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Fig.7 Impurity Doping Profile of Phosphoras Ion Implantaionl
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Yoshiaki Hagiwara,
Affiliation: SC Logic MCU Business Department, Sony Corporation, Atsugi,Japan
“"High-density and high-quality frame transfer CCD imager with very low smear.

low dark current, and very high blue sensitivity”

Published in: IEEE Transactions on Electron Devices,
Volume: 43. Issue: 12. December 1996. pp.2122-2130.
ABSTRACT:

When the channel width of an FET becomes of the same order of magnitude

as the depth of the gate depletion region. an increase of the threshold
voltage is observed. This narrow channel effect has been applied successfully
in creating an asymmetric potential well under an electrode for two-phase
CCD operation. The feasibility of this structure has been confirmed

in a 242-element analog delay line. The application is now extended

to a 800 H/spl times/492 V frame transfer-type buried channel CCD imager
Bi(t)r'\sld.slsls MHz frame shift. which results in a very low smear level of

A A4 444400044400040000000000000 0000000000000 00000000000

which is good enough for low-cost multimedia video camera applications.
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KODAK used LOCOS izolation which induced serious

THE PINNED PHOTODIODE FOR AN INTERLINE-TRANSFER CCD IMAGE SENSOR dark current and crystal defects degrading chip vield.
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Fig. 1. Image cell schematic.
In this KODAK Pinned Photodiode IEDM1984 Paper, the Quantum Efficiency of 80% has been already achieved !
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"ADVANCES in CCD IMAGERS" by Yoshiaki Daimon-Hagiwara,Sony
at CCD79 Conference, Edingburgh Scotland UK, Sept 1979
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Fig. 1. Cross-sectional and top views of P+PNPP+ junction Solar Cell
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Fig. 2. A cross sectional view and a band diagram of PP-NP-P+ double-
junction solar cell. Generated Photo electrons are directed to the N+ diffusion
outlet drain thru the buried deep IN-channel passage of the length L.«
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Fig. 3.Percentage ( % ) of the number of photons T ; (X) = exp( - X/A( L)
penetrating into silicon crystal at the depth X ( £ m). The short-wave high-
energy blue light 1s completely absorbed within the 0.3 ¢ m in depth.<
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Fig.6 One-Mask Process Flow of PP-NP-P+ Double Junction Solar Cell



(1) Single Junction
Sample Photo

(2) Double Junction
Sample Photo

 BPI-cC2

Isc2/Isc1=12.4 /8.4 =148 %

Chip Size
S=3 cm x 3 om

Io [A) n Rs [0] | Rp (o) | Voc [V] n [%6] S [ecm?]
(1) Single 2.4x10'° | 1.04 2.00 14.4M 0.46 0.29 9
(2) Double 2.37 15.2k 0.46 0.32 9

Fig.11 Measurement data of the first silicon chip of the PP-NP-P+ double
junction photodiode type solar cell
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(1) Single Junction
Sample Photo

(2) Double Junction
Sample Photo

| Isc2/lsc1=12.4/84=148%
: Phot Chip Size
Current S=3cmxdom
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(1) Single 2.4x107° | 1.04 2.00 14.4M 0.46 8.4 0.29 9
(2) Double 237 | 15.2k [ 0.46 124 | 0.32 9

Fig.11 Measurement data of the first silicon chip of the PP-NP-P+ double
junction photodiode type solar cell
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(2) Double 2.37 | 15.2k | 0.46 12.4 0.32 9

Fig.11 Measurement data of the first silicon chip of the PP-NP-P+ double
junction photodiode type solar cell
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S liRA TR 822

P+PNPP+ Double Junction Photodiode
for AIPS Robot Vision and Solar Cell Applications

Yoshiaki Daimon Hagiwara (FIEEE)

Appendix : Simple Mask Aligner Tool and Preparation of Photo Masks
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S liRA TR 822

Simple Mask Aligner Tool and Preparation of Photo Masks
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Simple Mask Aligner Tool and Preparation of Photo Masks
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(1) MASKO1 Process to form P+ Region

KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation

PO1 Cleaning Silicon Wafer P02 First Oxidation
P18 Metal Deposition P19 MASK 03 OFPR Coating for Metal Pattern
P03 Mask 01 First OFPR Resist Coating and Patterning P04 First 5i02 Etching | _
P20 Metal Pattern Formation P21 Remove Resist
=S === e

POS Remove OFPR resist BOE Fost Siicon MOM Eching e ===
. T
|

1 [
—

P08 Thermal N Diffusion Region Formation 205 Remove pBE and si0s KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation ,

Vout <0

P11 Mask 02 Second OFPR Resist Patterning P12 Second $i02 Etching
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_—o
=
L
_ —3
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P13 Remove Resist P14 Second Silicon KOH Etching
1 ¢

— ==

P15 OCD Coati
P16 N+ l}m‘usi;‘# Region Formation P17 Remove OCD and 5102




(1) MASKO1 Process to form P+ Region

P01 Cleaning Silicon Wafer P02 First Oxidation

P03 Mask 01 First OFPR Resist Coating and Patterning PO4 First SiO2 Etching

POS Remove OFPR resist POE First Silicon KOH Etching

PO7 PBF Coating
PO8 Thermal N+ Diffusion Region Formation P09 Remowve PBF and SiO2

) N N ——




(2) Process to form N+ Region

KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation

PO1 Cleaning Silicon Wafer

PO2 First Oxidation

P03 Mask 01 First OFPR Resist Coating and Patterning

P04 First SiO2 Etching

P18 Metal Deposition

P20 Metal Pattern Formation

P05 Remove OFPR resist
1

PO& First Silicon KOH Etching
1 F

1 [
—

PO7 PBF Coating
P08 Thermal N+ Diffusion Region Formation

P09 Remove PBF and 5i02

P13 Remove Resist
10

P12 Second 5i02 Etching

Tﬂ

P14 Second Silicon KOH Etching

— ==

P15 OCD Coating
P16 N+ Diffusion Region Formation

EEHIEL%

P17 Remove OCD and SiO2

— =

—i——i—

P19 MASK 03 OFPR Coating for Metal Pattern

P21 Remove Resist
P22 Aluminum Heat Treatment

KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation ,

Vout <0
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| —



(2) Process to form N+ Region

F1l Mask 02 Second OFPR Resist Patterning P12 Second SiO2 Etching

L il

P13 Remove Resist P14 Second Silicon KOH Etching

= ==

P15 OCD Coati
P16 N+ D&ﬂusl:r‘\ Region Formation P17 Remove OCD and Si02
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(3) Process to form Contact and Metal Wire Patterns with 3 masks

KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation

PO1 Cleaning Silicon Wafer

PO2 First Oxidation

P03 Mask 01 First OFPR Resist Coating and Patterning

P04 First SiO2 Etching

P18 Metal Deposition

P20 Metal Pattern Formation

P05 Remove OFPR resist
1

PO& First Silicon KOH Etching
1 F
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PO7 PBF Coating
P08 Thermal N+ Diffusion Region Formation
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P11 Mask 02 Second OFPR Resist Patterning
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P17 Remove OCD and SiO2
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P19 MASK 03 OFPR Coating for Metal Pattern

P21 Remove Resist
P22 Aluminum Heat Treatment

KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation ,
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(3) Process to form Contact and Metal Wire Patterns

P18 Metal Deposition P19 MASK 03 OFPR Coating for Metal Pattern
P20 Metal Pattern Formation P21 Remove Resist

l =y=¢ | )

KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation .
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(3) Process to form Contact and Metal Wire Patterns with 3 masks

P18 Metal Deposition P19 MASK 03 OFPR Coating for Metal Pattern
P20 Metal Pattern Formation P21 Remove Resist

l =y=t | )

(4) Process to form Contact and Metal Wire Patterns with 4 masks.
KOH Silicon Etching and P+/N+ Channel Stops are used instead of LOCOS Isolation .
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Sony Bipolar Transistor ( HAD Sensor®! )

Face-to-Face type Double Junction
Five Layers Process Solar Cell

Tandem type Double Junction
Nine Layers Process Solar Cell
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The depletion width (WD) of N+NPP+ Single Junction Solar Cell is limited about 2 pm.

WD = sqrt(2*Esi*VB*DP*DN/(DP+DN)) < ~ 2 um;

AT D D)
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(B) Band Diagram of Single N+NPP+ junction Solar Cell with Vout < 0
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Doping Profile D(X) of N+NPP+ Single junction Solar Cell

In forward-biased condition, the
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depletion width WD gets smaller.

s 00 [t 01 e 02 e 03 [ 04 0§

RNV FFFFYY

L B
1 9080 0= 20200) = 205048
1 0000101 06008) 1) 4
1 B0 1 A0S
1 IS 01 48806
10201 (488

EEEEEEEEE
ESSEZCEES

Vout s 0V

Vet s 03V
Vool v

Veut 05 ¥V

Publication List by Yoshiaki Hagiwara.html

BET0HN (81E) ZKOHUFLEITTHELE (RER) DEBELLTERTIVENH S,

2 4 6 8 10 12DNDP

Yoshiaki Hagiwara, AIPS

49


https://202011282002569657330.onamaeweb.jp/AIPS_Library/Publication_List_by_Yoshiaki_Hagiwara.html

50

2026 FEFNESRYEF S paper 11p-N304-6 #K R EHE AIPS
BINBEUSERSEABE LD T/ \A AMEL TOLRABEORE

Bipolar Transistor PP-NP-P+ Parallel Multi Junction Tyvpe Solar Cell
&R RE, R E-C | XEFC, BN ESC
Yoshiaki Hagiwara®, Shin-ichi Kobavashi *, Yoji Kobavashi®, Kikuyvo Ishikawa*

E-mail: Hagiwara-yoshiaki@ aiplab.com

Yoshiaki Daimon Hagiwara Shin-ichi Kobayashi Yoji Kawasaki Kikuyo Ishikawa
AIPS Research Laboratory, Tokyo Polytechnic University Sumitomo Heavy Industries Davinci-Brains
LOCOMTECH Material Solutions
Ohta-ku, Tokyo
Atsugi-city, Kanagawa-ken Atsugi-city, Kanagawa-ken Saijo-city, Ehime-ken 1406-0085 Japan
243-0201 Japan 243-0297Japan 799-1362 Japan Kikuyo.Ishikawa@davinci-
hagiwara@aiplab.com koba@eng.t-kougei.ac.Jp yoji.kawasaki(@shi-g.com brains.co.jp
Thank You !

Light 0O > -\V..: Light Light




	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16
	スライド 17
	スライド 18
	スライド 19
	スライド 20
	スライド 21
	スライド 22
	スライド 23
	スライド 24
	スライド 25
	スライド 26
	スライド 27
	スライド 28
	スライド 29
	スライド 30
	スライド 31
	スライド 32
	スライド 33
	スライド 34
	スライド 35
	スライド 36
	スライド 37
	スライド 38
	スライド 39
	スライド 40
	スライド 41
	スライド 42
	スライド 43
	スライド 44
	スライド 45
	スライド 46
	スライド 47
	スライド 48
	スライド 49
	スライド 50

