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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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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
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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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YEFREEAGLOBARLEFEDLEIX [FED 1975F CPinned PhotodiodeZiREL =] EBIEL TW3,
AA=DEVYHT7A P EAF—FORE (VY =—, B3I, nec,. F2) (shmj.or.ip)

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

MIEK A L — DUV TEBREZIC T M A— BRFABLSNSR, 1987F,. V— (1) JBSIEA, HAET. BEEH, B)IEAK. SHRE. BFESX, TZE2&

S F1T- "= I g N 2ot = =
—(FIRTELE VB T+ A 7 — F(Pinned Photodiode) EIEEN TV ZBHETF(V ;/(‘;j;g” CCORMRRT". TL L3> F2EMRS. vol. 12, no. 12, pp. 31
——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)

[ R R R R B RN ENENEN)
III..I...I.I..I:

A cC A VoD ND
pdsitipmsimrtimrayspivaiyspmiiteounama Bty LI 01201 oy 5 OIS 01 s EEI QDI o
ZTHoN. Pinned Photodiode PTY. S e SIS o
............ .----......“....::................._........................\........ A.-., ‘ :-"’. - _.to-: ‘:U:.H.—-.x- o
FNTIA M A— ROBAEP L ERRUCT IRENBUE Y- —H SRS =T At ——
nre. BA5319774, RESREPEEPEER(DIIL)CEALERCELE 11 . e 005
IICEYBHT BT ET SHAEETEREML. T MM A—-BFOS1FIvoL o~ - “‘7’& s
LorhiFsmEmiERan: W, £rY=— (319785, BUBEOTA M1 " R e
7 — B&BUEFT(Frame Transfer)-CCDA X—St2 > FRLURE B | Z2nss o o= 1Y i \J
RSE22/34 > F 28 KERFT-CCD- x—?)t‘/*j’&ﬁ]b_\{':\ JPA1075-127646 X1 7 L./ spar975-1276a7 [E] 7 IPA1975-134985 K] ? 13



FEFERANBBEFE

AA=VEYAT7H P EAF—FDOHE (VY =Z— HIL nec. HZ) (shmj.or.ip)
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,

b

(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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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
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII {

Yi=—

(EZ32EK)

(1) BESIEA. $HAET. BN, B)IEA%. SHRE, #FEFX. 528
FI vy A[IT-CCORERET". TLED s U ZFLBMIBS. vol. 12, no. 12, pp. 31-
36, (1988)

(2] mEBC. BRA—. € FRE. LBEE. BFAXSR. “1/314>F36HER
IT-CCOZH—", FLED3 VU ZEESFEMIKS. vol. 15, no, 16, pp. 31-36,
(1991)

(3] B, “‘BARREEE". FiTAHk 0§358-46905 (19755115108
1))

[4) /v, TA—/\B, "‘BERBEEE"FIFAER 862-20750 (197718
10HHB8)

(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 BRI (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) BERRALBRESE%EL (5) M OEREOLWREZD,
(2) Anti-bloomingiége%iss (6) ZRAKREAIL L EH 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
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(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

2.22



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,
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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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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
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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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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

] PR— : i CMOS | :

“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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B Microsoft Bing Who invented Pinned Photodiode ? & () Q

Yoshiaki Hagiwara

2 FORETICEDS
0QQO Evidence that Yoshiaki The first pinned photodiode (PPD)
Hagiwara is the inventor of Pinned was originally invented by Yoshiaki
Buried Photodiode with in-pixel Hagiwara at Sony in 1975 to use for
overflow Drain (VOD) function is the interline CCD image sensors.
given by the three basic Japanese Hagiwara at Sony invented PPD also
Patent Applications, JPA1975- with the antiblooming function in
127646, JPA1975-127647 and 1975.The evidence are given by the
JPA1975-134985. three Japanese patent application,
JPA 1975-127646, JPA 1975-137647
and JPA 1975-134985.
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Fossum @ 2014DIEEED{XICIIEEBIRDEE L H 5,

[1975FE DFKE D HEEEFICHSSDM1978 1 DB H R TEHEEEE (B&EoA W)

DER\FAGLV] EHELTVLS,

FOSSUM AND HONDONGWA: REVIEW OF PINNED PHOTODIODE FOR CCD AND CMOS IMAGE SENSORS

Fossum did not quote the in-pixel source-
follower Active Circuit invented by Peter Noble in

1966. Fossum did not invent Active Image Sensor (APS).

In 1993, a CMOS active pixel image sensor (APS) with
intra-pixel charge transfer was proposed by Fossum et al

at JPL [30], [31]. Performance 1mproveiﬁnf using backside
Wrong

‘“ Pl 1 Oudismin Pudes 2 Caborem MNalwr 2

w.‘ ';NI 1‘ v~
¢ up : OV“ =0
To Cudvme Iw
Ted
In ﬂzm

- Nsove Fudbrase
i Crarrvent Aeplatsr

OND oV Lowed PMOS

Active Pixel Sensor invented by Peter Noble in 1968
used widely in Modern CMOS Image sensors

- [6] P.J.W. Noble, “Self-scanned silicon image detector arrays,” IEEE

Trans. Electron Devices, vol. 15, no. 4, pp. 202-209, Apr. 1968.

on the active photo sensor with the built-in source-follower
type 1n-pixél current alpllfler circiit, a very important

element for modern CMOS image sensors.

Sony does not use the LOCOS Isolation which
has the serious thermal oxidation stress and degrades
the image sensor chip-yield and causing surface dark
and crystal defects. Sony use the defect-free high energy
ion implantation and the Lamp Anneal Process invented
and developed by Kazuo Nishiyama at Sony in 1978.

P+ surface may become
Floating High Resistivity

Pinned Photodiode with LOCOS Isolation
described by Teranishi in 2014

Pinned Photodiode defined by
Semiconductor History Museum

Pinned Photodiode reported
at SSDM1978 bv Sonv(Hagiwara)

I N |
| N B e
P well | - /7
N sub
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Fossum @ 2014MDIEEED/C I I3EE

e DECEHD D D,

Difference of (1) NEC Buried Photodiode (BPD) with image lag problem

(2) KODAK Pinned Photodiode (PPD) with the LOCOS isolation
and (3) Sony Pinned Photodiode (PPD) without the LOCOS isolation. But,
Sony used the high energy ion implantation and the Lamp Anneal method which
was invented and developed by Kazuo Nishiyama at Sony (JPA1981 -30113).

(1) NEC BPD

NEC IEDM1982 Paper
Floating ra v-CCo

- SOy
~

~
2~ C———

o
No P+ Channel Stops

Fig. > PONP- structure pRotodode

W Unat Onll Cross sectongl vew

'.? !_:f:....':':_':.."} N
| Y% b
l’

+ / -
- - e o -
l -“9‘-- D IJ:E

3 #L‘. .

LR R *

There is still image lag

(2) KODAK PPD

The surface P+ layer
is NOT connected to
the LOCOS P+ layer.
The surface P+ layer
may be floating and
this photodiode may
have serious image lag.

SSDM 1984 KODAK Paper

Serious Image Lae ?

(3) Sony PPD

___%q——;——— | ]

JPA1975 -134985

43 6 I o 2
i » [r‘-— c
A S 1~ A~ > }J.Lu-
@ - —= \
= \ l’ Pinned Grounded
- Surface —

t
SSDM1978 Sony Paper
L= L o f
2§ < K

" S
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P+PN-PP+iES R XEERDIRE R RAE (AIPS)
Buried Photodiode with Floating P+ Surface of Serious Image Lag Problem

The parasitic capacitance coupling with the surrounding depletion region and the gate oxide.

Pinned Photodiode must have the adjacent heavily doped
P+ Channel Stops Region or a metal contact as an option CTG
as shown in JPA 1975-127646, JPA1975- 127647 and
JPA 1975-134985 invented by Yoshiaki Hagiwara in 1975.
See also SSDM1978 paper by Hagiwara in 1978.

Si02 /s

P-type Substrate
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Difference of Buried Photodiode and Pinned Photodiode

Figure 5 does not have the P+ channel stop nearby.
Buried Photodiode

mv \oo-o-o-t»ccy L 09 (Lsperiment) v
Floating Surface P+ region ﬁ qu | “w—x--a= Gorogecdle Decrors {10 .~
o of PO (Laparimant) %
\‘ e el =
= <08
g s A :
> o
= ‘$ %.5 §
3 Sr 'Y e “:
> ]‘/ \b \m Fleld ™ %
Serious Image Lag Problem e 5 ®
8 8 6 c\ \D\“ l 'Pz g
rd Flero SR o
NEC IEDM1982 Paper N . 1. &
H 0 S ok Y
Floating ., 5 y-cco
+Layer N ody TG Chonnel Potential (¥1
Prlayer —'—] . There is still image lag
‘ N i N at the CTD gate voltage more than 10 volt.
L ] Y . Fig-6. Storageable clectrons vs. transfer gate channel
’ Substrate‘ - - potential, and CGecCay g vs. transler pgate
N ' channel potential in the P*NP™ strucCture
No P+ Channel Stops photodiode

Fig.5. P*NP- structure photodiode
3) Unit cell cross sectional view

NEC IEDM1982 Paper reported Image Lag

Figure 6 shows that there is still image lag at the CTG gate voltage of > 10 volt. 2.32
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Difference of Buried Photodiode and Pinned Photodiode

(a) Floating P+ Surface Completely Isolated (C) Completely Pinned P+ Surface with RC=0

by the extended depletion region with Surface Direct Metal Contact.
ciG

P-type Substrate

*ﬁ*j

(b) Floating P+ Surface with RC Delay Time (D) Completely Pinned P+ Surface with RC=0

of the finite ohmic substrate resistance (R). with Adjacent Heavily Doped P+ Channel Stops
CTG C1G

P-type Substrate P-type Substrate

= o 2.33



Hagiwara (Sony) invented the in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.

Floating Floating Pinned Pinned

Surface Surface Surface Surface
N+PiEa R PNPiESE! | PNPiZARY PNPNiESH!
HBIOFDHEE 4 L | BRELOFDIEIE ?L L EEEOFD%EH HEEIOFDIEE 4 L gﬁg-__opmgﬁﬁ

ZHETL ) ZHFET

‘ﬁﬂﬂ% BellLab | BeliLab | Philips Sony

Hagiwara Hagiwara
h- CCD 1970 | CCD 1971 | June 1975 § 5 F1g75" | oct 1975
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BT IFIE

—mmm
T T > To T

RARFZAT
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EREFIYYR—

JPA1977-126885 234



Pinned Photodiode ® %BA & BAHEE H

1) 197 0&FLFjlE Single b 1=~ 7=
) 197 0ELCCD/MOSWEES-‘Z%??#%HHénto

(3) 1975F6AHIC #F7»&ZnD Philipsttick V)

Double E&E DB HIAHPhotodiode BFEB I 7=,

(4) 1975%10A23HIC Sony (FKIFE) I

Global Shutter #&#EfT % dDouble & TripleiZE&E D
KD LW Pinned Photodiode A3%BA L 7=,

(5) 1975%11A10HIC Sony (F&IE) I

EHIR(N)IZPNP DoubleiE& & Z#fm L T VOD{HD
& D7\ Pinned Photodiode #%HBA L 7=,

(6) 197 7%FIcSony (FkI&) X PNPN(Thyristor)#&&

DRHREZEFICHEWT Punch-thru Action 2FJHL T
& D 1\ WEFShutter Clock BEEN AKX 2 FBA L 7=,

(7) 197 8%9H SSDM1978 ICT Sony (FIF) &

ZREDEVL FEERTFEAXOREREICT ChEREARKER

HMEZn Iz vWwDouble #EA&BE DPinned Photodiode Z1H#H5E T
PO THFELBAEB CTHREREROAXREAMEDIZESTIRE L 1=,

(1) Before 1970
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RRDON+PEASRKBEEHIE. KBEAXOEERXIRLF—KDLZEKICLTWS,

(1) #tkd Single EAR KRR EMTIEIZRED FloatinglREET
BRREICIIFRBEFEEF(hole) DRT7T 2B T B /1Y FE
HEEHLILEL., EERFEBHXDODNAETIMENIEE ICEL,
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mEIE7. P+PNPP+O X 7 VIESOHBXKEEMICICET %,

N (1) fe3kB! Single N+PiES D KIZE;
71\ %%%Eﬁ‘ FIoating 1*?31373% & ﬁ‘ﬂij(a)ﬁ:ﬁh‘gf% 3,
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Pinned Photodiode ® #BA & BFHSE H

9 7 0 FELIFIIE Single IZABIZXEFEFF -7,
9 7 0FICCCD/MOSBRERZRFFHFEBAINT-,

Hagiwara(Daimon), ISSCC1974 Student PhD Paper
on Buried Channel Charge Coupled Device (CCD)

Vi1 v2 v3 V4 Vi v2 v3 Va4 Vi v2 v3 V4 Vi
2 T < 9 2 T . . *.° AT S, I -
| | —| S— S— | S— | —| S—  — | — | — | —
Sio2

e-
N type Buried Channel

P type Substrate

E i = 1796 voit

—E min™ 824 voir/om

z
Minimum Potentiol @ (volt)

N

0

(volt/u)

«006

v

Fringing Field

(b) Polysilicon and Metal Overlapping Gate BCCD

(1) Before 1970

_P N-I—

Si02

|
- Light

(2) CCD Bell Lab, USA 1970

Vpin

P [N~ [sio

Light

ISSCC 74/THURSDAY; FEBRUARY 14, 1974/COMMONWEALTH H-J BALLROOM/1:30-5:45 P.M.

Chairman:

THPM 13.1:

Lewis M. Terman

IBM T, J. Watson Research Center, Yorktown Heights, M. Y,

Charge Transfer in Buried-Channel Charge-Coupled Devices*
Yoshiak Daimon, Amr M. Mohsen®*®and Thomas C. MeGill

California Institute of Technology
Fasadena, Cal.
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Pinned Photodiode ® %BA & BAHEE H

(1) 197 0&FLEIE Single ?%Aﬁi HRFIFEo71-,
(2) 197 0FICCCD/MOSEERZNFFHFHEBEINT-,

(3) 1975%6HIC 7 > Z @D Philips

Double A% @18 A ZPhotodiode 73 FFBAX t.7-

Floating Surface P+NP Double Junction
Buried Photodiode with RC delay time

Cox

..........................................
oee
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P-type Substrate

JPA1976-65705 on PNP junction Buired Photodiode
Priority June 9, 1975 Netherland Patent 7506795

1“111 le‘l

7 15 12 13 7 3
z , |
\‘:F:\\\\\ \\\\‘f\ o/,
7 —t4
NN ’v’['/\

V/ A A A

22 23 F|g 2 18 21 20 '\2

-.?__;‘

SHREDVTELEIC
EXEETE TRCEE
hial, ev8o
ShTuwhwneg,
IEBHIAHANE I
STETEZILIXER
L&,

1B HIAHNIEH
FELEBYER
ZzitIniL
RIGIEILLCEBD
CDZHEETIE
HiFEBYIZIF
BHhuw,

(1) Before 1970

_P N-I—

|
L Light

Si02

(2) cCD Bell Lab, USA 1970
Vpin

Light

P [N~ [sio

(3) Philips June 1975

T P ‘N_‘P <Si02 .

Light

2.38



Pinned Photodiode ® %BA & BAHEE H

(4a) Sony (Hagiwara) Oct 1975 JPA1975-127646

(1) 197 0FLLEIIE Single ESBZRHNFEFIE T,
(2) 197 0FICCCD/MOSARERZTHAEFHFFMAINT-, Ves
@

(3) 1975&F6AHIC FF»4d Philipsttick V)
Double E&E DB HIAHPhotodiode BFEB I 7=,

(4) 197541082 3HIc Sony (#&) &
Global Shutter #ge{J = DDouble & TripleiZzSE 0

%% D7 LWPinned Photodiode AA%BA L 7=,

(5) 1975%11A10HIC Sony (FKIFE) &
EAR(N) ICPNP Double#& &3 % #2pk L T VODft D

BHRE L ,
5%k D 7%\ Pinned Photodiode % %BA L 7=, Rilosull a ¥

P

Si02 Light

N —

Vpin

P

B ol

oo M)

-

BEHIAT
(6) 197 7%(Sony (GRE) I¥ PNPN(Thyristoni#gig 3. B8
DRHXFFIZE VLT Punch-thru Action ZFIHL T R O EAR
%15 D% \WETFShutter Clock BREN AR ZFAL 7=, T &
L
(7) 1978%9AH SSDM1978 IcT Sony (FKE) (& Global Shutter
BEOEV ERREEXOBERMEICTChRERER (EEXRA0
#EZ D EWDouble EEE DPinned Photodiode 15T #oxsts s,

N THFE L BB THEROBFEAREDF

STHRE LT

D

!

—d




Pinned Photodiode ® %BA & BAHEE H
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Pinned Photodiode ® %BA & BAHEE H
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Pinned Photodiode ® %BA & BAHEE H
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Pinned Photodiode ® %BA & BAHEE H
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SONY HAD Sensor 1975 was hinted by SONY PNP Bipolar Transistor Process Technology
Conventional Static Phototransistor Dynamic Phototransistor Operation

( by John Northrup Shive, 1950) with lightly doped base region
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Floating Surface N+P Single Junction
Photodiode with RC delay time
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Floating Surface P+NP Double Junction C1G
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Floating Surface P+NP Double Junction Before Invention of CCD in 1970
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Completely Pinned P+ Surface with RC=0
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Completely Pinned P+ Surface with RC=0 Before Invention of CCD in 1970,
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Completely Pinned P+ Surface with RC=0 Before Invention of CCD in 1970,
with Adjacent Heavily Doped P+ Channel Stops
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Hagiwara 1975 patents showed Features of No Image Lag ,
History of Semiconductor Devices 2 - #lag
@ @ Empty Potential Well and Complete Charge Transfer
of the double junction Pinned Buried Photodiodes.
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xR OMERDLEIEMARD)—ITBRLET Two-Chip Color Video
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v 8 MOEE

Technical Report represented at Japan SSD conference Tokyo, May 1978 all solid state = robustness

T/ one pixel = one picture element cell (B3%) <ICX008>
; oy Y 2/3 Inch 120K Pixcel
#ZOFD —}’gs , g IT CCD Imager designed

BCCD&#x % SCCDiii%. MOSHE &=,
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SONY original 570H x 498 V One-chip FT CCD Image sensor with Pinned Photo Diode, 1978

In 1978, at Sony Tokyo Press Conference by Kazuo Ilwama, and i ¢
at Sony New York Press Conference by Akio Morita,

« P+/N/P(HAD)
Gt o & photo sensor

TERray

" Pinn&d Photo Diode, 1978
Hagiwara 1975 invention

Buried Channel
’ a ’ «<— CCD
Vetical Shift Register

Sony announced the Video Camera and 8 mm VTR in one box.

High quality pictures of current SONY HAD CMOS Image sensor with Pinned Photo Diode

L 1)

-

Sensitivity x2

Front-illuminated CIS Back-illuminated CIS

Sony original HAD sensor and the pinned photo diode are the same thing.
Both are Hagiwara 1975 invention. See JAPANESE PATENT JAP 50-134985, Nov.10, 1975
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https://ieeexplore.ieee.org/document/9058907

Multichip CMOS Image Sensor Structure for Flash Image Acquisition
Published in: 2019 International 3D Systems Integration Conference (3DIC)

Yoshiaki Hagiwara

AIPS, Artificial Intelligent Partner Laboratory, Atsugi-city, Japan

Abstract:

A new 3D Pinned Photodiode (HAD) CMOS image sensor structure applied in the 3-Dimensional
multichip high speed digital flash imaae data acauisition svstem is explained and the important

features are discussed.

Al T
J Ron = O’% \—\
Vc Vc
Ve Ve
’ ﬂﬁg%l
P-
N
N+
“Ve

Fig. 7: Bipolar Transistor Process invented and developed
by Yoshiyuki Kawana (A) and Toshio Kato (B) in 1950s.

e e v . loyout of the DAC circuit Chip
7‘7: ;o DY g % Conventional Circuit
W et TOP DAC Chip
Conventional Circuit

343 vrsmmmne Memory Chips ( 1 ~N)

WLl
MC(iL ). k) '

8(j.x)

- ’:::"m ,":_‘x:g:’ One bit Memory Cell MC (i, ], k ) Layout

: v on the K th Memory Floor Chip
L 5 o s i S Conventional Circuit
LD comw i,y -
/ c',..x..r F ‘/Analog Data Comparator Chip

m/ <161

= el el Bottom Image Sensor Chip
[_T'Ilq: —_ ) | I I C Pinned Photo Diode Image Sensor
o || ==t with Back lllumination

B = -;E by Hagiwara 1975 invention
- ! ju— s See Japanese Patent ( 1975-127647)

Back Light Back Light
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1975-1982 Engineerin CCD Imagersand Camera System

1983-1989 Engineering Manager in SRAM/DRAM/ADC

1990-1998 General manager in Sony /NVM/MCU/PS1

1998-2008 Executive Staff Sony Semiconductor
Strategic Planning PS2/PS3

Mitsuo Saito (Toshiba)

Bob Guensey (IBM)
Ken Kutaragi

Yoshiiaki Hagihara
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Artificial Intelligence in Robot Vision

3

Mighty ATOM WALL-E © 2008 The Walt Disney Studios
| ASTRO BOY © Osamu Tezuka
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RRDON+PEASRKBEEHIE. KBEAXOEERXIRLF—KDLZEKICLTWS,

(1) #tkd Single EAR KRR EMTIEIZRED FloatinglREET
BRREICIIFRBEFEEF(hole) DRT7T 2B T B /1Y FE
HEEHLILEL., EERFEBHXDODNAETIMENIEE ICEL,
(2) BNKREIC P+P DEEQARZ2ITT. ERRFEROBRES
mEIE7. P+PNPP+O X 7 VIESOHBXKEEMICICET %,

N (1) fe3kB! Single N+PiES D KIZE;
71\ %%%Eﬁ‘ FIoating 1*?31373% & ﬁ‘ﬂij(a)ﬁ:ﬁh‘gf% 3,

Ml -Hﬂ a

Depletnon Floating N+ Surface

\ Low Solar Cell Efficiency 3 ¢ @~ Reglon :
by Photo Pairs Recombsnation . . . S” of Electrons
. : H H Sea of Electrons

WAL [ \ T,

=
, Rad
— N + Floating Storage Region

I SO-

Blue Light

Mot |

Floating N+ Surface
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RAEMSKIEIN TS, Pinned Photodiode®Dq X —¥t o4 —EPNESPhotodiode®D A A —2
Y —DENENDGEBREREDISONMICE T SHANERKFEFRFTH S, FPNESKEBE
MO RIILE—THHFTIZEAL TIX. Shockley-Queisser BR(SQRFR)&E LT, SiDEREESEIL
TlE. BEONEZ/ELELTIH28NERETHIEEZAODNT NS, CITHFEL Single EED
PNZEESTOEBHEICLSI3LDTHS. RRITZAENEBOSNT-PNPIEER LPNPNEE
ROSARFELIIISEICRHALT-, MeadlZE 512 PNPNPNPEEHZNAFRFEZRHALE. TH
TN A= =L LTENBRZHEODCLIIHMONATINVS, CCTIIKEBEEMDESSED
EFDEOREADOTEEMICH L THAT 2, BHRIICIE 868 % TCEFHXREMLTEETH B,
ZDEBRIZEZAEBEZEICERICEZL-REZHIT I 20EDNH S, PNIZSOZEZEMEEET
THL, SHRAOP+PEBONY PTEREZFAL T, ABRICLY, RETBMEINAREFLIEL
DRTENYTERICEY, WRLCENTHELEBETINLBICABEFDOAZERT 50EHLH S,

Shockley—Queilsser limit

=

WIKIPEDIA From Wikipedia, the free encyclopedia

The Shockley—Queisser limit only applies to conventional solar cells with a single p-n junction; solar cells with multiple layers
can (and do) outperform this limit, and so can solar thermal and certain other solar energy systems. In the extreme limit, for .

multi—junctiﬂﬂ solar cell with an infinite number of Iazers., the c::rresEc:nding limit is 68.7% for normal sunlight,[4] or 86.8%
using concentrated sunlight!*! (see solar cell efficiency). 4.03



B KFEEhDESE

IRTE, ARINhEREESNhTWS
KIFEMIIEEL N+P @ Single
EAE:T"ZF)% xﬁ'éﬁ?b‘i?ﬁ#t,u
=i E*Eﬁ'ﬁd)ﬁ'ﬁ S E D ZNE
FEDH L 00 ARTITHOIER
BESHFELL, HEENICHIOD
Single E&E T MAX 28%T&H %

DiwX H'ShockleyZF I & V) BEIC
1961F ICHLICEINTWLS,

LA L ZDR5RIEH < X TSingle
EAREOXBZERDIZESTH S,

2020F (., #FET P+PNPP+0)
Double 168 O K5 E thiEE
RELT-. JPA2020-131313o

COBETIE, STHBEEIIIZIF
mékii&bﬁ\_&mﬁﬁ‘mi 2|4
LTEYNYTPERDPEFELT
B, AEZBINE-HEFL
F=ILDORTIIMETRL CBEEFIC
DEEINBZEHAEETH B,
EWEBMERLEFINS,

https://en.wikipedia.org/wiki/Shockley—Queisser_limit

Shockley—Queisser limit

From wWikipedia, the free encyclopedia

In physics, the radiative efficiency limit (zlso known as the detailed
balance limit, Shockley—Queisser limit, Shockley Queisser
Efficiency Limit or SQ Limit) is the maximum theoretical efficiency of a
solar cell using a single p-n junction to collect power from the cell where
the only loss mechanism is radiative recombination in the solar cell. It
was first calculated by William Shockley and Hans-Joachim Queisser at
Shockley Semiconductor in 1961, giving a maximum efficiency of 30%
at 1.1 eV.[1] The limit is cne of the most fundamental to solar energy
production with photovoltaic cells, and is considered to be one of the
most important contributions in the field.[<]

This first calculation used the 000K black-body spectrum as an
approximation to the solar spectrum. Subsequent calculations have used
measured global solar spectra, AM 1.5, and included a back surface
mirror which increases the maximum solar conversion efficiency to
33.16% for a single-junction solar cell with a bandgap of 1.34 ev.[Z]
That is, of all the power contained in sunlight (about 1000 W/m?<) falling
on an ideal solar cell, only 33.7% of that could ever be turned into
electricity (337 W/m?). The most popular solar cell material, silicon, has
a less favorable band gap of 1.1 eV, resulting in a maximum efficiency of

= ] Cad
] = =]

[ I I T

Max Efficiency (%)

1 2 3
Bandgap (eV)
The Shockley—-Queisser limit for =7
the efficiency of a sclar call,
without concentration of solar
radiation. The curve is wiggly
because of absorption bands in the
atmosphere. In the original
pap—err-'-- the solar spectrum was
approximated by a smooth curve,
the 6000K blackbody spectrum. As
a result, the efficiency graph was
smooth and the values were
slightly different.

about 32%. Modern commercial mono-crystalline solar cells produce about 24% conversion efficiency, the
losses due largely to practical concermns like reflection off the front of the cell and light blockage from the thin

wires on the cell surface.

The Shockley—Queisser limit only applies to conventional solar cells with a single p-n junction; solar cells
with multiple layers can (and do) outperform this limit, and so can sclar thermal and certain other solar

energy systems. In the extreme limit, for a multi-junction solar cell with an infinite number of layers, the
corresponding limit is 68.7% for normal sunlight,[*! or 86.8% using concentrated sunlight'®] (see solar cell

efficiency’).
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P+PN-PP+iZE€ R KEEHDIRER
#F& D Single N+P IZ5 B KB5S

Blue
Light
]

N+ ‘ Si02

P+ P N
<! |

ing Load —J

Red Light

Problem of Single Junction type Solar Cells

The conventional single N+P junction type solar cell
has a very poor efficiency of the photon to electron energy conversion.

— : - Metal

Depletion 7B
- .Region : e

\ Sea of Electrons
: / Sea of Electrons

Surface Recombination is the problem.

Comparison of Double and Triple Junction tvpe Photo Sensor Structures.

#x R RIZ(AIPS)
Double P+PNPP+iZ&E KI5 E;

P+ P N- P P+] Sio2 Ei';ﬁi
k’; I
Cé; | |
Red Light N + I
Load | —_—

One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
JPA2020-131313 by Hagiwara,

Light

V(i+1)

V(i) m——

........

‘g O Uniit Celll

Set V(0) = Ground Voltage.
Then we get V(i) =ixV(1)
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EEREENLIZ. BARADOP+PEESDE%2FA L/ BAND BENDINGHRICEVELB N TER%
DEKFALTHAEFEFR—NZMERLILL T S, VU3 DBand Energy Gap® EG=1.1 eVIAT®D
BT X)L ¥ —Photon (RERDOFNR) . BEPNICETTRLF—ICEETBRTELRL, ZZ2T¥)aY
chip£®<+2EL T3, EmMetalz£EE & L THE L TET L ¥ —Photon (EEEOHNE) %
R LT, YYAYWAFEROAICHERS L. KEBEHOSRILZBBIEL Y —7BRZMET 5,

LPD (ywm)

100 p= Light Penetration Depth

3

Relative Photon Power (W/um )

HEERTEXIE, YVarkRm
D01 umiEELMMEELELV,
AN IRDRKRKEROKREN
THbRX10 umLH> Vv
EmRAEEELEVL, 1.1eV
LU EDITFIVE -5 DKIEH
: . L B ICHEBRIRTE AL,
0708 1011 13 16 : : : iE> TEEICIE, RRH1.12 um
Photon Wave Length ( um ) LI EDEFANERITEE V) FEEXIC
. =R =N R[]
For Silicon, Ec = 1.10eV and A= 1.12 um 7;60 jﬁl”f_%iﬂ!t LF%HSGD\‘_
E=hw=hf=hc/A 20um BEEOY ) aviEED—F

E V =124 / A The light energy of the wave length more than A= 1.12 ym EE?E\E"J @KF’%E?&%% ) 7::’: 50
(e ) " (pm) can not be converted to electrical energy in the silicon crystal.
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'SONY®DCCD/MOSAEERISIPOSE HEFIT )
PN &0 ERBEREL z&&ﬁ%wﬁtm FLEYaFRE Vol 37, No.10 (1983)

EBEREESOIE %198 3FICHE, |
F L g 888 Vol 37, No. 10 (1983)
GRS BN IR =
% - 2
@
Skt MCZ EWERB WS- MOS Kt — 3
CCD B&%F
m oA m e, E H K =
M oH M, E2A M OF %k B8 J Si02(680nm)
p- unction=5i
& E W % 5-5i02(1700m )-poly Si(10nm )
HoEL EFBERFCBOTEERRETHEI I A—I v /BiE (R37) LBRICEEL Si 5"—"’='5“'“""'"P°13 Si(50nm )
T, SEA »F =34 »BCCDA A=V —T7,  EA:T, p2BBEROEFERFLE. 20 400 EIJI'.I' E-I:lﬂ 'FIJD‘
3 W E LT, WEHM MCZ (Magnetic-field-applied Czochralski method) QM LU p i (nm)
VA ERBATLIEREED, AETELVUIICERELL:. -4 poly SRS
EEGEMOSBE v —THEESES T Lo (SRR EBRLE D LT, 8 SHABEFHE
PN iZE605EaRESEL ZIZRIFEORIFLFEZ RS, Spectral response characteristics.

7=7LPolySi 2100 A LIEEICELTEIDELH>T=, 4.08



/e — p\ i MCZ £ 5B LA MOS Bt o4 —
SONY®d MOS/CCD BISIPOSE=ZHHEF &Y CCD Hig%F
P+NPZIETFD AL BEERERENVRIFL " oAk 18 T ¥ B OE %

t t

SSDM1978TSony (RKE) 13EL T3, | B B EeA Tk B
1978 HEDDATAS SId N+PES ENBAFRLESLLAP+NPESGOBEBEOLESNLL, 7 W EP a %&iE Vol 37, No. 10 (1983)

1.9 ,
oy P
& = N
L q_hﬁ
0.8 o E?%xh
/..r"' M
0.6 =
=
g
= /’ \ ' = ;F.!
. | bip p-n-p-sub
o2k /et 2 ———=mos sonmpoly _
’/ ,/ 2 mos 150nmpoly -n_Junction-Si0z(680nm ) \
= ' . Si-5i 170nm }- i nm
o (D ,—— p-n junction-Si02(680nm) Si Si%gl:w%nm}}—ppﬂéﬂ Si(50mm)
av9  * ; S00 pos 600 700 400 500 600 700
i EE (nm)

Fig. 7. Relative spectrum response. The relative response of the bipolar-type
Si02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) 8 SFEEERSE
structures of the polysilicon thickness of 50 and 150 nm. Spectral response characteristics.
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The actual 1978 Sony HAD sensor has the P+PN+Psub (0) Original N+P junction type Photo Sensor

Junction type Pinned Photodiode (PPD) sensor structure with very poor short wave blue light sensitivity
for the excellent short wave blue light sensitivity. : ™ ;
2 Light I Si02 ‘ N+ ! Psub
1.0 ‘ [ - : :
s T ]
0.8 : ; 2 -
(1) Bip PNPsub junction type Photo Sensor
e with excellent short wave blue light sensitivity
Light | Si02|P+|P EN-I-E | Psub
0.4 . \\\\ =1 I s i E
. bip p-n-p-sub ~™ HEH H J_
ozl / ST 2 ————mos 5onmpoly _ + -
i Y 3 mos 150nmpoly (2,3) MOS Capacitor type Photo Sensor
v 1 : ! A with fairly good short wave blue light sensitivity
400 - . 500 22 600 700 : .
FRIMEZ 1 L2 =7 L : . . : '
Fig. 7. Relative spectrum response. The reladve?wponse of the bipolar-type Light PolySi| Si02 i E Psub
§$i02-P2-N1-P1-SUB structure is compared with poly-SiO2-N2-P(SUB) -3 5 :
structures of the polysilicon thickness of 50 and 150 nm. / | | i

—

Yoshiaki Hagiwara,"High Density and High Quality Frame Transfer CCD Imager with Very Low Smear, Low Dark
Current and Very High Blue Sensitivity", IEEE Transaction on Electron Devices, Vol 43, no. 12, December 1996

http://www.aiplab.com/P1996_Pinned_Photodidoe_used_in_Sony 1980 FT_CCD_Image_Sensor.pdf 4.10



FERESHICEPRESNET (600nm HEXHMETLEE)

Sony (Hagiwara) SSDM1978 SONY  IMX250 HAMAMATSU
FABMCUT 7 4 L EZ—H LT FABCUT 74 L 2—5HY 2?2 FABCUT 74 2—5HY 2?2
IFIFEFHRDOEREREZTT, ETUROERERLIYIIATVS, ==FHROEBERLYThTWLS,

1 BB’ EFLLENS?? EEHSAUEL ENB 2 ?

‘3

Relative Respanse %]
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Fig.13 Spectral Response of the Pinned Photo —— .
with Pinned Si02 Window and Pinned Surface.
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oo P2 | o | LU PLPNPP+ junction type Solar Cell

b N L
P+ v % )
I P I Zl P P ko Single #ARABEE THEXES FloatingRET
— T SREEICIINEF LEF (hole) DT ENEET BN 7E
S Gt 1 rEEsLEC EERESEXORBETEHEIFEEICEL,
Donamic oo Tansi SHEEIC PP OREAREOISFLL Y, GREFER
\ "™ the Empty Potential Well / DRENF—BLALTE, ZOEB2HEKBERICHET 3,
\ \ / / / V(1)
e-\ without Recombination e-— Ec v (0) =GND _ ]
The Pinned Surface
P+P Barrier Potential

by Empty Potential Well Load
" Ligh 1
The Pinned Surface — GND V(1) GND g t GMND V(1) GND -
helps Short Wave

N ;
" ' e- P+P Barrier Potential
Photo Pair Separation

\ / \ helps Short Wave sio2

Photo Pair Separation

Very High Solar Cell Efficiency
with Complete Photo Pair Separation
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e

~—..J . Conduction Band (Ec) P+ 1 P+ V() . Py
ol 8 ) 2 N P + P
House Lme/_K va Vi)
Il ¢ T°g 7 . RewEL )
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=E - ATHgEORY FEE3 2, BEREDEVEFOERABRESNICIGATS
V(1)

V(2)
V(0)=GND

Light Light

Sio2
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P+ V(1)
P

P+ V(0)
P

FewT{L ) TEREZL
High Resistivity P-type Silicon Wafer . = High Resistivity P-type Silicon Wafer E

P
Metal (GND)

-4— One Unit Cell —»- 4— One Unit Cell —b-

P
Metal (GND)

= Set V( U ) = Ground Voltage. —
Then we get V(i) =ixV(1)
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Step 01 XA Intrinsic Silicon Wafer 588 9,

High Resistivity P-type Silicon Wafer

4.16



P+PN-PP+EAR KB EHOIRE #RIR REE (AIPS)
Step 02 High Energy 41 # 3T H:AH TR IAHN-E % Z IR T 5,

High Resistivity P-type Silicon Wafer
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High Resistivity P-type Silicon Wafer

Mask01
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Step 04 B|EWOEEIELAN+ HEZREICEIREKT 5,

High Resistivity P-type Silicon Wafer
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Step 05 P+ fHiE%ZRMEICEIRFEKT 3.

High Resistivity P-type Silicon Wafer
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Step 06 = tmEAICE{LIRZE < 2Rk T 5,

Si02

High Resistivity P-type Silicon Wafer
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Step 07
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Si02

P+

High Resistivity P-type Silicon Wafer

Mask04
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Step 08 KEDEILIEZZEIRT Yy F I L TEREEREZIEY 5,
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P N+ N+ P

High Resistivity P-type Silicon Wafer
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High Resistivity P-type Silicon Wafer
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Metal (GND)
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EEREFEEXIE. BARAOP+PEEIGRAFAL7 BAND BENDINGHRICEVELBNUTER%Z
DEKFALTHAEFELEFR—NZMERLILL T S, VU3 DBand Energy Gap® EG=1.1 eVIAT®
{ETRILF¥—Photon (RIFROFNR) . REMICERIRANNX—ICEETHBRTELAL, ZTZITYYaY
chipzE< 93FL73, EfmMetalz&£EHE L L THHAL TEZX/L¥—Photon (RIERDFNR) %
E&tL T, U3 YWAFEROAICHE RS L, KIEEROSERILZBIELY - ERZNET 3,

V(1)

High Resistivity P-type Silicon Wafer & & High Resistivity P-type Silicon Wafer E

: PL - ‘ - Py : N
Metal (GND) Metal (GND)

4= One Unit Cell =——p; === One Unit Cell mmp;

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

EFIcCellZ 2 2&EETHILICL WV D 2{EDHNEREV(QR)2BI I EHTEET,

EERE®XIE. YVaVvRAE
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EmRAEEELEVL, 1.1eV
UEDIFIVE -5 DKEEH
LD ERRICHKBERTELL,
€ > TEEICIE, BEH1.12 um
LLEDEFARITEE V) BRI
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V(1) —
! ' r

Sio2 Sio2
P+ Pt - P+ P+
P N+ P N+ P N+ P
High Resistivity P-type Silicon Wafer . = High Resistivity P-type Silicon Wafer E
P4 P+
Metal (GND) Metal (GND)
== 0ne Unit Cel| m=—p: == One Unit Cell mm——p:

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

EFcCellz 2 2EHFETHZLICLYVA)D2EBOHNEREV(2) 2B W TEEXT,
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Oct 23, 1975 Oct 23, 1975 Nov 10, 1975 : .
IPALOTE-127645 iPAiSTe-is7eis IPATSTH-134988 Who invented Electric Shutter ?

Pinned Surface Pinned Surface Pinned Surface H agiwa ra at SO ny invented

N-+NP-+NP N+NP+N PNP

Tiple &  powple zam  Dowslezax  Electric Shutter in 1975~1977
iy e Sony Team developed in 1987
/:-I§ P N|P+ N h-.-—g ﬁ-k N [P+ N|N+I_9 vo.glsubm) PN P+F':D Ony eam eve Ope In e '

LR el 24— BRI : v
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http://www.aiplab.com/JPA 1975 127646 on NPNP_type PPD.html
http://www.aiplab.com/JPA 1975 127647 on NPN type PPD.html
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html
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pp.60~67 R Brtr X6@RBF+ v DRIRG
http://www.aiplab.com/JPA 1977 126885 on Electric Shutter.html | S vy 7EEL, 1/2000 ¥
http://www.aiplab.com/JPA 2020 131313 on PPD Solar Cell.html . "
N. Teranishi. Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting https://www.sony.com/en/Sonylnfo/News/notice/20200626/
Surface Buried Photodiode with Floating Empty Potential Well ) . .

g Emply https://electronics.stackexchange.com/questions/83018/difference-
JPA1976-65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) bet buried-photodiod d-oi d-photodiod
on Buried Photodiode with Floating Empty Potential Well. etween-buried-photodiode-and-pinned-photodiode
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Oct 23, 1975 Oct 23, 1975 Nov 10, 1975 : . .
IPRABTL-127646 BALBTEAZeis JPATOTS-13498 Who invented Pinned Photodiode ?

Pinned Surface Pinned Surface Pinned Surface Hagiwa ra at SO ny invented

N+NP+NP N+NP+N PNP

Triple A%  Double #&%  Double B Pinned Photodiode in 1975

RAFRT BHAERTF 2RRTF

R - R v - and developed in 1978.
—IgPNP+N N S| n P+N|N+I—- ub(N) | P NP+F.
o 7 SSDM1978 Conference Paper by Hagiwara in Sept 1978
3 R eor 78 1L TR T
b }é" B L o ™2 ¥l P U v H" e "::,:':"""' ~ Y. Hagiwara, Motoaki Abe and Chikara Okada,"A 380H X 488V CCD
= r HAREN, A1 ir e Y Imager with Narrow Channel Transfer Gates", Proceeding of the 10th
B ot ,_J'\] = J” " :‘ —iuyv Conference on Solid StateDevices, Tokyo 1978.
| [ n” [ “‘._4/[_} 3 SIR o ¢ ’ [ | fe fol .
¢ ot -y . Vo[RBT i i . M & b
Y SR PSS U Mo [ Pinned Photodiode t Y i
s / e is Pinned-Surface =t jel_( ., e st
. ! . e . . '
b ) ) ok o PNP junction Sensor W - .
'

_ ol - with the Adjacent
http://www.aiplab.com/JPA 1975 127646 on NPNP_type PPD.html .
http://www.aiplab.com/JPA_1975 127647 on NPN type PPD.html P+ Heavily doped | .
http://www.aiplab.com/JPA 1975 134985 on PPD with VOD.html : ' P~an |
http://www.aiplab.com/JPA 1977 126885 on Electric_Shutter.html Channel StOpS Reglon' v ! | ] I

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

N. Teranishi, Y. Ishihara and H. Shiraki, JPA1980-138026 on Flaoting

Surface Buried Photodiode with Floating Empty Potential Well ] ) . .
JPA1976.65707 (Patent No. 7596795, filed on June 9, 1975, Netherland) https://electronics.stackexchange.com/questions/83018/difference-
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@1975%3A 5 HIC Double #S8BISZNEF 2 FKIAL One Unit Cell of P+PN-PP+ junction type Solar Cell, which can be connected in series.
SONY (%) RO AFEITAKICHEEL 7-, V(i) - JPA2020-131313 by Hagiwara, V@i+1)

@1975%F10A823HICIEFKEIE 2 FD4FEr. ] Light
JPA1975-127646 £ JPA1975-127647% HEE9 5,

@ 1975F 118108 ICEZAFRAIS LV BHINT-,
in-pixel VOD##E(T Z DPNP 2B DR NEF
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L assssssssssssssmsmEEEnE .P. .............................
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©200849 A I=EfEd ESSCIRC2008 I=T. SONY® Play ' Tt V0) - Sround Yoltage,
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https://electronics.stackexchange.com/questions/83018/difference-

JPA1976-65707 (Patent No. 7596793, filed on June 9, 1975, Netherland) between-buried-photodiode-and-pinned-photodiode

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 http://'www.aiplab.com/JPA 1975 127646 on NPNP type PPD.html

Imager with Narrow Channel Transfer Gates", Proceeding of the 10th http://www.aiplab.com/JPA_1975_127647_on_NPN_type PPD.html
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(1) 1970 F D HK[E

~ Ao CCD @FEHHICHE VT,

i@ EEM AR EHT  Anti-blooming B¥5E % F5D.
Fram Transfer /2@ CCD Image Sensor 23fAF & 1.7-.

Zicabm ot IHBEEN 2R E T Anti-blooming FEHE
2. #% Overflow Drain (OFD) ##—2.
Inter Transfer /7:0® CCD Image Sensor 23ffF¢ & #17-.
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(2) 1975 % 6 A #* 7 v & ® Philips tEic X

Anti-blooming HRE 37225, HATII LD T,
PNP @ Double #&% @ Buried Photodiode % £ L 7.
Inter Transfer /7A@ CCD Image Sensor 23¥¢8H X #17=,

KIM D PRISZSEmm i3 ik & o <ld, BERIEPTR CEE L 72
ZNRFTHoTz, HiRe DEICRCEIENLED Y | ZINMH L.
b FTLd, GNDicv vEHIhTELT, FlFREICR Y,
BIRBTEEICY YN W REDLED o 7=,
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(3) 1975 % 7 H James Early (Fairchild #f) 2 X Y

AT N E R 2 f7# % 9 Anti-blooming #%/E
>, IEED Overflow Drain (VOD) %50,
Inter Transfer 77:® CCD Image Sensor 23¥HH X #u7=,

B ASTEIC X @ E T & S oo N + pEls Tl W EX S
HEIZ L D Tofft  Overflow Drain (VOD) D3 TH 5,

7272 LN +5HIBIC R D & A 7@ FH B ] | 2 i df 1Y 1 132 0ER I
{Hic W WELB 7212 VOD € f@im 2332 RIS TAE L 72,

HA B ER 217 2 H & Tldkd o 7,
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(4) 19754 10 H 23 H #JERME (Sony) ic &Y

XM EEmF T vEOBEEE X Nz, Triple &M D
Dynamic Photo Thyristor 23¥HBH X v7z,

Thyristor @ Punch-thru 8{E i X 2 &% Switching #EHE% 50,
JEMR G AN BRI ER 2R % 3 Anti-blooming BEHE A FEH L 7=,

AR D 7\, SR EMILXFES 1D H 5 Pinned Photodiode @
FEEE»P LT, BF vy v ZX—L L THHRET 5,

FEER Overflow Drain (VOD) & #3F>  Pinned Photodiode

HFIE 19754 10A23HICHHL .,
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(4) 1975 % 10 A 23 H #JERHIE (Sony) ic XY
ZDOZNFRFIIEMBHETH 5,

032K M & ROFHIC X, A2F(n-pixel ) T &I
CCD/MOS &#&M o —K¢i 7 Buffer Memory 23%&m & LT 7=,

itk > CMOS Image Sensor TR & 72 - T\»72 Rotary
Shutter ZIRIC X Y HGRDOWH Bz T & AA[FEL 72 o 72,

H7E. Global Shutter & MEINAEERETH 5, E-> T,
CMOS Image Sensor ICANA] X7z Global Shutter & 1975 4D
Wi, 2 6%/ o7, DESONYDOKERBOFKHTS 3,
5.06



ARBREA A=V v — DR L EREN

(1) CCD »*%BAxh B HiId. SREEA T (Floating)IKEETH B N+PDSingle A%  Photodiode?: - 7=,

(2) 1970 ICCCDAFBAI N, RABICOIDXIEHIAALATF ¥ RILBICCDHRPAINT-,
MOSEERZNEFTHY., TXAHLVEREET [EVEB8] INTHY., E2EFMBED AR TRELNED -1,
F<IZ ZTD CCD/ MOSEEEZHFFDAnti-bloomingiE&EH RV RCAXFairchildit DEMHEICL YV EREI N
RFEINT-, TL2IZEFT%EZ VODTHRUVLEBELAEETH - 7=,

(3) 1975FICIF 4 DDEELRKALER L TH > 7=

1975% 6 A Philipstt® Double i#&E D188 iA#APhotodiode D HHAA

1975 7 B Fairchildtt®CCD/MOSE! % # & F Dt E overflow drain (VOD) A

1975%10A Sony 5, ERFRERIC CCD/MOSE=HR —HF Analog Buffer X €Y —%%&{EL 7-
SRREMAPEVEHIN Triple IEEE D Pinned Photodiode ® #8H

1975%11A Sony b, BRAREHIFEBHFCEERTEL Y BH I, B overflow drain (VOD) %
LD L #HALE-EHIR%Z S ST Triple #A8d Pinned Photodiode d A

ZDI0BD 2% L11BDSONYDEE3HEDFHBEIZ, ZHAHI L EH S -, Dynamic Photo Transistor & Dynamic Photo

Thyristor®, HETHH THOHFATH 7=, ThyristorlZlE—A%ICEE Punch-thrugifEic & 3. On-iEBRHEL T, H2E&E

(CSwitchingBIMEDRIRETH 3 Z L IIRAHMIER TH S, ZOHEREBIZ, ETFHATOEF Vv v X -2 KRIT 2 RBAFL -7,

(4)1980F 4 A 1 HIZ Sonyld., ZDCCD/ MOSBERZHFF% ILTARDCCDICIEAL -, HEOFDZFEALEF> v v X —HHE
Z¥D. 2-ChipdETAh A7 ZRARBRILICEHFATIEILHTHEIIL, ANAOD v VRT4T¥ .y MDY Iy FICEEL.
BRiGDi . BHALBMEERMGEERL:-, I, HETHHTO ILTARICEAEI W=, CCD/MOSBEERZXRFFTH-T-,
Z D Anti-blooming #gE (3 F 72k DEE D Overflow Drain B2 TH - 7=-H°. SONY—tt D ARAFER{ L -HHRMOHAA T - 7T-,

(5)1980F 7 A 1 HicSony (ZHETHH T, Full size ® One Chip® PNPiEAZE Pinned Photodiodef®#H®» FT CCD
ETFDATDORFEICKIILT-. ZD%., 1982%F (213 NEC, 19844F(CiE KODAKH CCDETFTHADAZZ#RFELT-,
ITRTIE, ARDODIBETH 7=, SONYII1980F ICHRFRZRZBICLRZHEITD. 1987FICHRTHH TEmibIcHIbL =,
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CMOS Image Sensor & L T, EH{L, FFEMMLd 2 Z &R TE 7,

Z O &2 #kJ5 1L Sony @ ZEE T, BEOMEEME OIEAXZ T T,
2019 £ 9 Hic{l| & cRIfE 2 7= IEEE D 3 XocERERg D
[E 24 TEEE 3DIC Conference 2019 T# Ol x ¥ oRkFETE -,

2020 #£ 3 Hicix IEEE F{f#® EDTM2020 o E ST 1. $7- 2021 4F
6 Hiciz BFYvy—FNICHLEEL 1. 2021 £ 12 Aic i3 IEEE F{#&
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Drift-field transistor

From Wikipedis, the free encyclopedia

The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-

engineered electric field in the base to reduce the charge carrier base transit time.

) Invented by Herbert Kroemer at the Central Bureau of Telecommunications Technology of the German Postal Service, in 1953, it continues to influence the
\"':" IKIPE DIA design of modern high-speed bipolar junction transistors.
'The Free Encyclopedia

Early drift transistors were made by diffusing the base dopant in a way that causad a higher doping concentration near the emitter reducing towards the
collector.[11-307

[2]:469

This graded base happens automatically with the double diffused planar transistor (so they aren't usually called drift transistors).

Herb's bipolar transistors

Abstract:
The profound influence of Herbert Kroemer's ideas on the development of high-

performance bipolar transistors is described. The historical context and
subsequent development of innovations such as the drift base, achieved through

concentration gradients and later with semiconductor bandgap grading, the use

of wide bandgap emitters, concepts of collector-up transistors, and the
introduction of new heterojunction materials, are reviewed.

Herbert Kroemer receiving the Nobel Prize




Drift-field transistor

From Wikipedia, the free encyclopedia

The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-
engineered electric field in the base to reduce the charge carrier base transit time.

Invented by Herbert Kroemer at the Central Bureau of Telecommunications Technology of the German Postal Service, in 1953, it continues to influence the
':{" IKIPE DIA design of modern high-spead bipolar junction transistors.
'The Free Encyclopedia

Early drift transistors were made by diffusing the base dopant in a way that caused a higher doping concentration near the emitter reducing towards the
collector,[11-307

This graded base happens automatically with the double diffused planar transistor (so they aren't usually called drift transistors).[21-462
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From Wikipedia, the free encyclopedia

The drift-field transistor, also called the drift transistor or graded base transistor, is a type of high-speed bipolar junction transistor having a doping-

engineered electric field in the base to reduce the charge carrier base transit time.

Invented by Herbert Kroemer at the Central Bureau of Telecommunications Technology of the German Postal Service, in 1953, it continues to influence the
':{" IKIPE DIA design of modern high-spead bipolar junction transistors.
'The Free Encyclopedia
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Combination of Double Junction Bipolar Transistor and Filed Effect MOS Transistor, Hagiwara 1975
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z Hagiwara invented PNP junction type PPD in 1975 with
Empty Potential Well (1) blue light 100% QE, (2) No Surface Dark Current and
‘with No Image Lag (3) No Image Lag, Complete Charge Transfer features.
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Field-effect transistor

WIKIPEDIA
The Free Encyclopedia

From Wikipedia, the free encyclopedia

"FET" redirects here. For other uses, see FET (disambiguation).

The field-effect transistor (FET) is a type of transistor that uses an electric field to control the flow of current in a
semiconductor. FETs are devices with three terminals: source, gate, and drain. FETs control the flow of current by the
application of a voltage to the gate, which in turn alters the conductivity between the drain and source.

FETs are also known as unipolar transistors since they involve single-carrier-type operation. That is, FETs use either
electrons or holes as charge carriers in their operation, but not both. Many different types of field effect transistors exist
Field effect transistors generally display very high input impedance at low frequencies. The most widely used field-effect
transistor is the MOSFET (metal-oxide-semiconductor field-effect transistor).

The concept of a field-effect transistor (FET) was first patented by Austro-Hungarian physicist Julius Edgar Lilienfeld in 192511 and
by Oskar Heil in 1934, but they were unable to build a working practical semiconducting device based on the concept. The
transistor effect was later observed and explained by John Bardeen and Walter Houser Brattain while working under William
Shockley at Bell Labs in 1947, shortly after the 17-year patent expired. Shockley initially attempted to build a working FET, by
trying to modulate the conductivity of a semiconductor, but was unsuccessful, mainly due to problems with the surface states, the
dangling bond, and the germanium and copper compound materials. In the course of trying to understand the mysterious reasons
behind their failure to build a working FET, it led to Bardeen and Brattain instead inventing the point-contact transistor in 1947,
which was followed by Shockley's bipolar junction transistor in 1948.2113]
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SO ny_.l PA1975'127647 NPN double junction type Pinned Photodiode
SO ny_.l PA1975'134985 PNP double junction type Pinned Photodiode
Sony JPA1977-126885 Aanti-blooming Punch-thru Clocking Scheme
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Hagiwara (Sony) invented both PNP and PNPN type Pinned Photodiode with in-Pixel VOD Electric Shutter in 1975.
See JPA1975-127646, JPA1975-127647, JPA1975-134985 and JPA1977-126885.
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