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Comparison of Various Light Detecting Photo Sensor Structures

Blue Light Sensitivity A X X O @ O
Low Image Lag X O O X O O
Surface Dark Current () X X X O O
Surface Trap Noise () X O X @) O
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Appendix 01 mos HATH S CCDAATA, FLT, CCODATHHCMOSHATA
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Appendix 02  mos HATH S CCOAATA, FL T, CCODATHHCMOSHATA

ABHEDERARINS L

LPD (um)

100 p= Light Penetration Depth

3

Relative Photon Power (W/um )

Incident Light Wave Length | Alpm)

T T T T
0.4 0.5 0.6 0.7 0.8

0.70.8 1011 1.3 1.6

Photon Wave Length ( pm )

E _ﬁ W= h f - h C I A For Silicon, EG=1.10eV and A= 1.12 pm

= RRAMA2 pm LU E DR FIMRISREHI(
E (eV) =1.24/A (um) VAU REEKEENTIILBERTELL,
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Appendix 03  MOS HATHS CCOHATA, FL T, CCOHATHECMOSHATA

PNP Double # & & X5 th (PPD#g &)
NP Single &R KIZEM (EXBEE) F/ 1

Refiected

. g Light

Ag Ag
.m'—
Ti |si02 S0z
N+ ’N\ /\ N e |
i0

\a\é i02 (;_J N-

N - N e- 14
P eeM+ P N r B —{‘55557 552 ;

Si02 . Sio2 = e 99y 2 -
NI 35 AR VR B

PNP Double #ESE KEE D ELIE

P P N P
.§+. S NG ol I 5 S X T E i :-t=

Double PNP & & & X5 E it (PPDIEE) Tl&
NRELTHRICVELEZZEHEEN, PNIESLE
NP#EES D double (2755, SHIZCKREDIELY =
P+P;EEE4)EE Hole Accumulation Diode (HAD) ElectncFleld

o

f “3%m -00-323pm . f

: Electric Field
ﬁiﬁ':;u ~ ﬁﬁf@ﬁi&&%%iﬁgbqﬁio V(x) : x1=6n”m
vix Vm=087V g ggﬁ: Vix

~—4509m —vie— 450 ym —i

SSIS $BIRKRTYIT 7V THEE 8-32



Appendix 04 mos HATH S CCOAATA, FL T, CCDDATHHCMOSHATA
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Appendix 05 Mos HATH S CCOAATA, FLT, CCODATHHCMOSHATA
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Appendix 06 mos HATH S CCOAATA, FL T, CCODATHHCMOSHATA

I EFBEOMHLLD
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pinned photo diode(Si)
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Sti=ECell (CdS)

SSIS $EARRTYT 7V THE

SHICRFBENEBETS !

] IV Vv Vi

B C. N, 0,

AI 13 Sild PlS S]G
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(ofs P In, Sn., Sb., Tes,
Hgao T' 81 Pb 82 Bl 83 PO 84

OUL\ANWALEREEEFETF ( CTD = Charge Transfer Device ) D#&:E

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 HATH S CCOAATA, FL T, CCDDATHHCMOSHATA
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Appendix 08  mos HATHD CCOHATA, FL T, CCDDATHBCMOSHATA
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Peter J. W. Noble,
IEEE Transaction of Electron Devices, 15-4, pp.202-209, (1968)
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PR (1990)
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Fumihiko Andoh, Kazuhisa Taketoshi. Junichi Yamazuki,
Masayuki Sugawara, 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”,
ISSCC Digest of Technical Papers, pp. 212-213,298, February 1990.
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Japanese Patent Applications 1975-127646, 1975-127647,
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BAZEHE(1978)

B o T S S o
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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IEEE Journal of Solid State Circuits, SC-9, pp.1-13 (1974)
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Appendix 09  mos HATHD CCOHATA, FL T, CCDDATHBCMOSHATA

t kO S S S o o O I T S S S e O o O O S S S S
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s sk ok ok sk ok sk ok ok sk sk ok sk sk sk sk sk sk ok sk ok ok ok sk sk ok sk ok ok koK

Japanese Patent JPA 1977-126885 on Electrical Shutter Clocking Scheme
invented by Y. Hagiwara, S. Ochi and T. Hashimoto in 1977.
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sIm ig.
@8 B 52126885 . F initnl oy OFD o chl%pe
@ W29 R’ 3 Y| gt
QLW WMIE)4ANE T pmpmozyr* [T N+ P+ | IV PR
2% W % FEAR -
R W # BWRZ ) i v
) o a
] AKX 7 % “« 1 g7 )5-\ I
Type(C) Type(D) - ;"1" e
aiis 16 Cctz:‘%pe GND cTG MOS type ; ~ \ e "'\ P ,J:
—~| i ‘ | i cTD OFD ccb
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6',:0 ccD
OFD OFD s 12 ra
The electric shutter clocking scheme with the complete signal Y "\ ]
charge draining of no image lag can be achieved by the OFD \ T L ‘EB -
punch-thru voltage control for any photodiodes, including Fig. 12 €
not only the type (A) of the conventional CCD/MOS photo - P“"c,h'thru Mode
capacitor but also (B), (C) and (D) type Pinned Photodiodes. O?D or B BT Opsrtion
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Appendix 10 mos HATHD CCOHATA, FL T, CCDDATHBCMOSHATA
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Image Sensor M3EMA EFAFEE ST 5 SE 30k
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ISSCC 2006 / SESSION 27 / IMAGE SENSORS /275 Modern CMOS Image Sensors have (1) HAD (2) APS and (3) CDS.

(1) HAD ( PPD ) was invented by Y. Hagiwara in 1975.

27.5  High-Speed Digital Double Sampling with Analog
CDS on Column Parallel ADC Architecture for
Low-Noise Active Pixel Sensor

(2) APS was invented by Peter Noble in 1968.
(3) CDS was invented by M. White in 1972,

Yoshikazu Nitta, Yoshinori Muramatsu, Kiyotaka Amano. (4) Sony engineers perfected these technologies in 2006.

Takayuki Toyama. JunYamamoto, Koji Mishina, Atsushi Suzuki,
Tadayuki Taura, Akihiko Kato, Masaru Kikuchi, Yukihiro Yasul,
Hideo Nomura, Noriyuki Fukushima Sany Atsugl, Japan

Traditionally, the advantages of compact image sensors 1CISs)
over CCDs have been low power consumption and the capability
for system integration. Additionally, the image quality of CISs
has recently begun to rival and even surpass that of CCDs in the
area of high-speed imaging (1], Compared to high-speed CCDs,
CISs utilize the advantage of a column-parallel pixel readout,

The pixels are conventional 4T active pixel sensor (APS) pixels
that use hole accumulation diodes (HADs). HADs enable image
sensors such as CCDs and CISs to realize ideal properties of low
dark current, no kTC noise, and no image lag (2}

Digital double-sampling architecture is proposed to remove
device variation and circuit offset that cause vertical FPN (3],
Our column-inline dual-CDS architecture (Fig. 27.5.2) imple-
ments digital double-sampling (digital CDS) and analog CDS in
parallel columns. A high-speed 29TMHz clock is utilized to reduce
the double digital sampling period. Additionally, an analog CDS
is used to reduce the ADC period for the reset signal Voo by elim-
inating the analog offset of the pixel and the comparator output,
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