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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
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(4) P2021 ICECET2021 Paper61.pdf

P2021 ICECET2021 Paper6l1 html
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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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Classic MOS image sensor
had Large Clock Noise,

CkT Noise and Image Lag

Cs << Cout

Vout = Vout

Cs 1T1CE N+P Photodiode Cout
T with Image Lag T T

lmage] Large CKT Noise
l.ag l

Source Follower Type Linear Amplifier was
too large to place in each picture cell area. I
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Floating Surface N+P Single Junction CTD

Before Invention of CCD in 1970,
1ITICE N+P Photodiode RCA, Fairchild, NEC, Philips

Photodiode with RC delay time with Image Lag )
‘ ,-1-. Serious Image Lag
: _ T Vertical Data Line
E E ’ Large CkT Noise
" - Cv ==
. Coub. . ; I e VOG
HE EE NS NI EEEEEEEEN *.'..“'. ““ .I - houtput
P SEmmEm Horizontal | Data Line
T —_I-:CH
- Vere ) After Invention of CCD in 1970,
LS . lds(t) =lo ( Vs — Vch) 1TICE N+P Photodiode RCA, Fairchild, NEC, Philips
las y _ with Image Lag -
T Qsig(t) = Qo exp (-t /1) [] —~ No Image Lag
v’ A - '_I ]
vd.?tf?.........‘ —_— ? Vertical CCD
V 1 Large Current Flow Q'I‘_ — S " CkT N .
V- .mw "i' i Image Lag = — Sma oise
0 Wi e S . it
VerTase i e B B e e e e e Output
I La .
i Horizontal CCD 2.04



Dynamic N+P junction Static PNP Photo Transistor
Photodiode 1966 John Northrup Shive 1950

Dynamic Charge Packet Static Current Pinned GND
Junction Capacitor Memory No Memory T

Pinned P+ Surface

Floating N+ Surface

4 A El(x=z=%
[n] &6 5 A [2] £% o] ¥4l 5 A [2] B4 o) ¥t a5
Static Dynamic
BRBA=EC)IKE == =P i - . . .
BEL, 75+ RE - EIEER (RO &L 5, NTP junction Photo Transistor Photo Transistor
Photodiode (Shive 1950) (Hagiwara 1975)
HeaE N+P E8& PNPES PNPE&
ABRE LIV (BEEA) | FO @®rRwA) | LG (@EEED
DE IR E FEL (kERESER) | EL (KELESER) FL (NILESEHD)
...... R = o
SEZIcHTIHAZELL| Lz 0 + Z &
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Dynamic PNP Photo Transistor
Yoshiaki Hagiwara 1975

Dynamic Charge Packet

¢ (aL2 ) Junction Capacitor Memory
Swwn  Cp Pinned P+ Surface

oy |
—>»CTD —R—>cTD g N CTGp
oy N\ , -
Q‘% \% =—cC \Cé) —> —@l TR i
C =

Pinned GND

ClaLra

3L

E{E

Pinmfd G.ND
EEAiff [ 4

Dynamic
PNPN junction
Photo Thyristor

(Hagiwara 1975)
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International Journal of Systems Science and Applied Mathematics @

2021 6(2): 55-76
http://www.sciencepublishinggroup.com/j/ijssam
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ISSN: 2575-5838 (Print); ISSN: 2575-5803 (Online)

N e P m iD=
otleneteP

Science Publishing Group

Electrostatic and Dynamic Analysis of P+PNP Double
Junction Type and P+PNPN Triple Junction Type Pinned
Photodiodes

1JSSAM2021D6H ¥ ¥ —F ViR
DT, #FKEIZ1975FICHEEL 7-

BAE HEEEET JPA1975-127647 % —
S | R E D TR L - ‘ |- =
= DIJPA1975-1276A7THEFEF Xk B A}

H*CMOS Image Sensor |[C AR R

\1—‘> =
Global Shutter H#EEDFERAEBETH S

- — = Fo the CCD image sensors with the the classical CMOS image sensors
CEETTAHL LD, Built in Global Shutter Function with rotary shutter effect

Figure 23. Undesired Rotary Shutter Effect of Conventional CMOS Image S'en.*;or.zﬂi.



JPA1975 127646 EMIBS5IE! Global Shutterift>Z Pinned Photodiode
20194E9 8 (-2 THED 3 R EBEKOIEEENEKRS S (HEE) THHTRNTEL,

2019 International 3D Systems [ntegration Conference (3DIC) JPA1975-127646

- Multichip CMOS Image Sensor Structure Vs
W —S/ %
27; ;Z;ﬁﬁﬁ;;_( A z/u " for Flash Image Acquisition Vosau "l R rv“ =1
— by Yoshiaki Hagiwara (AIPS) i :lul

0 XoXé XS Xl X2 X! Xe

& Vv
s A DLME Ry 42
: anmR fo-129404
! B0y : Va1 = Vm) SANE BX (1 A, 23
;. : Back Light
------------------------ ' Fig 1: Cross Section of Bunied Depletion Pinned Photodiode TDNPN : 0
. e s G stacked with two Global Shutter Buffer Memory (GSBM) & 5: The P+PNPN junction type Pinned Photodiode
FRROJ7O-/Lo vy Y - BRIEBE and C1G stages in two chip configuration for synchronizing  With Global Shutter MOS Buffer Memory (GSBM) and the
Lol dedd data transfer to the receiving ADC and Cache SRAM chips NPN junction type vertical charge transfer gating (CTG).
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1980FEDFFFICHLIEDM1982M & Ic $ Locos Isolation DRI EETH S, LW2ORICH DR ICIELocos Isolation A*RARICEAEI ATV S,

20014512818(8) BRI A 7 « TEERNHS ITE Technical Report Vol. 38, No. 47
1ST2014-52(Dec. 2014)
(Invited) Effect and Limitation of Pinned Photodiode (1) NEC (Teranishi)
s 2 233 Buried Photodiode
Nobukazu Teranishi at IEDM1982
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 { ‘N 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.

(2) Pinned Photodiode with LOCOS Isolation
described by Teranishi in 2014

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

TO (3) Pinned Photodiode (4) Pinned Photodiode explained by

** Pinning GR Center

:

g}
¢ ; + N
' 1 X~ ) !
2 FD : }‘ e —F N =
Ip ; P wel | E
T T T
1 : . 1
e ! Nsuwb! !
4 N .
| Photo Diode Transfori CCD

Sony(Hagiwara) 1978 Semiconductor History Museum

i T —
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VDA A—T S —0RBOEL(E. &< [ECCOOBRETENDIEFS. B TEPInned Photodiodeld, EERBEIEICMOST Y —MEER LICEEHT 3%
MiThHh., TOFRPEESHROESZMREL
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and C. Okada, “A 380H x 488V CCD imager with narrow channel transfer gates", Proc. The 10th Conference on Solid State Devices, Tokyo, (1978)) .
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——EZmIA S A—FZHAD : Hole Accumulation Diode&IFAIZ)ZEALVE . )

: 2] mEEBS, BRA—, €FEEZ. \LBEE, B8FARS. “1/31>F36HhER
2/34 >F38HEZEIT (Interline Transfer)-CCDA X—2 > UZEHLEZ. 83V I'ﬁ-gCDt‘/*j—” FLESS LS ammRE. vol. 15, no, 16 /pp. 3/1-36

VIR—3EEFT AN RS [CCD-VI0) EFRRLE 11, (1991)

- (3] ERER, "BARGEE" A% 1858-46005 (10754115108
ESBHIA MM A—-FEELTRTLDC. NELAFZPETEL. RLEADPEZR ) JPA1975-134985
BEEPTICUREIA MIAA—FTHB. COBETIE. SHEOPTRENEREN [4) /i, YTA—\B., "‘BABREESHASR 862-20750 (1977£18
CE BoEn3dize. 1984%F(CKodaklcL>TEV BT A M4 A— REMmE 108 1188)
Nz, BRESK., RWIAFIvILOTICMRT,. BRORESRL, 8K [5] Y. Hagiwara, M. Abe, and C. Okada, “A 380H x 488V CCD imager with
HOGRT VA —DEEETICLIBER - BEOXKEBERREOFBENABN., A4 X narrow channel transfer gates”, Proc. The 10th Conference on Solid State
-V HB I MM A - RELTED TEN=EEEET 3. Devices, Tokyo, (1978): Japanese Journal of Applied Physics, vol. 18,

Supplements 18-1, pp. 335-340, (1979)

19758, V=—H'SPNP RSO RAESBRETFETRRENMENE B8] | %
BEPHB(IZIVA)CT BT ECLDEED T A ML A— R LD (CRESUES
W3- ESECSAELEEESNEER L. SKBEFTABICHLE3T

(6) REFIH., BEHE. PHEE. FHEXE. WRERR. “F0—FvRILCCDEIRSD
S—=hXAS". FLED3 U ZESREMEI|S. vol. 5, no. 29, pp. 32-36, (1981)
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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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http://www.shmj.or.jp/museum2010/exhibi1005.html

EEREZAGESBEFLEFEREEIT [#FEDH Pinned PhotodiodeDEFIZERE | LHIELTWS,
AX—DPE YR T+ bXA4F— FORE (V=—, HiL, nec, H¥F) (shmj.orip)

http://www.shmj.or.jp/museum2010/exhibi1005.html P

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 (

BREPHCLETA MIAA-PTHZ. COBETE. SHEOPTRENEIREM (4] A, TA—\B., “BRREEESTA%R 1862-20750 (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" FLEDa U ¥LEHBE, vol. 5, no. 29, pp. 32-36, (1981)
HT3U - SECSHELEEESANEER L. SHBEEABICHLIE3T [PALGTT-83T Floating
ERBENELE, SABREEPTBICIZEVBH T4 MM A— FOERERBIR -
ETHOL. *» 4 A
L ROT T A A— FOBKEP B BRI T BRENEE R ¢ R TIARE
PNk, BUNSIR1977E, EESEEPEEPEER(YIIL)CEEUEREACE |
P ICESBHIZCET rmmaargNL, JA MIAA— QP F VIl : 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, { | - 215

[Not Buried
The SiO2 exposed N Region.




FEFERABSHESXE

FFESEEIE [#FKFEH' Pinned PhotodiodeMEFIRRE | LHiEL TWL3,

AX=THE YR 7 4 b EA4F—FOHRE (V=—, HiL. nec. %) (shmj.or.jp)

http://www.shmj.or.jp/museum2010/exhibi1005.html

FB/RAX—DUIHTREARFCTA MY A—FNBLSBNS. 19874,
—(FRTEE B T+ b4 A — F(Pinned Photodiode) &IF(EN TV ZARF(V
——FTD I A S A A— FZEHAD : Hole Accumulation Diode& A Z)ZEBLE
2/34 >F38RBEIT(Interline Transfer)-CCDA X—T 7> S &EBLE. 8=

VIR—GAEEFA D XS [CCD-VI0) ERELRE (1,

E2BHIA MYAA—FERLICRTEDIC. NE2AZPETEL., SXHEDPEZ
SEEPHCUREIA MIAA—FTh3B. COBETIE. SAEOPTRENERENT
[CEBowEnadizs, 1984%F(CKodaklCL>TEVBH I A FMIAA— REHRE

Nz, BRESH. LUWIAFISvOLUDICMAT,. BMERORESRL, XK
BOGRT A —DFEETICLZEER - BEOABERREDHFRMNED, A X

-SRI A MM A—-FELTEHTENZEREZET 3,

19756, VZ—-H'SPNP RSO SRSEBRRTFETRREM SN B, 8%

BWEPHB(II V)T BT ELLDRRD T A A A— FOLD (CRESIES
I3 Y- SECSHAELEEEOXNEEN L. BABEEABICHLE3T
cEBNEUE, SABREEPTBICTZEVBHIA M A— ROERERBIE
ETHO.

FNTIA MM A - RORAEPE ’EQ&"‘M&@'%&EI)‘EEC‘J_—D%BE
nr. AUN5(319774, RESEEPHEEPREIR(DIL)CIBALUERERAUE &
fICE>BHI B ET BESREEZIBNL, T MM A-ROYA(FIv Il ;

SeumhiFa@sntEreanz ¥, £rY=— (319788, BUBEDIA MYA ;
A — R&AUVEFT(Frame Transfer)-CCDA X—St > HFFERLUE B | Zns® :

= > 7 T ) — \T= N
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36, (1988)
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IT-CCOZH—", FLED3 VU ZEESFEMIKS. vol. 15, no, 16, pp. 31-36,
(1991)

(3] B, “‘BARREEE". FiTAHk 0§358-46905 (19755115108
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[4) /v, TA—/\B, "‘BERBEEE"FIFAER 862-20750 (197718
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(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) RE1). EEEB. PHEE. FHBEE. #ERR. “JO0—-FvRILCCOERD
S—hXAS", FLEDs U ELBRH®E. 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 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,
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1980FEDFFFICHLIEDM1982M & Ic $ Locos Isolation DRI EETH S, LW2ORICH DR ICIELocos Isolation A*RARICEAEI ATV S,

20014512818(8) BRI A 7 « TEERNHS ITE Technical Report Vol. 38, No. 47
1ST2014-52(Dec. 2014)
(Invited) Effect and Limitation of Pinned Photodiode (1) NEC (Teranishi)
s 2 233 Buried Photodiode
Nobukazu Teranishi at IEDM1982
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 { ‘N 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.

(2) Pinned Photodiode with LOCOS Isolation
described by Teranishi in 2014

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

TO (3) Pinned Photodiode (4) Pinned Photodiode explained by

** Pinning GR Center

:

g}
¢ ; + N
' 1 X~ ) !
2 FD : }‘ e —F N =
Ip ; P wel | E
T T T
1 : . 1
e ! Nsuwb! !
4 N .
| Photo Diode Transfori CCD

Sony(Hagiwara) 1978 Semiconductor History Museum
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P+PN-PP+E& R KB E b DIZE #kIR RFE (AIPS)

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

g o . SRS cti 1 S icati 975-127647.
reproduction of a figure drawn in Japanese patent application JPA1975-127646. repradicticn of & figiie dws . Jepancae pulest sppiosticn JALS7 120041

197 5 FEDNEFTFHEIZAFETCREINE-bDTH S, IEEEOEERZEL LD, BEBDFEELTIE
¥ ZDFHAODABREZBNLTUVWED 27, 2021F128IchY, ¥1HT, HEEDFELT

HMic, [FR&KDEVWWODST = ®Pinned Photodiode DFBAE [3FKE7| LEHEAL 7=, 219



P+PN-PP+HEAR KB E R DIRE

#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,
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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

iy W DU —ENES (Y FAFA T (Wikipedia) ]
A s R REE (2205 KUBE. 194857848 -) 3. BEONFE,. Too=7. I¥E R5UCERE.
L FCYZ-HRAEHCBNTA A -S> (BEF/ A2 ORFEETL. FIFILNASORES) A ADERER> TLBIBAT A b
;ﬁmfg 4o 7— 1*(£: Pinned Photodiode) (Y] 2B LIzC TSN 3.
g e @1975438 5 HI< Double AN K F A RML
EentEr L Adhy . shm SONY () #HADOHMA~FKRISLICHEL 72,
Py IO—F (94 2 o . gt ®1975510823BICEKRI 2 H0IFHF.
547 - 2EZX) B JPA1975-127646 £ JPA1975-127647% HBHT 3.
LT 4 @i - 28 ® 1975511108 ICRBAREA L B S,
™ 2 . . in-pixel VOD¥SEE(T = DPNP ESEOZAET
L —— A IRE I35 B (JPA1975-134985) L 7=,
BAst FT CCD Color Imager, 1978
;dm!&% AVD « KRE e

T
DL ERT A TICET IO7IEICHU TANZFPIHAFTEFIF EMBFOFMUERE. 1972F (215, 1975 (C1BES(PL.D.)&ECarver MeadDIBEDT
SheenEiE B8, (219745 DRBEERCREN BB,
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P+PN-PP+IESRKEEHDIRE xR RAZ(AIPS)
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

RS =R BSE &8 mESE | WikipediaAZER Q

AT AT ﬁ}? RHEE

7Y AR Wi O —EHNEHE (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 g;ﬁﬁ“:‘;"fﬁi%%ﬁz STLBIBAT # R4 7 — F(Z: Pinned Photodiode) (1] #&B LT & THMANS,

(4) Global Shuttertfitt % 5

(5) D OBBOLUEEED, AYD - RRE (=)

(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, BF0ERDIA| LLT HRHARTH .

BT, RRENTHEDTRAF - _ _
B LT 19834 (C I T—RTBTRTENLCCOEFA + HAS CCD-GS (219814 (CHIF + BIFSNTRORIM(CEI<

EDOTHo=. Bl
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P+PN-PPHES B KEEHDIRSE

C @

sHst

) DOEE

=1
DAFRT A PICRT
8L ent

Y=k
UO5

BER-TOEFER
grﬂ%?wju-

BANR-
COBNDEEY L
~—TAR
cONR—-T%3A
J«4F57—-45RE
$EEEURL

ERl/S@EHL

Ty OOFRER
Fl’\pF BT O

BRE/ (T3>

famIER o
7 UOEN

R RAE(AIPS)

() 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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BEAEDS / RX— 3 »100:E

AAXA—Yt>H— (CCD - CMOS)

(jiii.or.jp)

B2 ZBEHESIE 19 7 9FICFAEH Pinned PhotodiodeZ &ML 7= LHIELTWLW3,

BET) (A AOFRMEEE. 10HEBBOT L EDIHANRY—NTHD. #iFR. BRE BEESEF UT
[AA=ZEY—] EFFR) ERBU. HECAREFRA)OMESA DD ASHBUTEL.

BEEO—#ETHIR/EER. Y XANKEN. ENPTHS. ERENHAEV. BRICDH'HHN'HS. BETH
B\ REDRENBD. BIMENRENTL . 1960FREFCA AT T—DRENRAY— bz, TDOESE(E

MO S (Metal Oxide Semiconductor) EH'RLTHoT=.

1970£E(CBoyle& Smith (ZEBellifiZFEFT) H'C CD (Charge-Coupled Device. BEEARTF) ZRERULL. @&
BRETHD., A AU H-DOESRABRRTLA1BEZEETIDCBLTVDRTE. RHREFRICC CDITHEN
MASNECENS. A AT Y-BREOBLEC CDICRADTE. 1970F8ENS (ZMREOPLIFERICE -T2
19784, \LEEE (M FS) (3. BURNABUZEE CREBDBESERETEZIIL -V TIHWEA

—)\—DJ0—RLAIBEEHAULZ, 1979F(CEHFEE— (B NEC) A\ SEDEEREABICERL. BRSO

Wi/ (XFARET 28 o (0 | (Pinned Photodiode) FEMLLE, THSOHR. CCDREETL—E

—%&. BIEEED ) U DOINARFIAASEERTEEUTEBESNTL .
1990FERITRAD E. CMOSOBHRIEN EH. 4BEED M

(3. 1BAT A4 M AA— RECMOSA A—TU P [CBRTRETCCDEREULDE/ A XHERTE. #RD
S OB TR CRERENEDSNIT, 2000F(KESNS (HE F17./2) B\ BOXDNABULEEFCEETSRS
I—FA 0NN TIHBEERIAUMLL, 2001FCHRETS (M V=—) H. EEESCETIRBELES,
NS OFMEERICEDCMOSA A= U—HEE(0RD. EEEENEVIIEDREREHD. BEEE|CEERS
N. SESTERNCBINSE T 2/Z. 2010FCBHES (X85 V=-) B\ /XA U ([CERURCEEEE
BI3EEERBLE. SHRLESHUERENICHEUEDT.

2014 (C(HSEB/ERAZDRUCFRSBEEOEENTONE. /IO HAS. TILIAFIAAS. HF—LRE
MDA a—-T—FE B 588, ERHASREDHESA IS EUVT. S5ICEER. RFERRESHSDS

ECABTAA—SUE - EONBLDICR> I

TLIcEHRERPTIR??

SOTRY—ZERAICRBT B ENTREICRD. E5I(C

. A A=Jt2>H— (CCD - CMOS)

88 A/A-33 L F3EE RALGEROEE ISHE SEMe

ETNHTF

1. W. S, Boyle and G. E. Smith I'CN:rge Coupled Semiconductor Devices] , The Bell System Technical
Journal, vol.49 (1970) pp.587-593

2. LEEE (EARRRE) 58E54-05116. 1978F 1813858

3. 958 » [SREREE) H5857-62557. 1960F 1082808

4. X580 5 [ESERAR! S522001-230400. 2000118308

5. ARE M XYPRLARSSHRETELUTONSSE] B502003-31785. 2001E7811EHM

6. IIE & [EJURRLTONESE. RURTRE) 532015-65479, 2010F 185225 LM

C CDigf&sE+ (I1CX008)
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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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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

3D1C2019.4017 2019 International 3D Systems Integration Conference (3DIC)
Multichip CMOS Image Sensor Structure

for Flash Image Acquisition

Abstract— A new 3D Pinned Photodiode (HAD) CMOS
image sensor structure applied in the 3-Dimensional

multichip high speed digital flash image data acquisition
system 1s explained and the important features are

discussed.

Keywords— Cache SRAM, ADC, Pinned Photodiode,
Depletion Photodiode, Buried Photodiode, Back Light
Hllumination, Global Shutter Buffer Memory, In-pixel
Three Transistor Current Source Amplifier.
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Fig.1: Cross Section of Buried Depletion Pinned Photodiode
stacked with two Global Shutter Buffer Memory (GSBM)
and CTG stages in two chip configuration for synchronizing
data transfer to the receiving ADC and Cache SRAM chips.
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Fig. 2: The P+PNP junction type Buried Depletion Pinned
Photodiode with no image lag feature with MOS Capacitor
type Global Shutter Buffer Memory (GSBM) invented and
defined in Japanese 1975 patent' by Hagiwara.
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Fig. 3: Exact numerical calculations of Gaussian P+P

doping profile D(x), the hole carrier density P(x) and the
built-in barrier potential V(x).

Fig. 4. The P+NPNsub junction type Hole Accumulation
Diode (HAD)® invented by Hagiwara in 1975.
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(A) Pinned-Surface and Buried-Storage
PNP Photodiode with Adjacent Channel Stops
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(B) Spectral Response with Very High
Short-Wave Blue Light Sensitivity
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(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

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.

Fig. 5: Reproduction of figures reported in Hagiwara 1978
paper’, (A) P+NPsub junction type Pinned Photodiode
structure, (B) the Excellent Blue Light Sensitivity (C) no
dark current feature and (D) no image lag feature.

P+NP junction type Pinned Photodiode(A) has the
following three very important features, (B) Excellent
short wave blue light quantum efficiency, which is the most
important feature of Hagiwara 1975 patent®, (C) no surface
dark current problem and (D) no image lag problem, with
also the feature of no surface interface trap (Nss) noise (E).
But nothing is new about the feature (D) and (E) since CCD
had these two features already by 1975.

In 1966, the in-pixel active source follower amplifier
circuit for MOS 1mage sensors was invented by Perter

Noble. See Fig. 6.

'VSS PG ‘.l ght +Vdd VOUf -VSS

Si02
P+ P+ N+ P+ P+

Nsub

Fig. 6: In-pixel amplifier circuit by Peter Noble, 1966
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Fig. 8: The P+PNPN junction type Pinned Photodiode'®

Fig. 7: Bipolar Transistor Process invented and developed with Global Shutter MOS Buffer Memory (GSBM) and the
by Yoshiyuki Kawana (A) and Toshio Kato (B) in 1950s. NPN junction type vertical charge transfer gating (CTG).
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Fig 9: The important concept of Virtual Phase Charge
Transfer of the Pinned Photodiode with the complete charge
transfer operation mode for no image lag feature, describec
and invented by Hagiwara 1975 patents' 1% 11

The charge transfer operation with the pinned surface
potential for the virtual gating concept i1s very similar to the
CCD charge transfer operation. Fig. 9 shows the virtual
charge transfer concept explained by Hagiwara' ©-''in 1975.
Henecek'? invented an additional potential barrier stage to
achieve the directionality of the virtual phase signal charge
transfer operation, which was hinted by Hagiwara 1975
invention® and the virtual phase charge transfer operation of
the image lag free Pinned Photodiode ' as shown in Fig. 1.
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Fig. 10: Cross sectional photos of CMOS image sensors
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Fig. 11 : Metal Cu pillar signal pass wires thru multichip
for the future 3D multichip flash image acquisition system.

Analog Data Comparator applied for IR Sensor
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Fig. 12: Conventional Analog Data Comparator Circuit
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Fig.13: the circuit simulation results of the analog data
comparator for the various reference voltage Vref values


https://202011282002569657330.onamaeweb.jp/AIPS_Library/15_P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf

(1) P2019 3DIC2019 Paper on 3D Pinned Photodiode 6 pages.pdf

e - — — ‘ Analog Data Comparator Voltage

__Ew.m.- VDDH (29 V) conversion DAC and Counter

th[;rr'[:] Control Circuits
v [Ven JET

CuCu
Bonding

I Bonding Interf o Y\M

.
e s O e e .

o - e e -

Bottom
l g~ ’ A _ Chip
— Vreeof

= *

«VDODL (1.1V)
: Cache SRAM Latch

TOP Digital Pro‘cessmg hip

S-Latches 15bkt

cMep | o o |o 1

| . F = HAD G u:-“ & 4019 %
Bottom Image Sensor Chip L ™ st ek hotodods |2 | & ¢ |2

Hole Accumulation Diode (HAD) | Preheit ! '
with the P+ Heavily doped Pinned P+ Ground
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comparator control circuits to generate the match signal M
from the reference voltage A and the image sensor signal S.
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Fig. 15: Electrostatic Analysis of the surface Built-in
Barrier Potential Vi and V, by Depletion Approximation.

X. CONCLUSION
Hole Accumulation Diode® (HAD), with the P+ heavily

doped surface hole accumulation layer, invented in 1975, 1s
very important, because first of all it has the excellent short
wave length blue light sensitivity feature producing the high
picture quality of color reproduction in low level light
illumination, which is realized by the photo electron and hole
pair generation and separation in the built-in potential
barrier' and the electric field at the surface heavily doped P+
hole accumulation HAD. No dark current is the second
important feature. And no image lag 1s the third one since
CCD was known to have the no image lag feature already.
But CCD itself does NOT have the excellent blue light
sensitivity and does NOT have the low dark current feature
which the Pinned Photodiode'>*'" invented by Hagiwara

[1] Japanese 1975-127647 Patent, filed on Oct 23, 1975 on Buned
Deption and Pinned Photodiode with complete charge transfer and
no image lag feature with MOS Capacitor type Global Shutter Buffer
Memory (GSBM) function invented by Yoshiaki Hagiwara in 1975.

[2] Y. Dammon-Hagiwara, M. Abe, and C. Okada, “A 380Hx488V CCD
imager with narrow channel transfer gates, "Proc. of the 10th

Conference on Sohd State Devices, Tokyo, 1978; Japanese J. Appl.
Phys_, vol. 18, supplement 181, pp. 335-340.

[3] Albert Theuwissen, "The Hole Role ", IEDM2005, IEDM Technical
Digest, Dec 2005
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Fig 1: Light Penetration Depth (LPD) in Silicon Crystal.
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(A) Pinned-Surface and Buried-Storage (C) Signal Output with No Light
PNP Photodiode with Adjacent Channel Stops showing Very Low Dark Current Feature
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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.

Fig 3: Features of P+PN junction type Pinned Photodiode
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Fig. 4: Exact numerical calculations of Gaussian P+P doping

profile D(x), the hole carrier density P(x) and the
built-in barrier potential V(x).
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Fig. 5: P+PN+P junction type Buried Pinned Photodiode

defined in Hagiwara Japanese 1975-127647 patent.
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Fig. 6: Cross sectional views of Type C P+NP junction Pinned
Photodiode sensor, Type E MOS capacitor photo
sensor and Type F Schottky barrier photo sensor.

Schottky Barrier Photo Response with zero bias
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Fig. 7. Auw/Ga203 Schottky Barrier Band Diagram
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Fig. 9: CV measurement of Ga;Os-Au Schottky Barrier Fig. 10: IV measurement of Ga03-Au Schottky Barrier
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Figure 1. Artificial Intelligent (Al) Image Sensor Structure with Three Basic Paris.
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Figure 4. SONY 1980 Two-chip CCD Color Video Camera XC-1.
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Patent Claim in English Translation

1) In the semiconductor basic body (N),
the first region (P) of the first impurity is
formed, and on which the second region
(N) of the second impurity type is formed.

2) On the photo sensor (NP) so defined as
a solid state image sensor with Charge
Transfer Device (CTD) placed along the
surface of the semiconductor basic body,

3) arectifying emitter junction (Je) is
formed on the photo sensor (NP).

) The junction between the first region
(P) and the second region (N) being as
the collector junction (Jc) of the
transistor (PNP),

5) the second region (N)becomes the base
region of the transistor (PNP) which
stores the photo charge according
to the photo image.

6) And the charge stored in this region (N)
is transferred to the Charge Transfer
Device (CTD).

N(Basc)e..

LR LR R

N2 e- e- é CTD

e-
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Figure 5. Patent Claim of JPA1975-134985 on the PNPN Dynamic Photo Thyristor with Pinned P+ surface (HAD).

1975-134985 Filed 1975/11/10]
| Public 1977058414 on 1977/05/13 ]

Buried Pinned Photodiode Patent
the PNP Double Junction type
Dynamic Photo Transistor
with the Vertical Overflow Drain
(VOD) Function

CTD
-
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Sony 1980 Video Movie has in one body
an 8 mm VTR and One Chip FT CCD Image Sensor
with the PNP Double Junction type Pinned Photodiode
developed by Hagiwara in 1978

PNP Double Junction Pinned Photodiode
with Heavily Doped P+ Adjacent Channel Stops
reported in SSDM1978 by Hagiwara at Sony

Figure 6. SONY 1980 Video Movie with the PNP Pinned Photodiode by the adjacent P+ channel stops.
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Figure 7. The Buried Photodiode with the Image lag problem reported in NEC 1982 IEDM paper:
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Figure 8. The Buried Photodiode with the Image lag problem reported in NEC 1982 IEDM paper:
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Figure 9. The problems of the ILT CCD Image Sensor without P+ Channel Stops Region.
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Figure 10. Capacitor Couplings of the Floating Surface P+ Hole Accumulation Region.
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Figure 11. Serious Image Lag of Floating N+P Single Junction Photodiode.
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Figure 12. The N+NP+N type Pinned Photodiode defined in Figure 7 of JPA1975-127647 patent by Hagiwara.
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Figure 13. The N+NP+N type Pinned Photodiode defined in JPA1975-127647 patent by Hagiwara.
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Figure 14. Electric Shutter Function and Gamma Control defined in JPA1977-126885 patent proposed by Hagiwara in 1977.
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Figure 15. Comparison of Floating Surface Single Junction Photodiode and Pinned Surface Double Junction Photodiode.
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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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Figure I7. Three types of PNP Double Junction type Photodiodes.
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Figure 18. Electron Potential Profile of Surface Channel CCD.
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Figure 19. Electron Potential Profile of Buried Channel CCD.
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Exact Numerical Computational Results
of One Dimensional and Two Dimensional Electrostatic Analysis

of Polysilicon and Metal Overlapping Gate Buried Channel CCD
See Yoshiaki Daimon (Hagiwara) 1975 PhD Thesis at Caltech , Pasadena California, USA.
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Figure 22. Double Junction P+PNP type Pinned Photodiode with CCD/MOS Dynamic Buffer Memory Capacitor.
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Figure 23. Undesired Rotary Shutter Effect of Conventional CMOS Image Sensors.
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Figure 25. Undesired Rotary Shutter Effect of Conventional CMOS Image Sensors.
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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.


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

(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

Barrier Width Whbar is about 0.3 um for Raa = 0.1 um.

L4 L 4 L4 L4
’ L

Na = 50 ; Naa = 50000 ; Raa = 0.1 ; '

- Light
D)< la + (Ma-lo) tew (-2 / Rat) 50 "]
' : : 'V(x)
VI | Vbar = kT In (F22) ; ;
. : : : Dope(x)

’
’
'
’
’
’
.
’
)

e v boveosnee

S um 4pm 3 um 2 um 1um 0
v( ) s Depth from Silicon Surface (x)  —
X

Figure 28. Barrier Potential and Barrier Width of P+P Single Gaussian Doping Profile.
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Figure 29. Barrier Potential and Barrier Width of P+P Double Gaussian Doping Profile
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Figure 30. Comparison of Single and Double Junction Type Image Sensors
and Solar Cells.

Figure 31. The P+PNP+ Double junction type Solar Cell Structures with the P+ Pinned Surface of Hole Accumulation Thin Layer of Less Than 500 A
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Figure 32. Four Pinned Photodiode Type Solar Cells in Series Connection.
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Figure 33. Fabrication Process Flow of Double Junction P+PNPP+ Solar Cell.
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Figure 34. Fabrication Process Flow of Double Junction P+PNPP+ Solar Cell.
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Figure 35. Band Diagram of P+PNPP+ Double Junction Type Photodiode Solar Cell.
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Figure 36. Historical Developments of Five types of Basic Photo Sensors Structures.
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Figure 37. Comparison of Sony 1978, NEC 1982 and Kodak 1984 Photodiodes.
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Abstract— This paper reviews the origin of Pinned Buried !
Photodiode and its historical development efforts. Three original oe
Japanese Patent Applications filed by Hagiwara at Sony in 1975
are explained in details which defined the first triple junction type “
Pinned Buried Photodiode with the in-pixel vertical overtlow
drain (VOD) function with the electrical shutter capability,
realizing the completely film-free and mechanical-parts-free all-
digital solid-state image sensors. It is shown that the conventional T
PN junction depletion region is not the only place to have a barrier J_—*
potential needed for photo electron hole pair separation. A clever
doping-engineering of the pinned surface P+P hole accumulation
region can also create the surface barrier electric field to enhance P
drastically the photo electron and hole pair separations to increase
the short-wave blue light sensitivity. It is concluded that this “

surface P+P doping-engineering possibly creates Pinned Buried =
PIN Photodiode Type Solar Cell with a better quantum efficiency. Fig. 2 Double Junction Pinned Photodiode type Solar Cell (Hagiwara.2020)

Fig. 1 Single junction PIN photodiode type Solar Cell (Nishizawa 1950)
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Fig. 3 Pinned PIN Photodiode type Solar Cell (Hagiwara.2021) Fig. 4 Single Junction N+NPP+ Photodiode type Solar Cell
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Pinned Buried Photodiode invented by Yoshiaki Hagiwara
as defined in Japanese Patent Claim of
JPA1975-127646 filed on October 23, 1975
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Fig 5 A reproduction of Patent Claim and a figure in JPA1975-127646
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Pinned Buried Photodiode shown in Figure 6

Pinned Buried Photodiode invented by Yoshiaki Hagiwara in JPA1975-134985 filed on November 10, 1975
as defined in Japanese Patent Claim of

JPA1975-13498S5 filed on November 10, 1975
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TABLE L. HISTORICAL PHOTOSENSOR DEVELOPMENT EFFORTS
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Fig. 8 Drift Field Transistor with the base barrier electric field formed by the
P+P base doping-engineering for high frequency operations.
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Fig. 9 Spectral Response of Pinned Buried Photodiode, reported at
SSDM1978 in Tokyo. Sony had no image lag problem by 1980 using first all-
CCD process and then this PNP Double junction Photo Transistor Process while
all other companies suffered image lag problem with the N+P floating-surface
single-junction type photo sensor with poor blue light sensitivity.
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Fig. 12 (a)Two Units of Triple Junction Pinned Buried P+PNPIP-
Photodiode type Solar Cells in series with (b) a diode circuit formation and (c)
two- photo-transistor formation which can be fabricated by Bipolar Tr Process.

P+PNPP+ junction type Solar Cell  N+P junction type Solar Cell
P+PNPP+ junction type
amic Photo Transistor \ I
mll??hnll un%hnt\'o;l;cy. cmtclmu —O/_.
\ the Empty Potential Well / / | \
Very High Solar Cell Efficiency / / /
o

/|
I\ :

\

The Pinned Surface The Pinned Surface
P +P Barrier Potential P+ P Bamer Potential
helps Short Wave

CE without Recombination
by Empty Potential Well o
e.
Low Solar Cell Efficlency
by Photo Pairs Recombination

W

Fig. 14 Analogy of rain drops and photo electrons under the sunshine.

holps Short Wave )
Photo Pair Separation

House Line

.
L * PFn
N + Floating Storage Region



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

FProc. of the International Conference on Electrical, Computer and Energy Technologies (ICECET)
9-100 December 2021, Cape Town-South Africa

Pinned Buried PIN Photodiode Type Solar Cell

(4) P2021 ICECET2021 Paper61l.pdf

P2021 ICECET2021 Paper61 html =

“— Foopm
A (1) ©O(N) ’ a
TOP DAC Control Counter Chip -
R T '|' o) Owgn TOP Dlg'tal Processng hup
c-m.tw:naup-(u i °§’ : I :
T ging Interf
Analog Data Comparator Chip —_— e
Bottom Image Sensor Chip - .L_L : .
defined in JPA1975-127647 — —
Vdd -
= . Bottom Image Sensor Chip
Si02
P+ 1? = N+ N N+ P+
— P
oo = N o= ] Fig. 13 Cross Sectional View of two-chip stacked back-illuminated CMOS
:, :, Image Sensor ( Curtesy of Sony Corporation ) and the future 3D Multichip
! <3 <. sio2 ! CMOS Image Sensor Structure using P+PNP junction Pinned Buried
L Beck Light e Gusk Sighe Photodiode.



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

FProc. of the International Conference on Electrical, Computer and Energy Technologies (ICECET)
9-100 December 2021, Cape Town-South Africa

Pinned Buried PIN Photodiode Type Solar Cell

(4) P2021 ICECET2021 Paper61l.pdf

P2021 ICECET2021 Paper61 html

REFERENCES
[1] https://mainichi.jp/english/articles/20181026/p2a/00m/0na/036000c

[2] http://www.aiplab.com/JPA 2020 131313 on PPD Solar Cell.html

[3] http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html

[4] http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html

[5] http://www.aiplab.com/JPA 1975 127646 on NPNP type PPD.html

[6] http://www.aiplab.com/JPA 1975 127647 on NPN type PPD.html

[7] https://en.wikipedia.org/wiki/Herbert Kroemer



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://mainichi.jp/english/articles/20181026/p2a/00m/0na/036000c
http://www.aiplab.com/JPA_2020_131313_on_PPD_Solar_Cell.html
http://www.aiplab.com/JPA_1975_134985_on_PPD_with_VOD.html
http://www.aiplab.com/JPA_1977_126885_on_Electric_Shutter.html
http://www.aiplab.com/JPA_1975_127646_on_NPNP_type_PPD.html
http://www.aiplab.com/JPA_1975_127647_on_NPN_type_PPD.html
https://en.wikipedia.org/wiki/Herbert_Kroemer

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
(5) P2021ICECET2021_ Paper75.pdf

Vera
s 2
P2021 ICECET2021 Paper75_html gt ladt=le (Ve - Veh)
v * Qsig(t) = Qoexp (-t /1)
s 4
V"I """" o \d

CTG  Light VV"' ' 5> las
"'l%\/d

Small and Slow Current Flow
' Vsl —

I( pixel Vchlde

Image Lag

Thermal CKk'T' Noise

Cout - KT = Visoi a S

oooooooooooooooooooooooooooooooooooooooo

vogy Correlated Double
' Sampling (CDS)
Output Circuit

Vout

Fig. 1 Classical N+ Floating Surface Single Junction N+P Type Photodiode
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Fig. 2 SONY Two-chip CCD Color Camera XC-1 used in 747 Jumbo, with
fast-action movie-pictures of landing and lifting-off with no image lag problem.

Fig. 3 Hagiwara March 1975 Lab Note, sketching N+PNP triple junction
type Dynamic Photo Thyristor type Pinned Buried Photodiode with the vertical
overflow drain (VOD) function with the electrical Shutter function capability.


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

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
(5) P2021ICECET2021 Paper75.pdf

P2021 ICECET2021 Paper75 html

—— Vere
w0 &P (pr 0 1o
SZENp : “()
A’?_‘k/ {"N Vet

4
B G
Pl ~ i
3 N 1
(a) Floating P+ Surface Completely Isolated (C) Completely Pinned P+ Surface with RC=0 A 2 3| 11+ @ Si02 @
by the extended depletion region with Surface Direct Metal Contact. foa = -
c1G Lig d P h+ ht ey h+
cTo
~- h+
W v X = . T; ol U & p- $
== | e e [ @
. iGN g | ? ot
P-type Substrate - strate Py LA
“ ¢ C 2 P W
L *.
(b) Floating P+ Surface with RC Delay Time (D) Completely Pinned P+ Surface with RC=0 A N- h+
f the finite ohmic substrat ista R). i j i
of the finite ohmic substrate resistance (R) with Adjacent Heavily Doped P+ g:;annel Stops @ . 22 12 t e-
——
g .
Nt A ® Vpin
H Si02

@

Blue Light

Fig. 5 The N+N-P+NP-N triple junction Pinned Photodiode which is a

Fig.4 Difference of Buried Photodiode and Pinned Photodiode reproduction of a figure drawn in Japanese patent application JPA1975-127646.
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Fig. 6 The N+N-P+N double junction Pinned Photodiode which is a reproduction of a figure drawn in Japanese patent application JPA1975-134985
reproduction of a figure drawn in Japanese patent application JPA1975-127647. which defined an PNP double junction dynamic photo transistor type Pinned

Buried Photodiode with in-pixel overflow draining (VOD) capability.
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Photodiode reported at SSDM 1978 in Tokyo. Sony was working secretly on the
critical image-lag problem since 1975 and had no image lag problem completely
by 1980 while other companies were suffering image lag problems with the N+P
floating-surface single-junction type photo sensor with poor blue light
sensitivity.
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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
Dr. Yoshiaki Hagiwara at Sony Caltech Graduate, 1975
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Yoshiaki Hagiwara was born
on July 4, 1948 in Kyoto Japan.
Graduated from Murasaki-no
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as the writer of the story of Geniji.
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He is now serving for the ssis.or.jp.
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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.

\®,)_



Who invented Pinned Photodiode ?

Hagiwara at Sony invented Pinned Photodiode in 1975. The evidence is give by the three Japanese patent applications,
JPA1975-127646, JPA1975-127647 and JPA1975-134985. The first Pinned Photodiode was defined in October 23, 1975
as the N+NPNP triple junction( in Fig. 7 of JAP1975-127646) type and the N+NPN double junction type (in Fig. 7 of
JAP1975-127647) type photodiodes with the N+ type pinned surface and the P type buried photo charge storage

region with the complete charge transfer capability and the no-image-lag feature. The photo charge is transferred and
drained to the CCD/MOS type charge storage buffer memory quicky by the strong punch-thru action. The second
Pinned Photodiode was defined in November 10, 1975 as the PNP double junction (in Fig. 6 of JAP1975-134985) type
photodiode with the vertical overflow drain action also with the complete charge transfer capability and the no-image-
lag feature as evidence the empty potential well of the buried photo charge storage, completely depleted of the charge.
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JPA1975-127646 Fig. 7 JPA1975-127647 Fig. 7

JPA1975-134985 Fig. 6



Who invented Electric Shutter ?

Hagiwara at Sony invented Electric Shutter in October 23, 1975. The evidence is give and explained in Fig. 7 of the
Japanese patent application, JPA1975-127646, in which the first Electric Shutter function was defined. The photo
charge is transferred and drained to the in-pixel buried channel type vertical overflow drain (VOD) region, which is
defined as the buried channel region of the buried channel type CCD/MOS buffer memory capacitor. The three-
voltage-level clocking scheme (Clock C and D) of the first Electric Shutter Function mode was defined in Fig. 7 of
JPA1975-127646, using the strong punch-thru action mode between the buried P type photo charge storage region
and the P-type in-pixel vertical overflow drain (VOD) region. The strong draining gate clock D voltage as shown by
creates the very deep potential well in the in-pixel P-type buried vertical overflow drain (VOD) region in case of
Fig. 7 of JPA1975-127646 while the strong draining gate clock C voltage creates the very deep potential well in the

in-pixel iurface N-type inverted region in case of Fig. 7 of JPA1975-127647. Hagiwara at Sony invented in 1975

- C A . : :
1l el g B A SE R S the first Electric Shutter Function.

-

To achieve the complete Electric
- Shutter function, the surface of
. /= the photodiode must be pinned

__ i 7 ; and fixed by the external constant
- Y voltage with the zero resistance.
/J The first Pinned Photodiode was
£_ i invented by Hagiwara in 1975 to

JPA1975-127646 Fig. 7 JPA1975-127647 Fig. 7 achieve the electric shutter function.



First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.
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First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.
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First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.
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ITE Technical Report Vol. 38, No. 47
1ST2014-52(Dec. 2014)

(Invited) Effect and Limitation of Pinned Photodiode
Nobukazu Teranishi'~

20145F12R18(A) BRI A 7 « TEEZWHE

image sensors and CMOS image sensors. This paper discusses effect and limitation of PPD, especially dark
current and electronic shuttering. Even when PPD is used and silicon surface is neutralized, proposed model
explains that GR centers at the silicon surface contribute the dark current. The temperature dependence 1s an
activation type with activation energy, £, not £./2. It 1s important to reduce GR centers for dark current reduction
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.

(2) Pinned Photodiode with LOCOS Isolation
described by Teranishi in 2014

TO

»* Pinning OR Center Sony(Hagiwara) 1978

(1) NEC (Teranishi)
Buried Photodiode
at IEDM1982

Abstract The pinned photodiode (PPD) is the primary technology for image sensors and used in almost all CCD  p*gyer
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Photo Diode Transfer; CCD

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

(3) Pinned Photodiode (4) Pinned Photodiode explained by
Semiconductor History Museum

2.09



First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.

Sony never used LOCOS isolation in image sensors. Instead, Sony used the high energy ion implantation since 1978
to form the adjacent heavily doped P+ channel stops with Lamp Anneal Method invented by Nishiyama at Sony.

(1) Philips JPA1976-65705 (2) Hitachi JPA1977-837 (3) Sony SSDM1978 paper (4) SSIS Japan Semiconductor
Floating Surface History Museum

R(;:cflt%Z?f,v:ﬁzzdtgfbﬁ:ﬁge with Image Lag Pinned Surface with I\’Iig Image Lag Pinned Surface with No Image Lag
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Prlorlty June 9, 1975

Type (1) and (5) do not have Type (2) ,(6) and (7) use LOCOS Isolation which has the high-resistivity side walls.
the completely pinned surface

Type (3) and (4) have the adjacent P+ channel stops.

and both suffer RC time delay. (6) Pinned Photodiode reported (7) Pinned Photodiode reported
(5) Buried Photodiode reported at IEDM1984 by KODAK by Teranishi in 2014

at IEDM1982 by NEC e »* Pinning i1 GR Center
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First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.
Since Hagiwara SSDM1978 Paper, Sony never used LOCOS isolation.
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DFD Gated Channel Stops

Using the thin Poly Si gate CCD/MOS capacitor type Photo Senor, Sony’s Interline Transfer CCD Image Sensors
in 1980 had no-image-lag. And using the Overflow Drain (OFD) of the in-pixel anti-blooming feature, the Punch-thru
Clocking Scheme to realize the Electric Shutter function was invented by Hagiwara in 1977. See JP1977-126885.



First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.
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DFD Gated Channel Stops

Using the thin Poly Si gate CCD/MOS capacitor type Photo Senor, Sony’s Interline Transfer CCD Image Sensors

in 1980 had no-image-lag. And using the Overflow Drain (OFD) of the in-pixel anti-blooming feature, the Punch-thru
Clocking Scheme to realize the Electric Shutter function was invented by Hagiwara in 1977. See JP1977-126885.
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First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.

one pixel (one picture element cell) Very Small Photo Window Area
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LRI, Al (i :

" Serious surface
dark current
was still the

big head ache.

Hagiwara thought the surface trap noise can be quenched
by applying the buried channel CCD type MOS photodiode.

The lightly doped buried channel type N diffusion

( NP junction ) photodiode can operate as the BCCD
type complete charge transfer mode without image
lag and trap noise. But it still had a serious surface
dark current due to the strong surface electric field
of the BCCD type MOS capacitor photodiode, together
with the bad surface positive fixed charge +Qss. Psub LN° Image I.ag]

R
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10 save pixel area, the vertical
Overflow Drain (VOD) was desired.

Sony XC-1 1980
Two-Chip CCD
Color Video Camera
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First Pinned Photodiode was invented by Hagiwara in 1975 in order to realize Electric Shutter.
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Japan SSD Conferenc , DDD78-5, May , 1978.
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