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A Study on Small Light Amount Difference Image Sensors for SNR and Spatial
Resolution Improvements and Sensing Applications Thereof
Shota NAKAYAMA
Supervisor: Rihito KURODA

Basic research on blood glucose absorption imaging as an application of light absorption imaging using image
sensors was conducted. The results of this study will contribute to more convenient and safer blood glucose
monitoring. When realized, the more than 600 million diabetics in the world will be able to measure their blood
glucose levels more easily and safely. In addition, the experimental system was improved based on the problems
found in the basic research. In addition, by applying 3D stacking and SiN insulator deep trench capacitors, The SNR
of the micro-light intensity difference detection image sensor has been further improved. Additionally, the prospect
of pixel count reduction was demonstrated. This research technology will lead to the spread of more accurate and
versatile absorption imaging applications and contribute to the realization of Society 5.0.

1. ELEsIC

society5.0 (23T DI H D 1 LU T, CMOS
A A=Y (CIS) & AW v 7 Hil~ D 1]
FNEES DY, ZD 1> THLWE T,
EX R a B+ IO RINE G E DR %
ERINRD L FIETHS. (1) DT~ Lk~

— NV DIERIDOWE DR EZ R R 5T LN TED.

1 I, A,
C—*zlogmz—z (1

ZZC, ClEEEmol/m? |, alIW AR Ek[m2/mol],
L 3R [m], Tl ASIEIRE, [IXFEiE R,
AT EETHD. CIS DK TR 21T
WA A= 7 CUL, BREE 534 O "Lk SR 68
OB IAFNZ L BREEE R EAFTRETHY, Dl
TEREEEIZLL F O CRENDIE Bk b (SNR)
TRESND.

Nsig

Wi + Gy

~ 20 log(,/Nyig)[dB] (2)
ZZ TNyl HE T ETH, gyl T AT L/ AXHE

£, CG (X EMELELLS A ThD. VAT LIAR

P CTEBRIUCI N T Ny, THENDT+

Noay b A RISKEL 72l oy 72 DT, (2)=D

SNR = 20log

BT HZEnTES. oL, HiK PD %
e — Ao A LRI DL L ORSEETh
% 80dB FRFEDE SNR #ERK T 5121, 100Me-LA
FOEBRE S LELD, AKHFGEO B,
W B A A= OE SNR (b, £
FROZOIEHEITIZETHD.
2. & SNR oY FRW-IPERSNA A= T D
EBEHR

AR, ARG EE O e & & BB R B B O
FIEITEINL TV, MBEENEDTFEL EES>TH
%. AR ORI EMER IR TRECY T LS A LPEICER
RENNDHY, HAZE DT LA LI MBEZHIETED
TRARNETHD. HEHF O V—7TI,
24fF /um? D 5 FE N v T4 B F O 2 2 Br O R
F =N =T —E A R(LOFIONZ VA A T3y
LY 120dB #A8, # 5 SNR70dB %K L7~ % SNR
S CIS ZBAZ L= | Zhna vz 32—~
v LT3R MBI A A= T BT 5 KA
1Tol=. B LI EBRRADRA LML T, LA 2
T 5O IIMIERN TN DI LT, S8k, %
[ 2 BHIE A7 I CHFRL T, TR RIC LD
WA IR I MR E 2 —EITR DI LT
W%, TR THIE LT ORER LA 112
R [EFHEERE L G RISNATOIIE, D A
—NAZ 95% LA LD EA AL ERBD. K 218, A
DR ITEOBE DT80, 7% Bl U B4l

© 2022 FALRAESGBETZERT



SH44ETH

W5, TEMEDA A= TR LT3, 45 DI
U CHAT I 272D 3B 2 @D D 03 D
ZEDABNI 0T,

w
=]
o

T T

BT

- BiT2
B3

0 100 200 300

@
0.5mm

50

Y4 THIE L 72 M fE [me/dl]
&
o

0

ALK B AT S RLSk

BIREIC & 3 MIEE [mg/dl] 0.5mm

1:HIE LR RS X 2:JE LT 2E
3. AAMNBREAA—SUTICHIT-EREEL
Y RGINERG R T L

EBRA @ UGN IR o T i G E L\ OO RRBEI SR
LG, & SNR B OLHEHE AT, —RIZE
BT L DT\ AR/ AT LTRSS T
0 SNR 2ME T 35720, M T LVAYEKIZEDE
G L& T -7 SH FRIZ, mAEEEN T
KREEEATLZLETHREFIUAEE 3 550 1 O
AR IZAEDIA TR, ISR T L AJERIC VB A A fife
PRUTZ. ZHUCKOMEREZ 2R L L 3 0L
klzm EsEazEickE LT,
4. ERENEICATZIRTEEBHFE L YO
B iR i

FAFIERET E7=, M F R BEOmER AR
FDER—FM _ED PD D3/ NS Z2EE MK 5
LW T FITHIED OB T
A4 23R cHE#EEAVK 3 OIS CKE
LOFIC2IZ FNE K&/ Ea$ifi T HZ & T, &
SNR LI IC LA O = a E& B L.

 SESNREF L > H e,

v
LR HEFvT

{0s2 ZLOFIc2 | 3 LOFIC2' |

4Cs1 ;LOFIC1

SF
ACx .

e BEET &
3R LB OEIKER

T 7T IRV DR EREELTC, R —2E
Pitd 255F/um2 0 R B A W5 SiN ik
L T 4 — 7 N T XU X R L. fEE
T4 e SNR DOBMRAMFIL, B EARELI2DL
VAT I ARDEBEINRKEL IR DT, AR
WBLIRDZEN Dot TOMRIEELT, M
SEY TV T T T NI L. BEEZIT
ATEERSE LT, 2 B LOFIC Z4%8 L7~ Eimi BT
T UTZ. 3 IRoTE I IR R AR LT

(July  2022) —187—

LOFIC2 O& % 58.5pF £THLAL. SNR79dB %
RS RIA B Z S, RIELZE TR F 70
WL SNR DORIREX 4 (R, F7z, FEHFOH
P AESH -V OEIFE 145 SNR OBIfRE (X 512,
PERERE T 4-1 IR T

80
= 60 = =
»n 20 == ’
o P 53
1.6-03 1.E+01 1.E405

BB E(Ix]
X 4:75 SNR YEHE 2P D SNR #ik
#F4-1: BB LV OMRE#ET

HIREE 3.3V

Eu R 100%
Iy 200" x 200V
faFndE 4 430Me”
FUAZ R SNR | 79dB

10000

= LOFIC
o OPF
1000 || & Comp. Carrier Collect. —"

o Others IR Y
T (RA%)
3 100 n =
S L
£

1 L4

0.0 30 60 9.0 120 15.0 180
Pixel pitch (um)

5 HERE YT LEfE TR OBEK
5. E£E&H
ABFFETIE, CIS YA A—T U 7IEMELT,
MBEW A A= I T2 SR e A AT o 72
Fiz, B AEIT) TR L REICE S E
CIS # R L7z, 51T, 3 otk K UF SiN #tifzb
T A— 7 P F Xy U 25T 5287,
BN BEFERHA A=Y DOESRDE SNR 1L
AT T ARMFZEHANIE, KV @EREE DU
WA A= 7N D JAZEEDI, Society 5.0 D
FHRICTFH TEHEEB 2N,
Xk
1) Society 5.0 - BHEEANBER - BT, PRI
2) Fujihara, Y., Murata, M., Nakayama, S., Kuroda, R.
& Sugawa, S. IEEE Transactions on Electron
Devices 68, 152—157 (2021).





