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Development of filterless spectral image sensors for bio-chip applications.

Kazuaki Sawada

40235461
CMOS
FITC 63nM DNA 16nM

7,700,000 0 7,700,000
3,600,000 1,080,000 4,680,000
3,300,000 990,000 4,290,000
14,600,000 2,070,000 16,670,000

ISFET

LSl




)

I, = Al(1-e ™) + A2(1-e™™) (q)
I, = Al(l-e) + A2(1-e ™) (2)

11, 12 (W1, W2)
Al, A2
al a?
(11, 12)
Al A2
1)
2
60dB
pn
p

(3

CMOS

CMOS
3

1

Floating Diffusion

“4)

DNA
SYBR Green
FITC
(1)
MW~
HW/cmz2
w
w
300K 0.026eV
w
@

RO w

| |

WAL - L

(b)



p-well

p-well 4pm

[k
o

10%cm3

Non-optimized sensor [2]
substrate conc. : 2.5 w 1015 o3
pwell depth 6 um
SIW : 3.5um

-
= [ (3]
T
¥

Separation ineffective width (ur)
{=]
n

(=]

(2)CMOS

10" 10

p-well concentratior {om?)

Optimized sensor
substrate conc. @ 1w 100 emed
p-well depth -4 um
SIN : 0.45um

2-poly 2-metal 5pum

§.2mm

CMOS
*® 470nm = 530nm
250 ; : T
& meo}eﬁcalm';'eﬁ?mﬁ) L
5 200 :
E= . o
= [
Z 150 JES
% 100 “""
f - =
& 50 = Pl "‘e";mi":]“j", i
0 - i .
0 50 100 150 200
Irradiated intensity (530nm) [W/em?]
©)
LED
1:10
1:100
10° :
T sronm
= o——ei—o _ af oo
s REAw.
£ 1/100 /
2w
S
10' i i
10’ 10° 10° 10*
Irradiated intensity (500nm) [uWWiem?]
DNA
SYBR Green DNA
2
SSC Buffer
54 _8uW/cm2
20=1.4 N
S/N=3 16.7nM
FITC
FITC DNA
Aex=495nm
Aem=520Nnm

30

DNA



= r r
| iEx-:ta:b* ||';"'. (4T3Rm) L
= |
= 15
=
& yp| v=038+10452x ] il
E 1|:l- Flug rescence (520nm) J:fﬂfﬂ%w
= - 1
o ”fﬂ)
I W™ & @ W W
FITC conceniralion]niM |
5.8uM
68nM (LOD)
80
80
3
1) Yuki Maruyama, Kazuaki Sawada,

2)

3)

Hidekuni Takao, Makoto Ishida, “A Wide
Dynamic Range Photogate-Type Active
Pixel Sensor Using a Self-Regulation
Principle’, Jpn. J. Appl. Phys, val. 47 No.
1(2008), 173-178.

Yuki Maruyama, Kazuaki
Makoto Ishida,
Photosensor for On-Chip Real-Time
Monitoring of  Fluorescence  and
Turbidity”, Jpn. J. Appl. Phys., in press.
Yuki Maruyama, Shinichi Terao and
Kazuaki Sawada, “Label free CMOS
DNA image sensor based on the
charge transfer technique”, Biosens.
Bioelectron, in press, DOI:
10.1016/j.bios.2009.03.031.

Sawada,
“Multiwavelength

1)

2)

3)

4)

5)

6)

7)

15

Yuki Maruyama, Kazuaki Sawada,
Hidekuni Takao, Makoto Ishida, “A Wide
Dynamic Range Photogate Type Image
Sensor Based on Self Suppression
Principle’, Proceedings  of the
Asia-Pacific Conference of Transducers
and Micro-Nano Technology (APCOT),
95-MPS-A 0288, Singapore, 2006.

Yuki Maruyama, Kazuaki Sawada,
Hidekuni  Takao, Makoto Ishida,
“Quantitative Evaluation of Concentration
of Double Stranded DNA Using by Filter
Less Fluorescence Detection Sensor”,
Proceedings of the 210" Meeting of The
Electrochemical Society, pp.1252, Cancun,
Mexico, Oct. 29 — Nov.3, 2006.

Yuki Maruyama, Kazuaki Sawada,
Hidekuni  Takao, Makoto Ishida,
“ON-CHIP  MULTI WAVELENGTH

DETECTION SENSOR FOR REAL
TIME MONITORING OF
FLUORESCENCE AND OPACITY",
Proceedings of TRANSDUCERS 07, Vol .2,
3EH1.P1, pp.1971-1974, 2007

Yuki Maruyama, Kazuaki Sawada,
Hidekuni  Takao, Makoto Ishida,
“ON-CHIP MULTIWAVELENGHT
DETECTION SENSOR FOR
FLUORESCENE AND TURBIDITY
DETECTION", Korea-Japan Joint
Workshop on Advanced Semiconductor
Process and Equipments, Pusan, Korea,
2007.

Yuki Maruyama,  Shinichi  Terao,
Hidekuni Takao, Makoto Ishida and
Kazuaki Sawada, “32 x 32 CMOS DNA
Sensor Array using Charge Transfer
Technique’,  Proceedings of the
Asia-Pacific Conference of Transducers
and Micro-Nano Technology (APCOT),
3D1-4, Taiwan, June 2008.

Ishii Hiroyasu, Yuki Maruyama, Hiekuni
Takao, Makoto Ishida and Kazuaki
Sawada, “Improvement in filter-less
fluorescence  sensor  capability by
optimization of potential distribution”,
Proceedings of the Asa-Pacific
Conference  of  Transducers and
Micro-Nano Technology (APCOT), 2C1-3,
Taiwan, June 2008.

Yuki Maruyama, Kazuaki Sawada,
Hidekuni  Takao, Makoto Ishida,
“Quantitative  evaluation of double

stranded DNA concentration using by
filter less fluorescence detection sensor”,



8)

9)

11)

12)

14)

15)

1)

The 23"° Sensor Symposium, C1-3,
Takamatsu, Japan, 2006.

, , 2006.
DNA
H, 54
, 28a-SA-2,
, 2007.
DNA
n’ 68
, 22
, B6p-A-1, ,
2007.
n’ 68
, 5p-P8-18,
, 2007.
", 2007
, 13-9,
,2007 8 31
u, 68
2007 9 6
CMOSDNA 55
, 27p-R-14,
,2008 3 27
11, 55
,28a-ZQ-8,
,2008 3 28
1

CMOS

19(2) pp.21-25,(2008)

1)
2007-329379 2007.12.20
2)
2008-17112 2008.1.29
3)
2008-17227
2008.1.29
4)

2008-150614 2008.6.9

€Y

@

®



