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Appendix 01  mos HATH S CCOHATA, FLT, CCDHATHSCMOSHATA
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Appendix 02  mMos HATHDS CCODATA, ZL T, CCONATHECMOSHATA

3

Relative Photon Power (W/um )

>

KEXDBERARINS L

4LPD Lum)
100 p= Light Penetration Depth

E=hw=hf=hc/A
E(eV) =1.24/ A (um) HEANA2 um LLE ORISR IS RIS

Incident Light Wave Length Alpm)
L] L) ) L) L) >
60 % 0.4 0.5 0.6 0.7 0.8
: AL
L L = L4 14 /:\ 1 L} L) —rp-
0.4 0708 1011 13 1.6 1.9 2.2 2.5

Photon Wave Length ( pm )

For Silicon, Ec =1.10eV and A= 1.12 pm

VAV ERABENTEIABEBRTELGL,
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Appendix 03  Mos HATHDS CCODATA, ZL T, CCONATHECMOSHATA
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SSIS HFBIKR TV T TV THEE 8-32



A A=Y

Appendix 04  mos HATHDS CCODATA, ZL T, CCONATHECMOSHATA

HEEREERE R R IR R R R R LR R R R R R R R R R R R R KRR
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3 3Kk oK 3 K 3K K K K K K oK 3 K 3K 3K K 3K 3K 3K 3K 3K K oK 3k oK 3 K 3K K oK 3K K ok 3K K K K K K K
@Image Sensor®DRILEREIL, RIEZESHDIE (Sout) L REHESTHHNoutlOHTHRELE T,
(Image Sensor®EfL&E) = (Sout /Nout) E720FF.
O ESHA Sout) 1T ZRBFORE (S) IZ,
ZRFBFOPETOEREEE A 20T 7-300 5,
ErREABEOET (Nod ) TEHIBESETEZE LW T,
Sout = S% A% (1 - Netd) LD ES,
@R HTH A Nout) 1 ZHBFOHEFT N IT,
ZHFETOPNETOEREEE A 20072801z,
BEEEREEO#HTMS (Netd) ZME L2 0OTT.
Nout =N %A *( 1 + Netd ) LR ET.
@7t - T, Image Sensor®RIZRE  (Sout/Nout) T RATHREIh T,
(EFFHAFOmEEE) =(S/N|*(1-Netd) /(1+Netd) X7 ET.
O > TETH I A FORBBEEZRITIERONAESHESE H(Sout/Nout)
1Zi%, CMOS Image Sensor®F &%, 4 H8IZ3 5 FIZ % In Pixel Source
AMP EIRROHEE A HHV E T,
OLHRLGTFDANEL, EFAHASORSRE T AICEBERLERA.
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Appendix 05 Mos HATHDS CCODATA, ZLT, CCONATHECMOSHATA
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Appendix 06 Mos HATHDS CCODATA, ZLT, CCONATHECMOSHATA
T EXEEOMHLLED - .
SRELRID, EREE T ki ik SR
2BEOEHEEZERTD. . . N =
A' 13 Silll PIG S::
SCCD #§i& & BCCD#E At Zns Ga,, Ge,, As., Se,,
ERINBHNZIE BBDHE:E cd In Sn Sb. Te
(NI L—ERE) i oT=, ngw i Pb: Bi " P:‘

ZTORARERIEESZ o= ?
#® BBDIEEAEEE ST !

O\ ANALZAFETFHEE

RETFHIBE (A)
PIN photo diode (Si)
pinned photo diode(Si)
Avalanche Photo Diode (Si)
=R FET (GaAs)
Gbps JtiE{E (InGaAs)
Sti=HECell (CdS)
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OL\AWALEHIERERTF ( CTD

Charge Transfer Device ) (D&

BBD (Bucket Brigate Device)

PCD (Plasma Coupled Device)

CSD(Charge Sweep Device)

CID (Charge Injection Device)

CPD (Charge Priming Device)

CCD (Charge Coupled Device)

CMD(Charge Modulation Device)

BASIS(Base-Stored Image Sensor)

MOS image Sensor (Passive, Original)

CMOS image Sensor (Active Pixel Sensor)

AMI (Amplified MOS Intelligent Imager)
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Appendix 07 mos HATHDS CCODATA, ZL T, CCONATHECMOSHATA
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Appendix 08

MOS DA CCOAATA
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Image Sensor MZEH L FARE BIZB3 2 5E Lk
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Active in-Pixel MOS Image Sensor
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SEWI(1968)

H%ﬂﬁmyum

Funuhxl\n Andoh, Kazuhisa Taketoshi, Junuhl \nm.msln
Masayuki Sugawars, Yoshi hiro Fujita, Kohji Mitani,
Yukio Matuzawa, Kenji Miyata, Shuichi Araki.

A 25 0,000-Pixel Image Sensor with FET Amplification
at Each Pixel for High-Speed Television Cameras”,

1\\(( Digest of Technical Papers, pp. 212-213,298, February 1990.
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@ IR « (KHEHIHED - 1% 720 Pinned Photodiode
EEEEEEEEEEETEEEEEEEREEEREREESESESSES

ZEBA(1975)

Japanese Patent Applications 1975-127646, 1975-127647,

and 1975-134985 invented by Y.Hagiwara

BASEHRE(1978)

Y. Hagiwara, M. Abe, and C. Okada,
“A 380H x 488V CCD imager with narrow channel transfer gates”,
Proc. The 10th Conference on Solid State Devices, Tokyo, (1978):

Japanese Journal of Applied Physics, vol. 18, Supplements 18-1,
pp- 335-340, (1979)
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Appendix 09

MOS DA CCOAATA

EE R R R E S E RS SR R E R R R R R R R E R R
OCCD Image Sensor
LR R R R R E R R R R R R R R R R R R S R R

%ﬂ(l‘ho]&ﬂﬂ%ﬁﬁi(w.m

\\ S.Boyle and G.E. Smith,

Bell System Technical Journal, 49, pp. 3‘7 393(1970)
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M5 {k Correlated Double Sampling (CDS) EIR§

EE R R R R EEEE R E R L EE R R EE TS
RW(197 4)&!!!\‘.!!%1!'1.4)
M.H.White, D.R.Lanpe, F C.Blaha and LA-MAck.

"Characterization of Surface Channel CCD Image Arrays at Low Light Level.

1EEE Journal of Solid State Circuits, SC-9, pp.1-13 (1974)
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annm»w l'nlvn( Application 1977- 126885

invented h\ Y. Ilmmmm S. (Mu and T. lhn imoto.

T R r e pee treas

PHSEME(1987)

RMER. BART. ROIEN. GNRAH. HELE. WARE.
"R T v Y HIT-CCDMR " |

FTLEY a L RaHENE. vol 12, no. 12, pp. 31-36, (1988)
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Image Sensor MZEH L FARE BIZB3 2 5E Lk
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Japanese Patent JPA 1977-126885 on Electrical Shutter Clocking Scheme
invented by Y. Hagiwara, S. Ochi and T. Hashimoto in 1977.

SABK AR (v BBHM-51318
. sin
it W 6352126885
@ W 8520979 298

QLW Miosie1979)4 238
2R B & HEAR

Type(B)

2R B & BERZ
[ RERE
Type(C) e
GND c1s -
- 8
N
P+ P P+ R o [
" | 'b
o N+ Fig-8 | | Noimage ux\ -
OFD cco
OFD OFD s 12 pa
The electric shutter clocking scheme with the complete signal \ e 5.!_/"\ I
charge draining of no image lag can be achieved by the OFD g Lo
punch-thru voltage control for any photodiodes, including Fig. 12 D
notonly the type (A) of the conventional CCD/MOS photo Punch-thru Mode
capacitor but also (B), (C) and (D) type Pinned Photodiodes. ;Dh' Electric Shutter Operation
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Appendix 10 Mos hHASHS CCODATA, FL T, CCONATHSCMOSHATA
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Image Sensor MZEH L FARE BIZB3 2 5E Lk
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1SSCC 2006 / SESSION 27 / IMAGE SENSORS /275 Modern CMOS Image Sensors have (1) HAD (2) APS and (3) CDS.

S e e (1) HAD ( PPD ) was invented by Y. Hagiwara in 1975.
3 gh-Speed Digital Double Sampling w! nalog -
€DS on Column Parallel ADC Architecture for (2) APS was invented by Peter Noble in 1968.

Low-Noisg Active Plxal Senser (3) CDS was invented by M. White in 1972.
Yoshikazu Nitta, Yoshinori Muramatsu, Kiyotaka Amano. (4) Sony engineers Perfaded these technologies in 2006.
Takayuki Toyama. JunYamamoto, Koji Mishina, Atsushi Suzuki
Tadayuki Taura, Akihiko Kato, Masaru Kikuchi, Yukihiro Yasul ST J onc
Hideo Nomura, Noriyuki Fukushima Sany. Atsugl, Japan i_' __:i . ?

Traditionally, the advantages of compact image sensors (CISs) “T__m:li 2 :Iv Pov— P
over CCDs have been low power consumption and the capability z :_'::w
for system integration. Additionally, the image quality of CISs
has recently begun to rival and even surpass that of CCDs in the - | ed2n. -" e
area of high-speed imaging (1], Compared to high-speed CCDs, / pdenimiay
CISs utilize the advantage of a column-parallel pixel readout D e » =
. = . o T
The pixels are conventional 4T active pixel sensor (APS) pixels ot [ : :
that szo hole accumulation diodes iHA;;)sl HADs enable image |~ e __ i

sensors such as CCDe and CISs to realize ideal properties of low

- Figere 27.5 2 Column-inline tedl COS armhilothern
dark current, no kTC noise, and no image lag (2]
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