%
#

MERTHREF

[BRIEEIGT RLE— T — X H A B 10T 2
TFZE1 2020 4E 11 A ~2024 4 3 H
i ge FH: HrE

1. WFFED B

AWFFREOENNL, BENEPNIZREICHEIGL CTo X =T — XA MICEE TED
0T OIBEHANARELR T HZLTHD, E{ZISE’J I, BREEDND O = LX — I HE A REME & AL
(HIWTL, T — S DLRAT - ALBR - 5 B2 2 il | A B D E O % B R T,

DI, AFERHE 2B U T, BREEFENODOE DA THNLENWERHEZR 10T s aAEEEL
NOETEN L= A —AZREZTHIE T, — T/%n—bwﬁi/\@%fﬁ ZHBRTHZE
T, BT D loT BMEEIiE | F2ER0 8 RERMRRIE FICSRIEL | EEMEIK T A2
TR MMEFEFEETO,

HARR WP ZEB 76 H A1, CPU =7 (Hp o s R AL 2L & Hh % = 7 [B] % | Central Processing
Unit Core) IZFES/2WN T RV F— 7 —XE S B 10T B IROME THD, A~v—r7 111
FOT IV r—varTaty B IZ BN, FHLRWERRI T vy 7 O E 71250
T 72912 CPU OifillNE B EBIL TS, ZiUE, Wb D H BRI O = 3L X —F
XThD,

+4372ERED CPU a7 R0+ 723t Y Y — A A &2 10T 128V T, A LW (1]
7 vy OFEE S HIT 52 S IXREECh o7, 22T ABFEICB WO R EER T
322 N O T =L —EE G R oower 2 BT,

2. WFIERRA

(1) B

BREED DD T L —IHE P REME IS U T, BARRIICENET 5, BREE S =L — & 5
loT JARAEFE(A] IR 720 ONCER BRI S = /L — - 7 —Z e A B 10T R EFER S OB S 1T
RIh L7z,

BREEIE I TR L — A 10T FURAERE IR IRV TR, BREDEIS U CEIRE BRI O
B E2 it 3 DB BB I O BH I I FI LTz,

BREEIH I T RV — T —H IR A HL 10T AR ERRIIKIC BV T, J\J‘Ja"ﬁ“ T
CTHERZRIE T 0y ) BHEMITEE LIS LS DT THE T 1O AN ) B E A
ZRHOHIEIZEIIL ARA T BRI R AR & B kAR LT,

(2) FAH
BRBEM )G RV — BB |oT JRAE R N %

X 1128\ T IRETHBRE DO T RLF — UL TBR BRI U Chlifk ) 45
Iz 7, =X —IEEEIC 3T BB B LN HEMEREA AT T D52 L3 AT RER A
I —Z 7 VBN — 7 i (BB BT A U7z, SRR OIREEZ L B A o=

deHiit

1



FF— IR O MEREZ Tl 375,

BREEVERRE AR 7 4 N A — R TR L, E ORI R4 252, SOVD(Self
Oscillating Voltage Doubler: H S IRFUE LA EFIFE  * BELHLOMH 1D 0.4V OF
F T, — RO ToT BREIFEOBRENNEHEL -0 | 252 E DB H LT DR A
T )OI EE A RiE LT 2,

Input signal
— SOVD

V,, | (CORE)

hv

Switching

Isolar - _(_: I_I’f E lt_s -
Low-speed llluminance :‘1 High-speed
DLS mode > »T+<  DLS mode

1 RFBUAREEGE T )L X — IR R

2L X312 360N T, BARRYZ2 FEEERI B[ 2R, (X273 SoVD B, X375 SoVD Bl # 4
KT DAL 3—Z Bl T D, SoVD [BIEEIT, AL/ \—H Al ERIE T 1y Al /3
DA INOAERRS LD,

BREISER OO IER (K312381F5 Lsolar) (2T, SDLS logic inverter
(Scalable Dynamic Leakage Suppression inverter) il il 8+ % H 1/l 35,

‘ i v_—‘it Delay |[% Delay |- Delay | |
§|N1 P - —E—Pb . = >: Block F >: Block E >C Block

____________________________________________________________________________________________________________________________

2 RETHREEE)S SoVD [EIE

deHiit



SDLS logic inverter

current mirror 1 Voo

—_— e e e e — = —

low-speed high-speed
DLS mode DLS mode L

3 BRI IBEABELA A A—F[EE

B4z WT, EDTIalb—TariEiaxd, TSMC 22nm #{KY— 27t CMOS 7’1
TATEEEARENRL T, a2 —ar 2 F iz, REEIST THIEEE D s ks
NHZEu MR LTz, WHFER % IEEE F e E B LASCAS 2B W THRELZ,

0.4 a4
0.3 13 —
=y - <
R 3
% o Isolar —o-VCP €
s 0.2 £ 4 2
= ‘ g
’ =
>O . —o—VCN 5
. o
01 & 41
Pl
0 ! H ! 1 0
0 500 1000 1500 2000 2500
llluminance [lux]
(a) (b)
08 60
E 0.7 50
g, 0.6 " —o— Vin=0.2 E 40 —o— Vin=0.2
& o5t - VN=03 | 5 o0 | —o— Vin=0.3
= 1)
g 04 | o VN=0.4 5 w | —o— ViN=0.4
s o3 | o
.’?..L 02 | E 10}
5 O w
O o1 H H L 0o
1 10 100 1000 10000 1 10 100 1000 10000

Load Current [pA] Load Current [pA]

4 BRETEGE T RV — IR B B O REAfAS R~

deHiit



BRb it i = RV X — - 7 — ZIR SR 10T JRE R R

X523\ T, BREEHEIS TR LF — 7 — S A B 10T HAREREIRE ORI T —F7 25
Y ZRT,

TR Gt v o 7T — 2 G G — DV AT LG EE v TR —IR
{ELTITHIV AT L) IZEBWT, AJME B L BIRETEO SRS CTEfESE 5 R AK 7
7% AR EE{E L ARE NI F 532 FEZBF L2, 22nm CMOS 7'mEATD
S AERAEREA] I T S A AN T, AR FERELTZ,

VIN
VIN
I Output freq. &
2-bit digital code
Bio- Vi
fuel-cell
output DLs || oo o 111111 v2
Input thermo-|| 11 © 1111000 Y1
supply l)'to-
voltage, inary —"m"l-ml".
Vin encoder D2
Time  Amays-ON nn i
. g V. h— ) 1
ring oscillator DDth_low
(Frequency out) Supply-dependent- Used as data-storing clock
activation buffers
with different Vg,
D
(inring
oscillator H Y1l
) o MD——
L .—»— @n E
Y2
Always-ON ring oscillator DLS thermo-to-binary encoder

5 WEFEISHTRXNX— - T—FHAEH IoT LB K OEREX

K6IZFMELTZ 22nm CMOS 7'a N7 A 78R EEFE R T 7 O BB LA RO~ AT L A
TR A= %179, INAEFE COFEIEICR D LT,

Supply-controlled ring oscillator

1 e )
m‘ IEEEE . Thermo-binary mm
St e ol EEEa® . encoder
22 nm CMOS ! I @E@mll —
i EEEEE [=1=1=1=]=] .
prototype chip ». P RCe | Sv— | :,

0.033mm

6 22nm CMOS 7' b A 7 Y8R EFE R T~ 7 D BB LAHEDO ATV AT IR A=

detit



TIEEREFE R T 7 OF IR a2~ 3, BIREIL L2 T VX B AT 28 E%
e L7,

%10" oooao

“01” oo

Output Code

“00” o=O=-0-or
0.1 0.15 0.2 0.25

Input Supply Voltage (V)

5 1
=3 anb®
S o> INEA a
o o A
- € AL a
S o5}’
= O a
g f_j A post-layout simulation
= M chip measurement
o
z | |
0.1 0.15 0.2 0.25

Input Supply Voltage (V)

5 BREEHIG = L — 7 —Ff G PR 10T H SR AR IR oD SE AR FE AT IR AEAM G R

KT, MBS 2R3, TERBATI T~ T, R HIs /N AR L A R L7,

Isscc’18 TBioCAS’19 BioCAS™19 This work
Technolo 180-nm Bulk 55-nm DDC 65-nm Bulk 180-nm Bulk 22-nm Bulk CMOS
9y cMOos cMos cMos cMos (Ultra Low Leakage, TGO Tr.)
Burst Pulse SDAB & SDAB &
Topology Delta-Sigma Dual-Oscillators-Based Probabilistic Thermo-binary
Counting
counter encoder
Output 60dB SNDR 8-bit Code 9-bit Code 9-bit Code 9-bit Code 2-bit Code
Input Voltage 03V 0.75-1V 0.225-0525V 0.18-0.35V 0-1025v 0.1-0.25V
Range (Simulation)
0.0069 mm2 2
fosc.: 0.00024 mmz| 000028 mm*
0.1 mm? SDAB: 0.0036 mm | OS¢+ 0:00024 mm
Footprint (mm?) : 0.0047 mm?2 0.0032 mm? 0.018 mm? T SDAB: 0.000018 mm?
(w/ /0 Pads) 2 X
Counter: Encoder:
: 2
0.00306 mm?2 0.000022 mm
Footprint (F?) 3,090,000 F? 1,550,000 F? 757,000 F2 556,000 F2 14,300,000 F? 579,000 F?
Conversion N/A 6.2s 29s 117-673 ms @S%Oln;;v @20 ;31';'55\/
Time @0.75vV @0.25v @0.18-0.35V (Simulation) (Simulation)
122.5-426.1 pW
Osc.: 0.5-1.1 pW 0.9-2.6 pW
Power 180 nW 30.2 W 32.8nW 450w SDAE;?;;S,O pw S()Ds,fg.odsz'_ll'loppv\v,\,
Consumption @03V @0.75V @0.25V @03V 88-255 pW Encoder: 0.2-0.5 pW
@0.1-0.25V @0.1-0.25V
(Simulation)
Necessary 42.6 mm? 0.26 mm?
Glucose-Fuel- 18,000 mm? 3,020 mm?2 3,280 mm?2 450 mm? (Accommodable | (Accommodable in
Cell Area (Tear) in contact lens) contact lens)
Glucose- P g Light Glucose-powered-| Glucose-powered-
Application powered skin- L(':g(;[ﬁ ;z(m[e;{d L(‘:gGh,\; Fé%‘::g:f -powered and-sensed and-sensed
patch-type [NCGM contact CGM contact  TSNCGM contact
_ —
Vin
Oftchip C
y o, Con Modified
- 0 0-9— H|| from
e F - the left [4]
© °uT - N(Replacing
| o 5
5[ =9 27
- o
a = supply-
Diden( = delay M
onl- [ ] e ,mesy) Employing probabilistic
insensitive) CLK nature

ddhit



3. S%ORER

AT, RSEPTTHFE L loT BT A B HIF L CEbITESEC0E  (KE b
e 5 1 nEagEds e BT,

IHIT, 10T FBEAINZTE AL 10T 7Ty 74— L —EREFFETHIEEHIFL TV,
BARW 22T 7V —ar kLT, FibEE =2V T A~ —ha B A0 (RNtE v
VISR E DT VANV BRI RNE =X)L T BEREM & DA~ —FAT U MR EDREE DI IC
[ C, loT i 298 i L CE DA A EFEL TV,

4. B

MFEBR I T, B0 BEE CHA B IZ# G L CEEZE i (b 32 O BAFS I psh &
HIEWTE, WHERRFE 28 U T, o B R BRI 7 aE A~D T 72T HIL, 12nm
FinFET CMOS <° 22nm CMOS 7' et A TO%EH s EEITHIZENTETZ, 414 FIHIH PFEDHR
FHIENCT, B2V T A IO THINBR LR R 2 ED T ZENR KB THDHEE 2T
D

5. LZRBFIERRY AR
(1) RFA7e5m S (355w S0) Fe 3
WFFEIATH] AR 331
1. H. Kitaike, M. Inada, M. Terauchi, H. Tagawa, R. Nagai, S. Xu, R. Zhang, K. Liu, and K.
Niitsu, "A 0.9-2.6pW 0.1-0.25V 22nm 2-bit Supply-to-Digital Converter Using
Always-Activated Supply-Controlled Oscillator and Supply-Dependent-Activation Buffers
for Bio-Fuel-Cell-Powered-and-Sensed Time-Stamped Bio-Recording”, IEEE Symposium on
VLSI Technology and Circuits (VLSI), pp. 1-2, Jun. 2024.
TANF—INHERN R L vV 7T — ARG FE— D AT L (GsEE v Tk
—RMELTTIT AT L) IZBWT, AIME S L0 EIRE LD SRS THIfES 5%
A7 vy 72 BN RE(EL AREMEICH 595 FiE2B ¥ L7, 22nm CMOS
TR ATOFEFERERERIR T A AZIBNT, AL FERELT,
2. G. Chen, Y. Wang, T. M. Quan, N. Matsuyama, T. Tsujimura and K. Niitsu, “ A 0.5 mm?
Solar Cell-Powered Biofuel Cell-Input Biosensing System with LED Driving for Stand-Alone
RF-Less Continuous Glucose Monitoring Contact Lens”, IEEE Solid-State Circuits Letters
(SSC-L), vol. 5, pp. 41-44, Feb. 2022.
BIFUE RTREMED @ BRENEONDBREEIZB W THILENET S 10T RO L
1Tolz, B LRLNLE 2L T, LED Z8RE 422 LT PILT,
3. X. Chen, G. Chen, X. Yu, Y. Wang and K. Niitsu, “A 52.3% Peak Efficiency 22nm CMOS
Low-Power Light-Adaptive Self-Oscillating Voltage Doubler Using Scalable Dynamic
Leakage-Suppression Logic,” TEEE Latin American Symposium on Circuits and Systems
(LASCAS 2022), Mar. 2022.
BREDED D T L — A TBREDGIREE TS U ik | 328 2 1R 8 LTz, =1

ddhit



F— IR T, JHE ) LNV REZ W AT D 2L A e/ A — T 7 )LVEIRY Y
— 7 P RS BT A L7z, BREDEOTRIE 2 H LT, MR R a B o1 — U]
HoOMEREZ RIE(E T D,

(2) R’ s
WM RS off (R AR ObL ORI DA E )

(3) ZDMDRF (B R RFER ZH | FEW ., TV AV —25E)

1. IEEE Circuits and Systems Society, ISCAS 2023 Best Paper Recognition, "A
Battery-Less 0.37 V 126 nW 0.29 mm2 65-nm CMOS Biofuel-Cell-Modulated Biosensing
System Featuring an FSK-PIM-Combined 2.4 GHz Transmitter for Continuous Glucose
Monitoring Contact Lenses", May 2023.

2. %5 10 [ELER SMI H- B (R E R = AT ENE N 5D SMI), T3 A58 dE L
BEEIRERRR A AW E) AL~V AT T 10T), 2023 4 1 A

3. ASP-DAC 2022 Best Design Award, "A 0.5 mm2 Ambient Light-Driven Solar
Cell-Powered Biofuel Cell-Input Biosensing System with LED Driving for Stand-Alone
RF-Less Continuous Glucose Monitoring Contact Lens", Jan. 20, 2022,

ddhit



