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nre. BA5319774, RESREPEEPEER(DIIL)CEALERCELE 11 . e 005
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http://www.shmj.or.ip/museum?2010/exhibi1005.htm] =

FEFAA-—DULHTREEARTFICIA M A—-FHBEVENS., 19874,
— 3R EE > Beh T # -1 A — F(Pinned Photodiode) &M EN TS ZHEZET(Y
——FTmI A A A — FEHAD : Hole Accumulation Diode &EIEAIZ)ERELE
2/34 > F38REZEIT(Interline Transfer)-CCD+ XA— o H&EEH L, 8=

VIR—EEEFAH S TCCD-Voo) =RELE (1

EVEHTIA A A-FERLIRTEDIC. NEEZFZPETEY. TAEODPEZ
SEEPTICLEDA MIAA-FTHSZ. COBETE. SAEOPTEENEREM
[CEEBoEnalizs, 1984F(CKodaklCL > TEVE®H A A A—F &t
TNz, BRESN. LWy oL 2 CiAT. BERORESR. BXF
EDOGRT 5 —0OEEETICLZEER - HEOABERIEOFRENSD D, X
— ST HATA MY A-FELTIED TENTZEHETET 2.

19758, YZ—ND'5PNP S YU RIEIAETF LT BiEZ aaniz Bl 2%

MEPTB(ISVA)ICTBCELCLIDRED T A M A A— ROLS I CRESTES
W3 S CSAELEEEOSKNEER L, SHBEFABCHLEET
EEENE U, SHOREEPTBCIZEVEB A MM A— FoERERBE
EThoIz.

ENT T A A A— FOSHEP EEEREMICT IEENHIIE VNSRS E
ni=. UHSI219774, iEEEFPﬂ:#&PH”E*E(UIJL}E%%LL;E»Hitﬂw .
ICE VBT BT ET EEERSEREML. T A A— hmfsw:hw;ru
oaELfaEsntEranr B, Sry-—31978%, AUBEDTA B

A — BEBUEFT(Frame Transfer)-CCDA X —S L HERELR B | ZnsH

Btz 2/3 4 FRIDAABEZEFT-CCDA A -7 H=HE,
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(1) ;EIFIEE, $HAET. EllgER. A)lI&Ak. EHRE. #EEX, "IEEE
FIL oy AIT-CCOBERZT". 7B »F&EERS. vol. 12, no. 12, pp. 31-
36, (1988)

(2] HEEC. BEiRsh—. &FERE. LHEE, BFAES. "1/34F36hEE
[T-CCOT ", TIEZs »F&REERS. vol. 15, no, 16, pp. 31-36,

(1991)

(3] FERIE. "BEFESEE". 15Nk ME58-46005 (19755118 10HH
EE)

(4] /e, PTERE—N\B, "BURBEEE"FHTAHR [B62-20750 (1977418
10HHEE)

(5] 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)

[6] REFN. EHE. PHEE. FHEZE. #WEER. “F0—Fv=JLCCDERN

—hAZ", FTLEZ 3 L EERERS. vol. 5, no. 29, pp. 32-36, (1981)

Excellent Blue Light Sensitivity and No Image Lag with Adjacent P+ Channel Stops
Sony SSDM1978 Paper by Hagiwara
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AX—DPE YR T+ bXA4F— FORE (V=—, HiL, nec, H¥F) (shmj.orip)
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HIBIE SV HTERBREZ(C T4 M A A— B BELSNS, 1987&F. V— (1) JBBIEA. $HAET. HEEH,. B)lIEA%k. EEHRE. BFEAX. CIZ28
—(FIRFEE B T b A— R(Pinned Photodiode) EIFENTVZEHRRF(Y T~ VIHIT-COORBRT". FLED3>F2RARS, vol. 12, no. 12, pp. 31-
——EZmIA S A—FZHAD : Hole Accumulation Diode&IFAIZ)ZEALVE 36, (1988)

. . - (2] MEBCS. BIRSA—. &FEE. LEEE, BRARS. "1/34/2F36hE%
~ - —\‘ ~ — :I
2/34 /9'-38“7_3“E#\IT(_Interlme Transfer)-CCDA X -2 BaEBLE. 82V T-CODE>H—". FLESS Y% 23Hi®E. vol. 15, no, 16, pp. 31-36,
VIR—GZEEFAHAS [CCD-VI0) ZRRLE U, | (1991)

— 3) HRRRE. ‘BRBKEE". A% #B58-46005 (197551151084
E2BHIA MFAA—-FRERLCRILDIC. NEE2AFZPETEL. ZAEDPEZ E;)) a, K = nE B (

SEEPHCUREIA MIAA—FTHB. COEBETE. SHEOPTRENEREM [4) /v, TA—\B. "‘EXRREESA% 862-20750 (1977£18

CE>Bo»En3dizs. 19844F(CKodakiCE>TEV B I A R A— RERE 108 58)

Nz, BRESY, LUWIAFIVvOLUTICMRAT, BRORESRL, ¥R [5] Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with

BDOGRUV Y —DEEBET ICLIERR - BEOXEEILREOFRNASHD, A X narrow channel transfer gates”, Proc. The 10th Conference on Solid State

-SRI A MM A—-FELTEHTENZEREZET 3, Devices, Tokyo, (1978): Japanese Journal of Applied Physics, vol. 18,
Supplements 18-1, pp. 335-340, (1979)

19756, VZ—H'BPNP RS SRAESHRTFETRREM N B, 8% (6] REF. BEE. TEFE THESE WRRE. “F0—F v RILCCOEIRS

WEPHB(IIVA)CT BT ELCLDRED T A MIAA— FOLS CRESIES S—HXS". FLEDaV¥LB@RE, vol. 5, no. 29, pp. 32-36, (1981)
HT3U - SECSHELEEESANEER L. SHBEEABICHLIE3T [PALGTT-83T Floating
EEBNELUE, SASBRAZPTBICIZE VB IA MM A— ROERERBIE -
=THor. » 4 2
D RENT I M A — FOBKEP B EERBIIC S BRSBTSk i R TIORE
PNk, BUNSIR1977E, EESEEPEEPEER(YIIL)CEEUEREACE |
P UCESBHITZCET anakaarENl, JA A A— EOI(FIvIL : 26
L oRLFAEEMEREn 3, Y- —(31978%, BUBEDTIA PIA
' — REAVVEFT(Frame Transfer)-CCDA X—St7 > H9a&ELE 5], 2ne% | (This is not Pinned Photodiode.
BatE2/34 > FE8RERFT-CODA X — S BRAVE, { | *

[Not Buried
The SiO2 exposed N Region.
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[CEBowEnadizs, 1984%F(CKodaklCL>TEVBH I A FMIAA— REHRE

Nz, BRESH. LUWIAFISvOLUDICMAT,. BMERORESRL, XK
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ZEThoI,
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nr. AUN5(319774, RESEEPHEEPREIR(DIL)CIBALUERERAUE &
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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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Excellent Blue Light Sensitivity and No Image Lag with Adjacent P+ Channel Stops

Sony SSDM1978 Paper by Hagiwara Pinned Photodiode explained by
Semiconductor History Museum
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P+PN-PP+EA R ABEit DIRE IR RAE (AIPS)
Sonyld [ 1 9 7 55FICFKED VOD#EEE 2 1FDPinned Photodiode (PPD)D&BAET: | LHiE L 7=,

h—A P -RE Y==FIN=FconT F4H 09— At H2FF+EUF 2 FH A EEREE sMuabt mmmR | C

2020%46826HA%K % | Engiish

REREZSHECMOSA A—>t -2 X 5ARNEY ——FIBICDOWT

1975F DFKED 3 HFDOHERFIZ. [REIFEFrvE—°L V= fktett
Global ¥ vy 2—ODMAEDFHAETH S| ZEDIHLICHEY £, V=AY 1 -5 3 VAR AT

EERHECMOSA X— St > H—(CIRAEN/zRinned Photodiode

VDA A—T S —0RBOEL(E. &< [ECCOOBRETENDIEFS. B TEPInned Photodiodeld, EERBEIEICMOST Y —MEER LICEEHT 3%
MiThHh., TOFRPEESHROESZMREL
V——($1975%, EEBHEDON+NP+NESEEN+NP+NPIESE QPinned Photodiode (PPD) #IRAUZCCDA A—2T U —#RIBALLZ (HBERFF1975-
127646,1975-127647 #JR2 BRHR) . BF., ToOEEEE> HC, VOD (#EA—)(—2J0—FBL+>) #EEES D, PNPIESEIPPDERBILE (15515
12151015 #&E BE) . VY-—B3Z0E. A A TEAHERICEDBVP+OT v LA By TiElEE 202 HEIAEICTZR LIZPNPIZES B OPPD i &1
BLIEZIL—A RS2 AT7—BICCDA X—t > Y —EIEFEC R THH THRINL, 1978FDSSDM1978MEES T EHRE LT (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)) .
19804 (C (Y = —(ZZMPNPIESEIPPD #ERAUIZI YV FYIDIL—AFS VAT 7 —CODA A—2 U Y —#E ST AS—BFEIVIROGFFICHIIL., BERT
FEEBEHROSEN, —1 -3 I TEeROEANEAZSEERZ LU TEREEN T, 1987F(C(FV-—(d. VOD (MEA—)(—2J0—FL1>) #BEFED
[ A ATEIAHEMIC L DBVP+DOF ¥ U RILA by TR ZOZRNEASICEM LIZPPD] A 49 —S+ VERRBICCDA XA—S U Y —(CHA TS TE
AULESZUETAOH AT —OBRICKRIILET A D ASOTSERG L.
COLIORERVWERPEZETEENTEZPPDOEMMNSEETMBE BICMOSHA XA -2 Y —(CHEAZNTWLS,




1980FEDFFFICHLIEDM1982M & Ic $ Locos Isolation DRI EETH S, LW2ORICH DR ICIELocos Isolation A*RARICEAEI ATV S,

20145£12818(8) BB AT « TEESEWNHS ITE Technical Report Vol. 38, No. 47
1ST2014-52(Dec. 2014)

(Invited) Effect and Limitation of Pinned Photodiode A ES Tiaiein
ichil? Buried Photodiod
Nobukazu Teranishi ated P hsodiade

Abstract The pinned photodiode (PPD) is the primary technology for image sensors and used in almost all CCD  p*gyer N /-

image sensors and CMOS image sensors. This paper discusses effect and limitation of PPD, especially dark =. m N
current and electronic shuttering. Even when PPD is used and silicon surface i1s neutralized, proposed model ) -
explains that GR centers at the silicon surface contribute the dark current. The temperature dependence is an -~ \

activation type with activation energy, E,, not £./2. It 1s important to reduce GR centers for dark current reduction 1 N

at PPD also. It 1s also noted that the vertical overflow drain (VOD) shutter combined with PPD has potential of

high speed shuttering with small skew. Practical and Actual Pinned Photodiode does not use LOCOS isolation, but
with the adjacent P+ channel stops formed by Deep High Energy Implantation
with Lamp Anneal technology developed by Kazuo Nishiyama at Sony in 1978

(2) Pinned Photodiode with LOCOS Isolation

described by Teranishi in 2014 : ) .
TO (3) Pinned Photodiode  (4) Pinned Photodiode explained by

** Pinning GR Center Sony(Hagiwara) 1978 Semiconductor History Museum
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Proc. of the International Conference on Electrical, Computer and Energy Technologies (ICECET)
9-10 December 2021, Cape Town-South Africa

Invention and Historical Development Efforts of
Pinned Buried Photodiode

Vere
Vere
Yoshiak: Hagiwara &
Si02 $i02 5
2 AIPLAB o W
P It hisfesp h+
h+
ad! tificial Intelligent Partnar System (AIPS) N ll
N 1 1
P+ h+ he Atsugi-city, Japan P+ h+ hs
b d ho
" '11 a IRV i ¥ a { -
N+ @ Voi R § B Er e E §¢d\plete Charge Transfer | N+ gy
5i02_| | " hagiwara-yoshiaki@aiplab.com ¢ |4 @ \ith no Image Lag si02
Blue Light Blue Light
Fig. 5 The N+N-P+NP-N triple junction Pinned Photodiode which is a Fig. 6 The N+N-P+N double junction Pinned Photodiode which is a

: . ; T cti 1 5 icati 975-127647.
reproduction of a figure drawn in Japanese patent application JPA1975-127646. repeorctices of B s i Jepmnces et mppRestion JEA TS 1204

197 5FENEHFHEIZAFRETCRHINSE-LDTH S, I[EEEQOEBRELLED, HEEDELTIE
¥ ZDFHAODABREZBNLTUVWED 27, 2021F128IchY, ¥1HT, HEEDFELT
M., [R&DEVWWOD{T = DPinned Photodiode D FBAE [3#k/E7= | &EHBAL 7=,
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#IE BB (AIPS)

Proc. of the International Conference on Electrical, Computer and Energy Technalogies (ICECET)

Q-1 December 2021, Cape Town-South Africa

Pinned Buried PIN Photodiode Type Solar Cell

Yoshiak: Hagrwara

P+PN-PP+EA R AMEEORR WERDN+P single EFSKEER
L
W Light
—4— 0- —_ L @ ot ] - d . -"51 [P]—AE One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
P ™~ N _A P N+ Sioz| Light _ JPA2020-131313 by Hagiwara, _
H P e P [P+ V(i) V(i+1)
= N+ = /’ Light
, ,'i Load - |—/ Artificial Intelligent Partnar System (AIP? — -
oo (o) - ’
\ t \ \ e oty Peteil Wl / \l/ sioz si02 sio2
Very High Solar Call Effiioncy / / / POy Atsugi-city, Japan LT e J : £
Ec with cm u‘::'muu :.ﬂp. ation o Ee | 11-_|,] k. Pﬂ : : ey oo S, ] P

5 >
@ ﬁf}/

The M - ° he Pirned Serface
PP Bae P Barrier Potortial
robos ave holps Short Wave
Photo P - hoto Pake Separstion \\\ Low Soler Coll (Mency
~— ..., Conduction Band (Ec) Sfieh il
= ‘ A
ki P\
N + Floating Storage Region _L 77T L
Ev Ev - \ N+ Ploating Storage Ragion

\
Band Diagram Valence Band (Ev)

(1) BERRALRESEE2EL (5) M OEREOLWREZED,
(2) Anti-bloomingiége%ixs (6) ZRAKREAHIL LV BH I
(3) BF vy 42—t Pinned Photodiode #19754
(4) Global Shutterig&gt% IZH & SonyDFXIRISFER L 7,

hagrwara-yoshaki@aplab.com

¥

‘¢——— One Unit Coll —————p}

Set V(0) = Ground Voltage.
Then we get V(i) =ixV(1)

:w%%%ﬁ%ﬁ%ﬁrwﬁik&%ﬂtLT%%LH%@
ABAROFEFREFT/NAREED, [HEXRDEZEDNDOL] &
LTET,. BESNTHXRDODIRILFWEKICEEL WL T,



P+PN-PP+iEA R A Eit DIRE #X[R R G (AIPS)
Wikipedia (& [#k/&#® Pinned Photodiode® #AE - | LMo TWB EiEHL T3,

@ (R () https://jawikipedia.org/wiki/3% 5 B B2 A 0 98 /) a v= .=,

& YoshiakiHagiwara19480704 tﬂ EIE 22 TEF ELEE ~—FHR JxwFUAR EEZSE OSTF R

~R=Z /-hk BE ®E EEST WikipediaPyZ 183 Q|

R RAA

TR i DU—EHNEE [ FAF< 7 (Wikipedia) ]
e WR BB (3205 KUBS, 104857848 -) 3. DAONYE, T>o=7, I%E B5UCRER,
Lo FCYT-HREREBTA A— ST (BB R) OREETL. FISLNASORET) A ADTHELS>TNBEBAT A b
i &/ 7 — I5(Z: Pinned Photodiode) [1] 2288 LT ¢ TRAN 3.
B HR 357 @197543H 5 HIC Double AR FXZF R L
sEm~_ 1 A - RS SONY (#k) #ADMA~FKFEILAHICHEL 72,
AN |- anen ®1975%108238IIHKRE 2 H0F.
747 3ER) L s JPA1975-127646 & JPA1975-127647% HEIT 3.,
s PSS ® 1975511 A 108 LR BRRAHE B & he.,
s e : in-pixel VOD##HE(} = DPNP EEEDZXAETF
FHE s <FCX016> 570H x 498V One-Chip %ﬁﬁ Iiﬁﬁfﬂﬁ (J Pﬁ19?5-134985) L7,
BAst FT CCD Color Imager, 1978
;’?5’3355 AW) - KFE ==

T
D4 ERT A FICET IO71FCHY TANZTFIRAFTEF I F EMEBEFOFUERE. 1972F(CELTS, 19755F(CIBLS(Pf.D.)&ECarver MeadDIEEDT

ZEMLEHhE e, Pl 1974 nmEsik ciEt s L5,
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SE ATHgEOARY FEE2 2. BEREOEVEFOBEZABENCCETS

https://ja.wikipedia.org/wiki/#k R R I3

& YoshiakiHagiwara19480704 tn E‘E £ T8z BASE A—-FH DxvFUIAL HERE OJ70b

R | I I e EE mEsER | WikipedialIEBE Q

AT AT ﬁ’-? RHEE

S e DU —ENES (D FAF 7 (Wikipedia) ]

IR BRIE (3305 £UBHE. 19485F7R4H - ) (3. HEOBRFE, T>2°7, T5FE, BRSUICERAR,

(1) BEREXREREEZED FLCVIHARHEBVWTA A2 (BEFT/) M R) ORARETV. TIFILAASORET /A ADEGRER

Egg %‘;:ﬁ'ﬁ;‘;"fﬁﬁ%ﬁz STWBIBAT 5+ R 7 — (&: Pinned Photodiode) (1] 2R L= & TMANS.

(4) Global Shuttertfitt % 5

(5) POBBOELVEHEE D, AHD - KEE (==

(6 R e 171ECHU TP THASTRFIEEMELOFUERA. 197260, 197SECBLS(PID.)%

I=$ & SonyMIKEITHEA L 7=, Carver MeadDIEBDO TS, (2] 1974FEDBEEMWCTRE 123,

(7) zoEFXBEEL-EXBED _ - _ e f— . - " \——
SRS & L CR% L ik 2001£E(CIZIEEEM Tz O—IC. FE2004F(CI12V=— » JxO—-ICEREND. ZOERIEEBEF1975SED, V=

OEEQLEEHEEF T4 AEE T "hole accumulation device (HAD)" &&{TVF 51 /zpinned photodiodeZ g & T 3 EFRIREF DI EF TDIRE
o, [BHFOERDIA] ELT HRHRTEE.

BT, #RShTHFEOTRLF - _ -
WEIFHL-WTT, 1983F(CHH T—HTBTRTENFZCCOETA + HAS CCD-GS (319815 (CHF  BUFENIZRRDRIAICED <

EDOTHo=. Bl
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() https;//jawikipedia.org/wiki/Fk 5 E B2 A I Y8

% 8¢ @ &

APD « KFE e
IOMECHY AN ZTINAFETRFIFEMEZOZMAZRE. 1972F(CELE, 1975F(CIBLS(Pf.D.)%ECarver MeadDIEBDT
g, (2] 1974 DS w BICTEN - 123,

20015 (CIFIEEEM 7 O—I(C. F2004F(CZV-—+ JxO—(CEBEIND. ZOEEIERFI975F0D, V=—T "hole
accumulation device (HAD)" &&fTlT SN =pinned photodiodeZtaéh & ¥ ZEARREEFORBF TORENLAR TS 1=,

1983 (D T—R/HBTRETINECCOLETA « HXAS CCD-G5 (219815 (LB « BFaNREORKBICEI< D THo> 2. Bl

BFE - Z88 (==

1. ~ BDAHTA NIAA—R] &6, EFEREEZSAB—X |48 BE®&ANENAT 1-3 D (BREW) UBEE VGFv=—vd) 3

2. ~ The Big T . California Institute of Technology. (1971). p. 94

3. ~ Hagiwara, Yoshiaki (2001). “Microelectronics for Home Entertainment”#. The Computer Engineering Handbook. CRC Press. p. 41-6. ISBN 978-0-8493-
0885-7

https://electronics.stackexchange.com/questions/83018/difference-
between-buried-photodiode-and-pinned-photodiode

https://iceexplore.ieec.org/document/6742594

http://www.aiplab.com/JPA_1975_127646_on_NPNP_type PPD.html
~ hup://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html

http://www.aiplab.com/JPA_1977 126885 on_Electric_Shutter.html

JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland)
on Buried Photodiode with Floating Empty Potential Well.

http://www.aiplab.com/JPA_1975 134985 on PPD with VOD.html

Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
Conference on Solid StateDevices, Tokyo 1978.
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ccd - Difference between Buried Photodiode and Pinned Photodiode - Electrical Engineering Stack Exchange
https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode

@ELECTR'CALENG'NEER|NG [# B A Pinned PhotodiodeDFBAE 7| LBIEL TWLW3,
Difference between Buried Photodiode and Pinned Photodiode

A pinned PD is by necessity a buried PD, but not all buried PD’s are pinned. The first Pinned PD was
invented by Hagiwara at Sony and is used in ILT CCD PD’s, these same PD's and the principles
behind this complete transfer of charge are used in most CMOS imagers built today.

You can get surface state pinning from the dangling Si/SiO2 bonds providing trapping centers. A
buried PD (Photodiode) has a shallow implant that forces the charge carriers away from these
surface traps. The Si/SiO2 surface contributes to increased leakage (dark current) and noise
(particularly 1/f noise from trapping/de-trapping). So confusingly a buried PD avoids pinning of the
fermi-level at the surface.

I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly
attributed to Teranishi and to Fossum (in CMQOS image sensors)

“The first Pinned Photodiode was invented by Hagiwara at Sony.”
“It has long been incorrectly attributed to Teranish and to Fossum.”
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Difference between Buried Photodiode and Pinned Photodiode

A pinned PD is by necessity a buried PD, but not all buried PD’s are pinned. The first Pinned PD was
invented by Hagiwara at Sony and is used in ILT CCD PD’s, these same PD's and the principles
behind this complete transfer of charge are used in most CMOS imagers built today.

You can get surface state pinning from the dangling Si/SiO2 bonds providing trapping centers. A
buried PD (Photodiode) has a shallow implant that forces the charge carriers away from these
surface traps. The Si/SiO2 surface contributes to increased leakage (dark current) and noise
(particularly 1/f noise from trapping/de-trapping). So confusingly a buried PD avoids pinning of the
fermi-level at the surface.

I've edited this Answer to acknowledge Hagiwara-san's contribution. It has long been incorrectly
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“The first Pinned Photodiode was invented by Hagiwara at Sony.”
“It has long been incorrectly attributed to Teranish and to Fossum.”
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(1) P2019 3DIC2019 Paper on 3D Pinned Photodiode 6 pages.pdf

(2) P2020 EDTM2020 PaperID 3C4 by Hagiwara 4 pages.pdf

EDTM2020 Paper on the P+PN+P Junction Pinned Photodiode and Schottky Barrier Photodiode.html

(3) P2021 IJSSA2021 Paper 20210616 on Electrostatic and Dynamic Analysis of Pinned Photodiodes.pdf

P2021 IJSSA2021 Paper 20210616 on Electrostatic and Dynamic Analysis of Pinned Photodiodes.html

(4) P2021 ICECET2021 Paper61.pdf

P2021 ICECET2021 Paper6l1 html

(5) P2021ICECET2021 Paper75.pdf

P2021 ICECET2021 Paper75_ html

+++++++++++H+ bR


https://202011282002569657330.onamaeweb.jp/AIPS_Library/15_P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/16_P2020_EDTM2020_PaperID_3C4_by_Hagiwara_4_pages.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/EDTM2020/index.html
https://202011282002569657330.onamaeweb.jp/AIPS_Library/17_P2021_IJSSA2021_Paper_20210616_on_Electrostatic_and_Dynamic_Analysis_of_Pinned_Photodiodes.pdf
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=245&doi=10.11648/j.ijssam.20210602.13
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper61_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper61.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper61_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper61_Slide001.html
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper75_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper75.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P2021_ICECET2021Paper75_PWD_897_992_647_542_870_423_776_till_Dec_10_2021/ICECET2021_Paper75_Slide001.html

(3) P2021 1IJSSA2021 Paper 20210616 on_Electrostatic and Dynamic_ Analysis of Pinned Photodiodes.pdf

P2021 IJSSA2021 Paper 20210616 on Electrostatic and Dynamic Analysis of Pinned Photodiodes.html

LPD (um)
100 b= Light Penetration Depth

Relative Photon Power ( W/ums)

0.708 31011 13 1.6
Photon Wave Length ( pm )

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

E=hw=hf=hc/A The light . fth length than A “112
= e light energy of the wave length more than A= 1.12 ym
L E (eV) =1.24/ A (pm) | can not be converted to electrical energy in the silicon crystal.

Figure 26. Photo Energy Spectrum of Sun Light and Light Penetration Depth of Silicon Crystal.
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Figure 27. Barrier Potential and Barrier Width of P+P Doping Profile.
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Barrier Width Whbar is about 0.3 um for Raa = 0.1 um.
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Figure 28. Barrier Potential and Barrier Width of P+P Single Gaussian Doping Profile.
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Barrier Width Whbar is about 3 um for Raaa = 1 pum.
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Figure 29. Barrier Potential and Barrier Width of P+P Double Gaussian Doping Profile
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Step 1 Start with a very high resistivity P-- Wafer
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Step 2 Form the buried N- charge collecting region (MIASKO01)
Note that the N- buried region must be completely depleted.
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Step 3 Form the buried N+ Photo Charge Storage Region (MASK02)
Note that the N- buried region must be completely depleted.
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Step 4 Etch the silicon wafer with KOH (MASKO03)
Note that the N- buried region must be completely depleted.
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Step 5 Form the P surface region

Note that the N- buried region must be completely depleted.




(9) P+PNPP+ES ® doubleiZ SR D #HE KB DS & £ DEMERIE

Step 6 Form the P+ heavily doped pinned surface region (MASK04)
Note that the N- buried region must be completely depleted.
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Step 7 Form the surface oxide layer

Note that the N- buried region must be completely depleted.
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Step 8 Form the P+ heavily doped regions at the wafer edge and the wafer back side.

Note that the N- buried region must be completely depleted.
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Step 9 Form the contact windows (MASKO05)
Note that the N- buried region must be completely depleted.
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H
P+

V53 P

P_|'H Si02
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Step 10 Form the metal wirings (MASKO06)
Note that the N- buried region must be completely depleted.
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Note that the N- buried region must be completely depleted.
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Note that the N- buried region must be completely depleted.

GND V1 V2
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(A) Pinned-Surface and Buried-Storage
PNP Photodiode with Adjacent Channel Stops
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4

wave Jlength (nm)

(C) Signal Output with No Light
showing Very Low Dark Current Feature

Without Image Signal

(D) Signal Output with Input Light
showing No Image Lag Feature

with Image Signal

Figure 16. The Spectral Response and Signal Outputs reported in Hagiwara SSDM1978 Paper [6-7] showing the No Image Lag Feature.

[9] Yoshiaki Hagiwara, Motoaki Abe and Chikara Okada, "A 380H X 488V CCD Imager with Narrow
Channel Transfer Gates", Proceeding of the 10th Conference on Solid State Devices, September 1978,
Tokyo Japan, Japanese Journal of Applied Physics, Volume 18 Sup 18-1, pp. 335-340 November 1979.
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Sony Dream Robot, SDR-3

Sony AIBO  ERS 210
\
-

Remoter Computer
For development

[18] Yoshiaki Hagiwara, “Home Electronics for Entertainments”, L 3 : A LR
ESSCIRC2001, Vilach, Autria, September 2001. "Seees’

Figure 38. Sony Dream Robot AIBO ERS-210 and SDR-3.

[18] Yoshiaki Hagiwara, “Home Electronics for Entertainment”, an invited talk at ESSCIEC2001, Villach, Austria, September 2001
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[19] Yoshiaki Hagiwara, “SOI Cell Processor and Beyond” |~ '
ESSCIRC2008, Edmburgh Scotland, U K. September 2008 b e XDR 0| ool BULK

Osamu Takahashi at ISSCC2008 Mitsuo Saito at ICD-ARC Panel May 13, 2008
Figure 39. PS3 Cell / B. E. and Toshiba Spurs Engine.

[19] Yoshiaki Hagiwara, “SOI Cell Processor and Beyond ”, an invited talk at ESSCIRC2008, Edinburgh, Scotland, U.K. September 2001
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128-Bit Multicomparator Chip designed by Caltech Students and fabricated by Intel.

Ref: IEEE Journal of Solid State Circuits, VOL.SC11, No.4, October 1976
- TR TRRAL F BB TE SRR, VIR B4 0, O K OFTOME 7Y Prof. C. A. Mead and Yoshiaki Daimon Hagiwara
128-8it Multicomparator working on the silicon chip design at Caltech in 1972
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in 1972-1973 and fabricated by Intel PMOS process.




128-Bit Multicomparator Chip designed by Caltech Students and fabricated by Intel.
Ref: IEEE Journal of Solid State Circuits, VOL.SC11, No.4, October 1976
Dr. Yoshiaki Hagiwara at Sony Caltech Graduate, 1975

Yoshiaki Hagiwara was born in Kyoto, Japan,
on July 4, 1948. He received the BS., MS,,
and Ph.D. degrees from the California Institute
of Technology, Pasadena, in 1971, 1972, and
1975, respectively.

Since 1967, he has served several research

A T groups in the Institute. He worked as a Data

Ny Processor in hydraulics from 1967 10 1963, en-

L

--
- e

gaging in the analysis of the pressure distribu-

tion of solitary waves, the influence of the

geological features of a harbor upon the in-
duced standing-wave amplitude in the harbor, and the diffusion mecha-
nism of polluted objects in moving fluids. From 1969 10 1971, he
worked as an Experimentalist in the Material Science Department and
studied the switching and other electronic properties of newly developed
amorphous alloys from the low temperature of 4 K 10 room tempera-
ture. From 1971 to 1975 he was a Rescarch and Teaching Assistant
both in the Electrical Engineering and Physics Departments at the Cal-
ifornia Institute of Technology. In the summer of 1971 and 1973, he
visited Sony Cerporation, Tokyo, Japan, as a Product-Appraisal Engi-
neer at the Atsui plant and engaged in developments and applications
of bipolar technologies in video and power integrated circuits. He is
presently with the Sony Corporation, Tokyo, Japan. His interests lie
in the areas of digital and linear integrated circuit designs, the physics
of microelectronics, and artificial intelligence.
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Figure 40. Artificial Intelligence supported by Left and Right Brains.
See http://www.aiplab.com
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https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=245&doi=10.11648/j.ijssam.20210602.13
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Yoshiaki Hagiwara was born
on July 4, 1948 in Kyoto Japan.
Graduated from Murasaki-no
Elementary School in 1958. Lady

| _;;j Murasaki Shikibu is very famous

as the writer of the story of Geniji.

.‘ Graduated from Rakusei Middle
4 High School in 1961. Moved to

Riverside-city in California USA in
1965 and graduated from Riverside

| City Polytechnique High School in
~ 1967. Lived in Pasadena California
~ since 1967 and received BS1971,

_ MS1972 and PhD1975 in Electrical

Sony Family Journal 2003 January Issue, No.142/Vol.27

Engineering and Physics from
California Institute of Technology
(Caltech) . Joined Sony on February

. 1975 till July 2008. Taught at Sojo
w University as a professor till 2017.

He is now serving for the ssis.or.jp.



Artificial Intelligent Partner System(AIPS) Home Page Top

hagiwara-yoshiaki@aiplab.com

Hello, my name is Yoshiaki Hagiwara. | am also called simply as Yoshi, and as Yoshiaki Daimon and also as Yoshiaki Daimon-Hagihara.
| believe that | am the true inventor of the digital camera with the mechanical shutter function capability, which is completely filmless
and free from mechanical parts. | worked at Sony from 1975 till 2008. My friends in Sony developed the digital camera in 1987. Sony is
now enjoying image sensor business. Image sensors are very important to realize Artificial Intelligent Al robots and self-driving cars.

‘

Evidence that Yoshiaki Hagiwara is the inventor

of Pinned Buried Photodiode with in-pixel overflow
Drain (VOD) function is given by the three basic
Japanese Patent Applications, JPA1975-127646,
JPA1975-127647 and JPA1975-134985.

i
ihi

Hagiwara also invented the in in-pixel Overflow
Drain (OFD) Punch-thru Clocking Scheme to
realize the completely-mechanical-part-free
Electrical Shutter for digital cameras, opening
a way to realize our modern digital TV world.

Evidence that Yoshiaki Hagiwara is the inventor of
Electrical Shutter is given by the basic Japanese
Patent Applications, JPA1977-126885.

The first Double Junction Pinned Buried Photodiode

was developed by Hagiwara team at Sony in 1978.

The first Triple Junction Pinned Buried Photodiode

" with Electrical Shutter function was developed by
Hamazakiteam at Sony in 1987.

Yoshiaki Hagiwara joined Sony in Feb 1975 to build Artificial Intelligent Partner System(AIPS), which
includes Artificial Intelligent Robot System, Artificial Intelligent Self-Driving Car, and Artificial Intelligent
Vision Sensor System. His first work was developing the CCD image sensors. Hagiwara Team at Sony in
1989 developed 4M Cache SRAM for SNAPSHOT picture acquisition which opened a way to build the
digital camera system. Hagiwara is also the inventor of the electrical shutter of the digital camera system.

\®,)_



LoD | D e Tranaii
T s 17]]
: : \

(A AL R R LN
\
7’

o 1
T oty

A

N - Noatng Storage Raguon

d (Ec)

Band Diagram Valence Band (Ev)



KEEHXDBEEREARINS L

LPD ()
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;

0.70.8 3011 1.3 1.6 1.9
Photon Wave Length ( pum )
' E-f\w-hf-hClA | | For Silicon, Ec = 1.10 eV and A = 1.12 um

= BEEA112 pm LLEOBEFRIMRIIAENIC
h t (&V) 1.24 7 A (pm) AV ERABREBRTIINABERTELGL.,
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(9) P+PNPP+ES ® doubleiZ SR D #HE KB DS & £ DEMERIE

Step 10 Form the metal wirings (MASKO06)
Note that the N- buried region must be completely depleted.
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Note that the N- buried region must be completely depleted.
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Note that the N- buried region must be completely depleted.

GND V1 V2
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One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
JPA2020-131313 by Hagiwara,
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P+PN-PPHIES R KIEEHDIRE xR RIB(AIPS)
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One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.

. JPA2020-131313 by Hagiwara, .
V(i) m—— — V(i+1)
Light
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P+PN-PP+EARABEhDIRE #*[R R (AIPS)

Digital CMOS image sensor

with highly sensitive and no image lag Hagiwara Diode ( pinned photo diode )
We need also an AD convertor absolutely !!!

1 , (3) Brain Memory Cells
(1) Regnaiyerye Cells We don’t need CCD any more !
=  Retinal blood

retina
(2) Charge Transfer Nerve Fibers

(2) CMOS type digital CTD

(1) Hagiwara 1975 Retina Diode ( pinned photo diode)

But we still need Hagiwara Diode to achieve high sensitivity and no image lag.
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P+PN-PP+EARABEhDIRE #*[R R (AIPS)

Digital CMOS image sensor

with highly sensitive and no image lag Hagiwara Diode ( pinned photo diode )
We need also an AD convertor absolutely !!!

1 , (3) Brain Memory Cells
(1) Regnaiyerye Cells We don’t need CCD any more !
=  Retinal blood

retina
(2) Charge Transfer Nerve Fibers

(2) CMOS type digital CTD

(1) Hagiwara 1975 Retina Diode ( pinned photo diode)

But we still need Hagiwara Diode to achieve high sensitivity and no image lag.
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Silicon crystal with the bandgap of 1.1 eV has a very short light penetration depth (LPD), which is
about 0.1 um. Technically, it is impossible to form a shallow PN junction at the silicon surface at that
shallow depth. So, the energy component of the short wave blue light is absorbed and wasted as heat.
That is why a wide band semiconductor multi-junction type solar cell was desired and developed, such
InGaP/GaAs/InGaAs by Sharp and AlGalnP/GaAs/Ge by Spectrum Lab. However they are very costly.

LPD ()
100 Light Penetration Depth

Relative Photon Power (W) )

0.7 0.8 1.011 1.3 1.6

Photon Wave Length ( pam )
T i :- For Silicon EG =1.10 eV and A— 1.12 um “ﬁi
{E =hw=hf=hc/A The light L of the length than A = 1.12
e e light energy of the wave length more than A = Hm
, E (eV) _J 34’_ A (pm) . can not be converted to electrical energy in the silicon crystal.

The P+PNPP+_Double_Junction_Solar_Cell_invented_by Hagiwara_in_2020 may give the right solution.



Solar Energy Conversion Apparatus
reported and explained in USP2780765 in 1954

Light Anti-Reflection . o ]
g Beginning era a new era, leading eventually

to the realization one of mankind’s most
cherished dreams the harnessing almost
limitless energy of sun for the use of civilization.”

Original Solar Cell reported in 1954

D. M. Chapin, C. S. Fuller and G. L. Pearson,
Journal of Applied Physics, 25, (1954)

More detailed analysis given by Morton. B. Prince,

= The only limited space The floating N region has no electric . .

of the PN junction field inside and photo pairs are not Journal Of Applled PhySICS: (1955) 534

depletion region Load separated, eventually recombined,

can contribute becoming heat and degrading the

the effective photo solar cell quantum efficiency. This  \]. \Wolf. “Historical Deve|0pment of Solar Cells”

pair separation. structure has very low efficiency. ’ ) h ’
= Proceedings of the 25th Power Source

Solar Cell with 4 % efficiency Symposium, (1972) 120

by G. L. Pearson et al in 1954
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https://en.wikipedia.org/wiki/Drift-field transistor VBase > 0
VEmitter = 0 Metal Vcollector > (

Herbert Kroemer (19285882884 1)

KAy BBy Metal JNER P+ N+ RS
19524 (2, YDA NS VIR ZIZHBIT S - .

AEFHEDALICL T FA VDT v 7 4 . )

Vv RETERYBEFOE LS T S, The N+ collector region

has very few holes.

Emitter
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Vcollector > 0

| \ — Wlll
ICBZAEDE, 1963F (CWhWEFPHEMAXRL —H — Base
DFRMEETHIRTILOATOEEDL —F—D
BExBALIZETHD, 7L —7— 3T - )
TEA% S DTS O— AT D When Vbase > 0, the emitter-base

junction barrier VB gets lowered

SlL—w—EYalL X FILTa—07 1. and forward biased.
2000, E&ERILZ bAOZ7XBLY
YTl 7 b XICFABEIN D FERK When no bias and Vbase =0V, Collector

~NTABEDORE] LY/ —NILYEBRE VB = EG = 1.1 eV and the NPN Tr \
ERVTE 2T, is off with no collector current. h-+
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Solid-State Electronics
Volume 24, Issue 12, December 1981, Pages =

1161-1165
Back Surface Field Silicon Solar Cell ®38A Theory of back surface field silicon solar cells
X B S.R. Dhariwal, Arun P. Kulshreshtha
SHERE (N+ £7-13P +) HFHREICHZ, HANL Abstract

(N+P$ 7- ‘3P+N) single ?&‘%ﬂd)Solar Cell @E?’;{bg‘i Back surface field silicon solar cells with n*pp* (or
5 %Ergf:‘c f:o 1963$ (= M. Wolf *|Z % e T;E PP+ sometimes p*nn*) structures are found to have better
e NN < s i A ) . Band Ga characteristics than the conventional solar cells. The
iBZntjlng §‘;£g-*ﬁﬁg£§§’j§if%t %‘%—;’FEET%;‘PJ:G‘)J existing theories have not been able to satisfactorily
N 7 ~— N

predict the experimentally observed parameters on

§Ewﬁﬁé%?ﬂ]& L. REBNMREED %$% Eﬁ L 1-:° these cells. A theory, based on the transport of both
minority and majority carriers under the charge

Cell AR THE L 7= Carrier DAGEBIFEFADRNZ BT neutrality condition, has been developed in the

6;‘: J: ") Eﬁfd)ﬁﬁé’&lj\ é ( L\ E?%%ﬁ“_ﬁh} L\i([i% present paper which explains the behavior of the back

%5&%% &L 'Cfia - *Lf:o % G)ﬁ%\ ﬁEy"ﬁ"ﬁ% ) ﬂﬁﬁw & surface field solar cells. Good agreement is achieved

@Fﬂm*@ﬁﬁﬁ%tu & Lgiﬁﬁ%'&‘y)fco %@f&% { DWHRE between the results obtained by using this theory and

izt . N+PP+ % 7- ld:P+NN+0)S|ngIe Eéﬂ@ Solar the experimental observations of earlier workers.

Cell DEHBER LIFUWENEAT, RETIE, Band Gap EEICP+EZRITEAY v b
DERWVHRICEDEF =7 a2/ e LTEEIN _HTEERETIE BF LA — LOBEORE—ETH B,
LS EBRERTOSBEKRIV 22 FELTHAIATLS, B Lo BEGBE DR (P/Pr) CHDI B, Fe

Y—2oBiRHBSB, Solar Cell @iiﬁ?ﬁﬂl$’&ﬂ.t?‘6°
Solar Celli= %54 % BF I, PN EA/SU FPEBENA,
*M. Wolf, Proc. IEEE, 51 (1963) 674 EBUBTF. EBHT I NLF—DNS LBHO BT TDH S,

https://www.sciencedirect.com/science/article/abs/pii/0038110181901854
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P+P-N-P-P+ Double Junction type Solar Cell
invented and defined in JPA2020-131313 by Hagiwara(AIPS)

The surface P+P doping variation creates the Surface Barrier Drift Field, helping
the separation of photo electron and hole pairs, enhancing the short-wave blue light sensitivity.

Light Anti-Reflection

SioO2

- 10 = = = L

P-

N -
High Resistivity (N-) or Intrinsic (I) Silicon Region completely
depleted of Majority Carrier Electrons with Empty Potential Well,
directing Photo Electrons swiftly toward the N+ Charge Storge Outlet.

Reflection NMetal

Backside Storage and Outlet NN+ region can be made small which does not contribute Photo Charge Separation.

See ICECET2021 Paper6l html and ICECET2021 Paper75 html
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