 37O,

ETRDIEAQ N B FEHENIZIR(4.12)D K D ITROBND.

003 1 Aty _ GV (O+C1R() _
[="2=2c, {VZ (£+5) - vale+ At)} =C, {—CMZ V(t) — AVs } (4.12)

B T OB & FE MR E AV TRE )DL HIcRTZ N TX D,

i_ C {C1(V1(t)—V3(t)) AV} V1 (£)-V3(t)
- C14C, R

(4.13)

AtIZ A A FORIBEERES OFETH Y, V, — V3 » AVOBURMBE D Lo Z & &= A
L EMEHIRIZRME 1D L HITKRES.

(4.14)

C,=C, =C3 = COBEARDIEIL crtw WA EERO & &, AIHC, = C; = oD

L2 f5m< 2%,
VLoD Z & B REET D 72 O IBUIE iR 24T 5 7. 100fF D Cpypmpn 15 B & 10pF OC, T

BEN I Hz DIE S THIEI SN D F ¥ —Y F T A7 7 & 8 ODDR == 20TQOHEHT &

10pF OC, THERR & 417~ RC BRI 2 i 5. £72, TABENIEENEW Cpymp A
TO1EOF vy =V F T AT 7Y T 2D MEET D 729DIT, Cpymp =6.25F D 1 B¢
DFx¥—Y T AT 7DV, bl L=, 4 F Tk LTZTITIEAA v F 2 2%y
BB/ D720, T =Y b T VAT 7 DChympn PE15+1 257 THIo 72 8 23T
OB, ZRERMN Figd T THY, ROZALIESO TIER WY OB+ A2 E 5

FFERD LD RIBIT2->TEY, 2000 B2l E 5 &FE7EIT 0.1%A0mICE T/ha <72
v, EROZSEER L TN D.

ui@iﬁﬂé@®i5K@%#éx4y%b%%ﬂv&MﬁﬁﬁmeLkﬁﬁTﬁ

UTEDZERENTZ. CGEREBTLHLODOH Y MLaRE LIZWGE, f2/hE
$2Z LIFTEERPRV. FFEBITRLS 250, Ry MEREbE<2>TLED
O TohdH. TDD, Ca/NS<TLHHNREELWVR, FERRIZIDHIRNSGCO TR
DRESTEY, TN NS TLHZLFITERY. 2DLE, Ty 30X Znfifii ]
LIRFEREZR T D05 281, nfAlOEITROEWVREREZED L) 2 & &%
Thod. TOHEOREWKITT X TOESZESNICTLILETHHZ LIFHLNTH

37



5. o T, BEHERT DML BIZh v v MERELS L, BELZ & D D MAIEIT R0
LERD.

2 -
L5 - 15-stage charge
— transfer
2
>>< 1 = =Equilvalent RC
circuit
0.5
-++- Equilvalent 1-stage
0 . . . charge transfer

0 500 1000 1500 2000
Time (usec)

Fig.4.7 Simulation of Comparison between 15-stage Charge Transfer and Approximated RC
Circuit
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Table.4.1 Simulated Threshold Voltage of Transistor

Old Vi, (mV) New Vi, (mV)
nMOS 264 825
pMOS 282 845
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Fig.4.8 Schematic of Clocked Comparator
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Fig.4.9 Simulation of Gain Comparison between Clocked and Analog Comparator
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Fig.4.12 Multi-stage Charge Transfer Capacitance Difference Detection Circuit
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Table.4.2 Power Consumption of Capacitance Difference Detection Circuit

Part Current Power

All 1.82pA 4.54uW

Charge Transfer 1.48pA 3.7uW
Reference Voltage 643pA 1.61nW
Clocked Comparator 336nA 840nW
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Fig.4.16 Breakdown of Simulated Power Consumption
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Fig. 4.18 Photograph of Bare Chip
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Table.4.3 Measured Result of 100fF Capacitance Difference Detection

Cy Average Standard Deviation
10pF 876.8 0.194
10.1pF 885.3 0.247

(a) Before Trimming

52



(b) After Trimming
Fig.4.20 Photograph of Chip for 100fF Difference Detection
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Table.4.4 Measured Power Consumption of Proposed Circuit

Part Current Power Consumption
All 1.56pA 3.89uW
Charge Transfer 1.15pA 2.87TuW
Reference Voltage Less than 1nA Less than 2.5nW
Clocked Comparator 408nA 1.02uwW
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Fig.4.23 Breakdown of Measured Power Consumption

4,10 %
KETIERIEIOF v 7 O FERFE ATt 2 EEE1TH .
4101 BEHREDLE

ARFFEDOIRZE N L HERDOMIFED Ll 4 Table.4.5 IZF & o7z,
Table.4.5 Comparison Table

W Charge Transfer

“ Reference Voltage

[18] [19] [20] [21] FHE
7atx 40nm 0.18um 0.16um | 0.18um 0.25um
FEALE (mm?)* 0.066 0.22 0.68 0.88 0.17
HEEA (W) 1.84 0.16 10.3 33.7 3.89
HETFILF(N) 0.0351 0.64 8.26 7.75 3.56
i F A (msec) 0.0191 4 0.8 0.23 0.916
o 1404
EEHE(ppm/V) N/A N/A N/A N/A | 525-2.75V)
15.5 RIEH ]
BERE(PM/0) | 2247 KEBL | N/A N/A nA | 10800
(-20~100°C) *
SYRRHE(FF) 12.3 6 0.07 0.16 10
BRHEL BT IR
B |mems wsoms ) @ yYTLER
BRHEICTFI 2L | O DF]EE RHoREE Wiengiy
W RENDE | DRSS | DalBE - | | Jeoeri
RERMEEIC | BV | SiEsEs =
RIEDBE

55




KIFFETIEZ —4 v b % 10pF @ 100fF ZAL ORI D Z L1I2 Xk - T, EROAFEIC
HEARKME DOV #E J1 DN fRRE DA 2 D TITIRE IR A7, B IKFEEmD 5 2
EMNTET-.

4102 HAREHY Y FEDEE
AMFETIRBELIZZETF v —Y I AT 7 HEIKIE I 2 L—3 3 o L0 ERICBNT
10pF DR A 7 M 100[ENE E /NS K 2o TS EDRKNII N T VA Z DY — X,
RLA Ry 75— MOBIZA L 2BARER ORI LI TAEL L7 — FOFERE
rTEEZLND.
V3al—varyTH h I UVVRAFIIARAE L TV DIFAERRITIHIBEEZEI N T
LN, EEHESINTZT v 7O R T UV AZIZIIAOBEURDB R S D, R—T7REII T
O BRELEST, VI alb—a ERNFEREIENEL L. 1EROMENL F T
VA DT — NEFAERBEITB LZ 10~30F LB TNAD.
ﬁa@mwﬁ=§%m%LTNKHViJwaaykimf@wvyﬁﬁ%ﬁﬁb%m
ZNDEE DFENCpymp PIEERD D &, ZNZEFL 6.59pF, 7.57pF (272 ) ERIET » 7D
Coump!T¥ I 2 b= a v OZNEY 147%IZEREVEIZAR D, F&EFLT2Chyump DA EAR
T2 100fF O 14.7%|% 147fF TH VY, THRINIEHFEABFEEOEOHIBNTHD Z LD,
ZOEITF— N E mBAOFERENL R TCVDEEZEZOND. 2, Ty THOBRET
THREANRNTYXIZE S THELDZ AR —2DF 7y NEEOEHNRKNEZ XD
MEETHAD.

4103 HEBHDEL

ZONMITIHEY I 2 b—ra v EEROMICAE UTHERE ) ORRZEICONWTELET L.
Fx—Y NI AT 7y, ZREERS, £ LTa Nb—FE550 3 2 Fnlsr it TE
BENERE LN, T0 5 LBWRELEHNTHERIRO D REEDOIRFIZ LY InA KT
H5Z LU EDIEENTIR NS T2 loOBETHE L. 7272, v Ia2lb—T 3 BT
LB > OMEEERIL InA K THY, KREWVEWVIFAELTWHWRNTHA ).
F¥—V r 7oA77 LA R — 2 F ELLOWEBEBN L FEREICL > TK
XL RD T ENHERE. AIROBY F X —Y b T AT OMBEBEBIOEL B EDTND
DIZAA v FEZRETH Ny 77 THY, Ny 77 oA L—2 67 D F LR @fES
BT CVACHMI LI BN &N E T 5. 2 L — 2 32O TAE 0 WRES 7L<
W2, T —V b T AT ILICEEBENPET L TWDS. ZORKNZGH T 27201
AT =2 2 HWEEEZ Y I 2L —2a &7 L, MEENIT 5.83W 2R VR
BBV ICWHEBEE NS L TV ERICRBWTHEE NN E AIE S EIENITRIE
ROBERENI AR EICL D2 bDEEZHND.

56



410.4 RETELiKEN
RTLUURAEDFERBITRENEG L 2 HICONKEL 25, BENREGL 2HIEET X
AR—NEL ) F UBEREMENT L SHESNIXY U THRELARINETHS.
FEBRNKRE BB DIE LY EVpp T 5720 IS EARREREEIT NS 720,
Fig4.82.1 DX HIZHEBE TN OB ZRED. WEDHEENL FEREOMITB LZ
017fF L L=t EZ BN,
4.10.5 EREEEFNE
NFUURE DS — NEFERE L pn AR BITEREEOZITH L TR osm g R
5. BEREL Rolob 7/ — NEFERRITIRE 250, pn BARREITNEL 5.
FTNOOBALNIRIERITH S Z LA Figd.8.3.1 ORETERE RN L 5 2B IT2 -
FERETHS EEZ O, FiRlkzRo 5 2 L3 TER0n

4.10.6 /\T Y XHtEE R OFH

A/ CER L7 L 9 ICHE SNIREZ L O#HNTE L 5 FEREOLE(MITE L%
017fF TH 5. ZORBETH TV Ny DZENE LRV D IZEEE720120F, HED
AN BT 6TV,02ED G, VD1 By MED ERSNPRE RIS 720.
AR Z DR ETTZT Coumpn & BEEERD D &, Cpumpn >140fF TEHn >20 B
DEETHD Z EN0D. L LEENZ 0542 L T THHFAERENELT DR
BOVOMIZFENR I TV DA Ny (LT 5. VA8 VpplHTSUNe & & O F AR A
b3 DRI DR +53/NE < 72 D T2 DI ECpympn >160fF TEHn >22 B ORABLETH
5.

AEDFEELED

AETIIE 3 ETRT T REMBEO MRS L OO MEER L2 BT~ ZBEFv— b
FURAT 7, BT ALy a L REECEIET D N T URZ BN N T DA S SE
TR PREE AR AR, Ao S L— 2 THER SN H LR RS R ERS 2R R L
oo BANZEZETF ¥ —2 87 027 7 2B, KiEst5, £ LT SPICE ¥ al

~v5ymiofﬁﬁun&@%%—VF?VX77ﬁ¥%%KﬁM DHEHL L C, T

pump

END RC B TE S Z L &R L. RICBREELRKER L 2 L—FDE.
R 2dER 2R, 0 TR SN D8 LVRERIE OIS & 8ifEE2 R L7z, kI
SPICE v = L— g ERET v TOREZITWVIRE LR OFEZRGELTZ. £
L CaXat L7z [BI#& A% 10pF &5 D 100fF D2t A 85 7 hAETHRINTEH Z & &R LT,
Fio, 1 EORHOBNEER SNDENL3.8uW TH Y, HESINDTF X —(X3.56n] T
HDHZEEMDZLINTE, DI, BT v —V T VAT 7 E VTR EE AR

57



B 3 ECIRE LRI & LY E ) IR R, BRSO T X Tomizlsn
TENTWAZ EERTIENTE. F 4 EORRBIIIELNTZHIERRIZHOWTELE
1o 7.

58



BSE WRESERORE
5.1 #55R

AFHICTIE, 0T S RISk T 2 ER LR Z I L, T — % 28T 572D R ED
W N LR RIS OFR_EE 1T - 7.

B 1ETEET 0T OEEEZRHEIT L, TIDNAS ELEND LT oT=HE 5 e ToT 2
AT RF TR, 2 LT loT M RBFOMisatt L 2N a2 wikR T 272D ¥ =
U7 4 BIEOMEEZIRRT-, &5, ToT ik bicF SN X =Y 7 o RIS HT- T
REFMEBRR, RO BOZEZHA LML, R SLOWRERT L

B2 mECTIIFREORMICIA AV HiLd RC BERE, Fvy—Y R T2 7 7K, Z L
THRT Al OHARFH L BEER A Rk, FRIEEEORFSOAY v heT A
v hEIEE L., 2 UCIHBRE ), FEOHYE, N7 Xtk EOERZEE LR,
AREFFED B EERT D103 F ¥ —Y F 7 VA7 7 RIEN R b LTV 5 &
7-.

W3 ETIEITF v —Y P TR T EE AW AR BRI AIRE L E OFEL L)
TERFE 2k~ 7z, RIZEE OB OFE LVERGHES 238~ BEFRII 725315 & SPICE
R b=y a XY EEORREEZT o 72, ZOFEEN HRE L 72BN 10pF DR ED 1%
OEALERIE 7 0y 7 D162 BT b E 1635 BTy hOETHRINTE D2 LA LEZ. £
L CEIEOHEFEEINL 203uW TH Y, 1 FIOBHEICHE T 2 =3/ ¥—(X329n] THD
TEERLE WBRENDITZRLE—DIH 9% ER T R L —F THE SN TWVD D
LERRA, TNEUETARI AL LTET . 20 bIRERANE, EIRELEKFNE
REORBEENRE LEZFKICHD E NI ZLE2MBD I LN TE.

% 4 BECIEE 3 B CHT T RERKOME S KOS fFRER LA BT R ST v —
N7V AT 7, ¥T7 ALy v a/b FERTEIET D N7 PAFZEZHW N T A% 5
JERIBIRE L AR, F#Ra oL — 2 TR S 28 LA B LR R & 324
L7z, mANCEZET ¥ —2 F 7 A7 7 MR 2 imat A, BEF%, £ LT SPICE v =

L—ya it ko THREEL, n BBOF ¥ — k 3yx7775‘>‘9§§ﬁé@c:}c@k% X OEEHnE

DON67 5 RC BIFKICERITE 5 2 L &2R Lz, RICBRET AR L a2 L —2 O H
R ER RN, 0 TR SN D8 LUVRERIE OIS S BifE2 R L7z, kI
SPICE ¥R = L— g & ERET v 7OREZITWVIRE LB OFEEZRGELTZ. £
L CaXat L7z [BI#& A3 10pF &85 D 100fF D2t A 85 W 7 hAETHRINTEH Z & &R LT,
T, 1 EOREORHE SNDETL3.89uW THY, HESINDZRALX—(T3.56n] T
HHZEEMDIENTE. BT, BT ¥ —V N7 U A7 7 AV FEZ R E
PEIL 3 B TR LI BIE & LB E ) IR, BIREEKEEO T X TOEIZH W

59



TENTNWDZ 2RI ENTEZ. BRICIIEONTZIER RIS ONTEREZITV b
TUVRAL DY — N OFERELEEREN 1% ELBT D 2 & CRERGENE, BIRETE
RAEMEDRE L D 2 L RN DT,

52 SROEE

A IEHER Lo B EZ LR R DT Y KPR ST DR EC,OK) 1| N—t 2 |k
ThHhoR, BRETHEET DL 10fFIZETHIEL LTWEESD 10%IFEDRESITHD.
ZOBEDFRIKL N T P AZOFEFRT L ENRROIRE, BEKGETH LN, T
TV FEEZAVWTLRAICHET A Z LIETE V. 22 CHRELZBIE XL VIKET
D FEORENSHLOREL 70D,

MAEE T 5720 OWERE L TEBELEO LA L ERHEE 02 o838 25615,
FTSRELED EFICONWTIERD. Fr— N7 A7 7 [EE TRV EH-T 51220 A
A v F O 1 BIOHBEOELE EFEIZ/NES <20, O ERICREEN 005 . SRRELE DS
<ARIUTZD XS RV, O EFIEINS W CEBEOREIT ) 2 LIZRY, CoumphiED
REVHATH D8NG, DFENERD Z ENTEDAREMN DD, 5T D2 LT, %4k
BaE+HEHTEDIZEDRE NV Cpymp & AV T 1%DFBELEHRLTE 2 RN H
%.

WIZEBEE TH D, 5 4 B TRE LMK E ZOWHNCAF~, FHOCE LTIFmi L
W ORE, T L THI R HDCE LU T REICITWEREZFET 5. gz
WTCHREE, BEEREMEIZR U< BB 280, Nipy DHERME T1E 7 < WA 0 Ny, D 757 6 B
THREOELERNT S LT, BE, BEERGFEZMEELY 5.

S, ZO2 OOFIEOKEZ IR ZAT .

60



S5 3

[1] Roadmap for the Trillion Sensor Universe -- a Gilt-hosted, Internet of Things talk by Dr.Janusz
Bryzek. SlideShare, http://www.slideshare.net/LappleApple/t-sensors , 7 7 & A H: 2016 4 11 A
28 H.

2] €E/IAFYLAHP. [/ DA H—x> |, http://mono-wireless.com/jp/tech/
Internet_of Things.html, 77 & A H:2016 48 H 29 H.

[3] T.Terada, “Intermittent Operation Control Scheme for Reducing Power Consumption of UWB-IR
Receiver,”, IEEE JOURNAL OF SOLID-STATE CIRCUITS, Vol.44, pp2702-2710, Oct.2009.

[4] ROOTear. El Internet de las Cosas, el proximo paso en la evolucion de los dispositivos intelignetes,
http://rootear.com/web/internet-of-things, 77 & A H:2016 48 A 31 H.

[5]1 IoT/CPS/M2M b HiTHiss & 7 /3 A A« BFEHLTR. 2015.

[6] A.K.Khan, H.J.Mahanta, “Side channel attacks and their mitigation techniques,”, ACES, 2014,
First International Conference. IEEE, 2014.

[7] C.Tokunaga, “Secure AES engine with a local switched-capacitor current equalizer,” ISSCC Dig.
Tech. Papers, pp64-65, Feb. 2009.

[8] M.D.Verdieralet, “A side-channel and fault-attack resistant AES circuit working on duplicated
complemented values,” ISSCC Dig. Tech. Papers, pp274-275, Feb. 2011.

[9] N.Miuraal, et al., “A local EM-analysis attack resistant cryptographic engine with fully-digital
oscillator-based tamer-access sensor,” VLSI Circuits Digest of Technical Papers, pp10-13, Jun. 2014.
[10] L.Huang, et al., "Ultra low power wireless and energy harbesting technologies," IEEE
International Conference on Communication systems, p295-300, 2010.

[11] Y.Zhangal, et al., “A HIGH-SENSITIVE ULTRA-THIN MEMS CAPACITIVE PRESSURE
SENSOR,” Transducers’11, pp112-115, Jun.2011.

[12] José Maria Gomezal, et al., “Force-Balance Interface Circuit Based on Floating MOSFET
Capacitors for Micro-Machined Capacitive Accelerometers,” IEEE Transactions on Circuits and
Systems-1I : Express Brief, Volume.53, Issue.7, pp546-552, Jul.2006.

[13] Kelvin Yi-Tse Laial, et al., “A 3.3V 15.6b 6.1pJ/0.02%RH with 10ms Response Humidity Sensor
for Respiratory Monitoring,” Solid-State Circuits Conference (A-SSCC), 2014 IEEE Asian, pp293-
296, Nov.2014.

[14] Miroslav DulikJureckaStanislav, “Measuring capacitance of various types of structures,” IEEE
Transactions on Instrument and measurement, Volume58, Issue9, pp2931-2937, Aut.2009.

[15] Danielle Griffithal, et al., "5.9A 24MHz crystal oscillator with robust fast strart-up using dithered
injection,” IEEE International Solid-State Circuits Conference, 2016, Feb 2016.

[16] Shunta Iguchial, et al., "Variation-Tolerant Quick-Start-Up CMOS Crystal Oscillator With Chirp

Injection and Negative Resistance Booster," IEEE Journal of Solid-State Circuits, Vol.51, Issue 2,

61



pp496-508, 2016.

[17] Behzad Razavi(2001), Design of Analog CMOS Integrated Circuits, The McGraw-Hill
Companies inc, (M HULEER)(2003), 77 12 CMOS £EFEAIE D% EH LR, LEkks
), p64.

[18] W.Kung, et al., “A 0.7pF-to-10nF fully digital capacitance-to-digital converter using iterative
delay-chain discharge,” ISSCC Dig. Tech. Papers, pp1-3, Feb 2015.

[19] H.Ha, et al., “A 160nW 63.9fJ/conversion-step capacitance-to-digital converter for ultra-low-
power wireless sensor nodes,” ISSCC Dig. Tech. Papers, pp220-221, Feb 2014.

[20] Z.Tan, et al., “A 1.2-V 8.3-nJ CMOS Humidity Sensor for RFID Applications,” JSSC, Vol .48,
Issue.10, pp2469-2477, Aug 2013.

[21] S.Oh, et al., “15.4b incremental sigma-delta capacitance-to-digital converter with zoom-in 9b

asynchronous SAR,” IEEE Symp. VLSI Circuit, pp1-2, Jul 2014.

62



AHRICEHT 5HE

(1] RNy T7r, @E B, BIFERE, “ToT SA %9 2 WERR BN ) 72 561
R EOMNE LR R O FSE,” i‘-a%rﬁi& BEFS2ERE, C-12-22, 201643 H

)ﬂ]I}E

2] RNy r YTy, @mE B, BHERLEFYr—Y N7 ATy AW EREL
BEIX SO X(Zr /N A R/ A &2 bR R, EE ol E S sGe SGE C,
Befa T e

63



ARAFFRNEH KPR PP LR AR ER R LPHEREA R 2 — ADE LRSS
WORGE  BEEIRO ZEE L THIFEO TICITON b O TH Y, AR EZITT HICH
o TELERRHEBNEE L N T2, Z L THICHREICHLIAD D L H IcFE
M, EHREICB W TRRRO ZEEEZ W2 W22 SO TIESE#HOEEZ R L, < B
Lo LbiFET.

EE EAEBIRICIIMRE ORI T DRNER & 7 RS 22 W2, FREEDD
DDOHBRLT = NOWIHEL L TOHLRNEREZRLTWEEEELLE., ZOBHZOT
RTIZOWVWTEHN-LET. WObir TRSFY, Roc 2 RS DEICH NEELET
WWFEZFELTLKES oA AT A ~—T7 AVEE, & \BFED#E, & WHZSRR, &
& SERARMFEEAR A N R 7 2 H)ITh L X VS LET.

[ CAFEE CIRAEZ & HIC L, FRHOITE LSRR LSRR EZ PR — P LT E& -
mEIE KRR L 34F), T VT Y UK, & RKBRORFEER
TRME 24, A MR, 1IN BERE SRS LR 1B EHVZ L ET.
Rz R U< LTAFL, ERRWRFEREATEO T TH I LAEVBEWEWRN LB HENE
WdH ZENTELERBIOEE FHMR(GEMARELRRE2F) L, BT EORYE LK
DEFLEBICHFRICHE G ) KL BN S B/ h8E A KRR EE 15 1),
FE HEKEEPREE LR LI H LIV ESZ LET.

L0 b, NFMINS RO, £ 7 FOW T, BFEoiEn 7 SR B84
HH6DHTEDOFFEELTNWEESE, PRAEGIZEBNTHRNOMEE, BALOBSE, &
HOFFIW2FETHEZELET, HEOELLZATMERVANERDT KA A
THWTL S o R RIERAFFTE LR 2 F)ICIEHOSE R T 2 ¥ A,
FRARAED BERED HEXEE, MIEROMERL, 7 — X IEICE L E TICHE D AFRSLOM 4 12 FE TH
KON LTEREND ZLE R b LE0BILAEL LS, 5%0FELRL D
IEHEZ BT LET.

FHEFRE ZRE L, FRICET X HREAMR L TEEY, HxomfEznid L
IZHBED L TMEICKE L TWEEWERE N —EH L ERE B FRICHK
=L ET.

AWFFRRE TR T 570D RGEEZEZ T RS>/ EETHteEsE Kbk
8, £ L CEBROEB A L Cnzi2nizAmMEEN  AAREBREE RS, £ L THA
DEERE L2 HBEOICE T2 D& ZMT L TL 728 o7 AARER K OYE HANE A%
MICHESEHHOBEEZ L LET. EERBEOTFERICB O T 2 THT 2RV
o ABDRITEHN T LET.

A7 g L LN R D BRI H T > THRE L 2 < BIEEIC A - 72 Twitter £F,
Amazon.com 2 IS L ET.

64



Wi & XS HEEL, WHOSELLOLOHES TLOXZIT/R>TLEE oK
ANREE RIS, i EEK, Sl KR, Sl K, b KEHK, il =%
K, FE #ECbBILBRL BT ET. ATEFEIEITH LWBLED» D DERE S IEE o7 FRR
YTRXARK, BOEADPLKEMETE LIRS ETILOLE LTOBTAL LS T
So7cfB AR, HObLELUVIRGICENNRDS S b RN REBE TER L Les
BER, NELTRETH00ELZRTIHMEALTH- T T E S o ilELs  IRAfIE,
F U< IELWLOIED FIZOWTE RS & LTWeEWERSE  JIREE, E¥4ETH
LMD b T T NDEITIRKRIBO IR Z 2 W22 WM DRI G L B £

YHATERENEONTHEDIARMA TV &, SIHELTZOORNIORE -7 aH
WK, R I, B BrS, KB BRICHE#HWZLET.

BBIC, BEEZEUUNMEZE LERD o724 MEER W, T LCRUISELT
<t EREICH TE LR OBILHA L B ET.

65



