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Intel 1971 NMOS Transistor
    with Self-AlignedS/Dformation
        by ion implantation method

Conventional N+P Single Junction Photodiode
                   with the serious image lag problem
          in 1971 Interline Transfer  CCD Image Sensors
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Sony P+PNPP+ N+P Double Junction Photodiode
                      with no serious image lag problem
           applied  in 1971 Interline Transfer  CCD Image Sensor
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JPA1975-127646 JPA1975-127647 JPA1975-134985
JP1977-58414

3Ὧχ ḻρϜτʺPhotodiodeχ ΥΰμΤϤρỲ ◓π ӊᾧ Ср ϛήϦοΜϥⱧϬ ꜘΰοΜϘβʻ
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SiO2
IntrinsicSilicon Substrate

Load

N+ P+

VBP

VBP

Vout=0

VBP = (1/2)( EG ς( kT ) ln ( Nc / Nv ) ) 

X=0 X=XJ

DP= Nv exp( ς VBP/kT ) ς Nc exp( ( VBP ς EG )/kT ) )

DN= Nc exp( ς VBN/kT ) ς Nv exp( ( VBN ς EG )/kT ) )

VBN = (1/2)( EG + ( kT ) ln ( Nc / Nv ) ) 

No Electric Field 
for Photo Electron and Hole Pair Separations

VBN

No Electric Field 
for Photo Electron and Hole Pair Separations

{ EG = Vout+VB+VBN+VBP; Vout=0;VB=0; }

ễ χ χ
P-I-N Photodiodeψ
ζχϘϘπψʺ

ρΰο
⌠ΰσΜˁ

ϋρῬ Υ ʻ
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001



ᾖ χ ṁ „℅

ρψˁ
ζχ τϘγʺ ρψˁ

002



ᾖ χ ṁ „℅

ρψˁ
ζχ τϘγʺ ρψˁ

ρψ ṓϬ β χάρπβʻ
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ρψˁ
ζχ τϘγʺ ρψˁ

ρψ ṓϬ β χάρπβʻ

004

ρψ ṓϬ βʺβσϩκỲ χάρπβ˂
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Ỳ ρψˁ
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Ỳ ρψˁ

006

ϯиЬϞ ϞỲσςϬΚϤϘβʻ
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Ỳ ρψˁ

007

ϯиЬϞ ϞỲσςϬΚϤϘβʻ
βϓοχ  ◓ψᾖל ϬⱱμοΜϘβʻ
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Ỳ ρψˁ

008

ϯиЬϞ ϞỲσςϬΚϤϘβʻ
βϓοχ  ◓ψᾖל ϬⱱμοΜϘβʻ
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Ỳ ρψˁ

009

ϯиЬϞ ϞỲσςϬΚϤϘβʻ
βϓοχ  ◓ψᾖל ϬⱱμοΜϘβʻ

θρΠωᾖ◓ ‹͍͏χϯиЬᾖ◓χ τΚϥ
ᾖ◓ᶋτψ͍͏ᾤχФжІχ ᴻχ ◓ρ
͍͐ᾤχ ◓ϬⱱμοΜϘβʻ
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Ỳ ρψˁ

010

ϯиЬϞ ϞỲσςϬΚϤϘβʻ
βϓοχ  ◓ψᾖל ϬⱱμοΜϘβʻ

ζχᾖ◓ᶋχϘϩϤτψʺ͎˴͔˴͏˹͍͏ᾤχ
ṟ ◓Υ ∕ΰϘβʻζχᾖ◓  ψ Ὁτ
ⱨοΜϘβʻ

θρΠωᾖ◓ ‹͍͏χϯиЬᾖ◓χ τΚϥ
ᾖ◓ᶋτψ͍͏ᾤχФжІχ ᴻχ ◓ρ
͍͐ᾤχ ◓ϬⱱμοΜϘβʻ
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Ỳ ρψˁ

011

ϯиЬϞ ϞỲσςϬΚϤϘβʻ
βϓοχ  ◓ψᾖל ϬⱱμοΜϘβʻ

χ ϤϬ ʺỲ ʺ Ẕʺᴲ ʺ ʼ
σςχ Υṟ ϬⱱμοΜϥχτⱨο

ΜϘβʻ

ζχᾖ◓ᶋχϘϩϤτψʺ͎˴͔˴͏˹͍͏ᾤχ
ṟ ◓Υ ∕ΰϘβʻζχᾖ◓  ψ Ὁτ
ⱨοΜϘβʻ

θρΠωᾖ◓ ‹͍͏χϯиЬᾖ◓χ τΚϥ
ᾖ◓ᶋτψ͍͏ᾤχФжІχ ᴻχ ◓ρ
͍͐ᾤχ ◓ϬⱱμοΜϘβʻ
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012

ᾖ◓ᶋχ Ϥτψ ṓ τϢϤṟ ◓ΥϘϩμοΜϘβʻ
χ Ϥτψ Υ χ χθϛτ ᵕμοΜϘβʻ
Ẕχԏ τϢϤ Ẕχ ϤτϜ־ ˢὮˣΥ͍ᾤᵕμοΜϘβʻ

χ ϤϬ ʺỲ ʺ Ẕʺᴲ ʺ ʼ
σςχ Υṟ ϬⱱμοΜϥχτⱨο

ΜϘβʻ

ζχᾖ◓ᶋχϘϩϤτψʺ͎˴͔˴͏˹͍͏ᾤχ
ṟ ◓Υ ∕ΰϘβʻζχᾖ◓  ψ Ὁτ
ⱨοΜϘβʻ

θρΠωᾖ◓ ‹͍͏χϯиЬᾖ◓χ τΚϥ
ᾖ◓ᶋτψ͍͏ᾤχФжІχ ᴻχ ◓ρ
͍͐ᾤχ ◓ϬⱱμοΜϘβʻ
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ᾖ◓ᶋχ Ϥτψ ṓ τϢϤṟ ◓ΥϘϩμοΜϘβʻ
χ Ϥτψ Υ χ χθϛτ ᵕμοΜϘβʻ
Ẕχԏ τϢϤ Ẕχ ϤτϜ־ ˢὮˣΥ͍ᾤᵕμοΜϘβʻ

ὮτΰΤμο ΤϣкϾАЕϬ ωβτψʺ σΨρϜʺ Ẕχ
τẄϣμοʺкϾАЕϬ 11.7 km/sec χ Ϙπᴥ βϥ
ΥΚϤϘβʻ πχ χ Φήψ 9.8 m/sec χᴥ τ ΰϘβʻ

11700/9.8 = 1194 sec ̇ ͎͌ χḧʺ͎Gχ ϬкϾАЕ χ “●ψ ΪϘβʻ



ᾖ χ ṁ „℅

014

ᾖ◓ᶋχ Ϥτψ ṓ τϢϤṟ ◓ΥϘϩμοΜϘβʻ
χ Ϥτψ Υ χ χθϛτ ᵕμοΜϘβʻ
Ẕχԏ τϢϤ Ẕχ ϤτϜ־ ˢὮˣΥ͍ᾤᵕμοΜϘβʻ

ὮτΰΤμο ΤϣкϾАЕϬ ωβτψʺ σΨρϜʺ Ẕχ
τẄϣμοʺкϾАЕϬ 11.7 km/sec χ Ϙπᴥ βϥ
ΥΚϤϘβʻ πχ χ Φήψ 9.8 m/sec χᴥ τ ΰϘβʻ

11700/9.8 = 1194 sec ̇ ͎͌ χḧʺ͎Gχ ϬкϾАЕ χ “●ψ ΪϘβʻ

͎͌ χḧʺ͎Gχ τ Ποʺ
ψαϛοʺкϾАЕψ χ֓ χ
ꜛ Ἃḧτ ό βάρΥπΦϘβʻ
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015

ϯиЬᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβʻ

͎͌ χḧʺ͎Gχ τ Ποʺ
ψαϛοʺкϾАЕψ χ֓ χ
ꜛ Ἃḧτ ό βάρΥπΦϘβʻ
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016

ϯиЬᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβʻ

ϯиЬᾖ◓τ ṓ ΥֿפΜӮτʺ ΰχ ϞֿפΜΊϵКиϻ˔πϜʺ
Ẋ ΰοʺṟ ◓ψḛ τϯиЬᾖ◓χχ ṓ Τϣ ΰϘβʻ

͎͌ χḧʺ͎Gχ τ Ποʺ
ψαϛοʺкϾАЕψ χ֓ χ
ꜛ Ἃḧτ ό βάρΥπΦϘβʻ
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017

͎͌ χḧʺ͎Gχ τ Ποʺ
ψαϛοʺкϾАЕψ χ֓ χ
ꜛ Ἃḧτ ό βάρΥπΦϘβʻ

ϯиЬᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβʻ

ϯиЬᾖ◓τ ṓ ΥֿפΜӮτʺ ΰχ ϞֿפΜΊϵКиϻ˔πϜʺ
Ẋ ΰοʺṟ ◓ψḛ τϯиЬᾖ◓χχ ṓ Τϣ ΰϘβʻ
ϯиЬᾖ◓χṟ Τϣꜛ Ἃḧτ ό ΰϘβʻ ό ΰθᾕṓσ
◓ΥϯиЬỲ χ Ϭꜛ τӱ ΰʺ ṓϬ βϥⱧΥᴦ ρ

σϤϘβʻζϦΥỲ βσϩκ ṓχ β χ ЯДиπβʻ
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018

ϯиЬᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβʻ

ϯиЬᾖ◓τ ṓ ΥֿפΜӮτʺ ΰχ ϞֿפΜΊϵКиϻ˔πϜʺ
Ẋ ΰοʺṟ ◓ψḛ τϯиЬᾖ◓χχ ṓ Τϣ ΰϘβʻ
ϯиЬᾖ◓χṟ Τϣꜛ Ἃḧτ ό ΰϘβʻ ό ΰθᾕṓσ
◓ΥϯиЬỲ χ Ϭꜛ τӱ ΰʺ ṓϬ βϥⱧΥᴦ ρ

σϤϘβʻζϦΥỲ βσϩκ ṓχ β χ ЯДиπβʻ

Al Al + Al

ϵКиϻ˔
(Ί)

(ϯиЬỲ  ᾖ◓)

(ϯиЬỲ  ᾖ◓)

(Al ᾖ◓) + (ΊϵКиϻ˔) Ą  ˁ ˁˁ  
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019

ϯиЬᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβʻ

ϯиЬᾖ◓τ ṓ ΥֿפΜӮτʺ ΰχ ϞֿפΜΊϵКиϻ˔πϜʺ
Ẋ ΰοʺṟ ◓ψḛ τϯиЬᾖ◓χχ ṓ Τϣ ΰϘβʻ
ϯиЬᾖ◓χṟ Τϣꜛ Ἃḧτ ό ΰϘβʻ ό ΰθᾕṓσ
◓ΥϯиЬỲ χ Ϭꜛ τӱ ΰʺ ṓϬ βϥⱧΥᴦ ρ

σϤϘβʻζϦΥỲ βσϩκ ṓχ β χ ЯДиπβʻ

(Al ᾖ◓) + (ΊϵКиϻ˔) Ą  Al    +  +  

Al Al +

e-

e-

Al

ϵКиϻ˔

(ϯиЬỲ  ᾖ◓)

(ϯиЬỲ  ᾖ◓)
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020

ЄзЀр ᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβΥʺʺ

(Si ᾖ◓) + (ΊϵКиϻ˔) Ą ???

Al Al +

e-

Al

ϵКиϻ˔

(ϯиЬỲ  ᾖ◓)

(ЄзЀр ᾖ◓)

Si Si Si

ϵКиϻ˔ (1.1 eV)

(Ί)

(ЄзЀр ᾖ◓)
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021

ЄзЀр ᾖ◓χ πϜʺάϦρ αάρΥ αοΜϘβΥʺʺ

(Si ᾖ◓) + (ΊϵКиϻ˔) Ą ???

e

(ЄзЀр ᾖ◓)

Si Si Si

ϵКиϻ˔ (1.1 eV)

(Ί)

(ЄзЀр ᾖ◓)

ΰΤΰʺЄзЀрᾖ◓χ ›ʺ ϵКиϻ˔Υ 1.1 eV ρ ΦΜπβʻ

SiO2 (ϹжІ) τσϥρʺ ϵКиϻ˔ψ 10 eV ρϜμρ ΦΜπβʻ

-

Silicon ᾖ◓ϞSiO2 (ϹжІ)πψṟ ◓Υᾖ◓ᶋΤϣ ό δσΜχπ
χ‟ᾅΰσΜχπʺ Υ ϣσΜ ף τσϤϘβʻ πβʻ

Al Al +

e-

Al

ϵКиϻ˔

(ϯиЬỲ  ᾖ◓)
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ФжІχ ᴻϬⱱν ◓ ЫϱЗІχ ᴻϬⱱν ◓

Ỳ ρ ף ρ χӸΜψ τᾖ◓ᶋΤϣχ ϵКиϻ˔χӸΜπΚϥ˂

ˢỲ χ ϵКиϻ˔ˣ˻ 0.3 eV

ˢ ף χ ϵКиϻ˔ˣ˼ 10 eV

ˢSi ᾖ◓χ ϵКиϻ˔ˣ˙1.1 eV

ˢGaNχ ϵКиϻ˔ˣ˙ 3.1  eV

ˢGa2O3χ ϵКиϻ˔ˣ˙ 4.3  eV

ˢGaNDiode x Υ ΊЍϱϷ˔Ж
ρΰοּזᵓχ Μτ‟ᾅΰθάρΥ
Л˔Ци χ τνσΥμθʻ

ᾖψ ᵦπΩ τGa2O3χDIODEϬ ᶘ͐ χⱲτ  CALTECH
χᴚ◖χ Prof.C.A. Meadχ◙ χϜρʺSAMPLE♯⌠ΰ ϬẐϛθΥʺ
ΣΰΨϜʺProf.C.A. MeadρρϜτʺЛ˔Ци Ϭ ΥΰθʻΰΤΰʺ
ζχῇχễӾᶨ χ῞ πẰ ϬMeadψ͎͎͎͌ τ ΰθʻ
ᾖϜ₈ᵕ Υ ϛϣϦʺGlobalHighTech Ϭ ΰθʻ

e-
e-

e-

Si+ Si+ Si+

Ỳף Si ᾖ◓
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ФжІχ ᴻϬⱱν ◓ ЫϱЗІχ ᴻϬⱱν ◓

Ỳ ρ ף ρ χӸΜψ τᾖ◓ᶋΤϣχ ϵКиϻ˔χӸΜπΚϥ˂

ˢỲ χ ϵКиϻ˔ˣ˻ 0.3 eV

ˢ ף χ ϵКиϻ˔ˣ˼ 10 eV

ˢSi ᾖ◓χ ϵКиϻ˔ˣ˙1.1 eV

ˢGaNχ ϵКиϻ˔ˣ˙ 3.1  eV

ˢGa2O3χ ϵКиϻ˔ˣ˙ 4.3  eV

ˢGaNDiode x Υ ΊЍϱϷ˔Ж
ρΰοּזᵓχ Μτ‟ᾅΰθάρΥ
Л˔Ци χ τνσΥμθʻ

ᾖψ ᵦπΩ τGa2O3χDIODEϬ ᶘ͐ χⱲτ  CALTECH
χᴚ◖χ Prof.C.A. Meadχ◙ χϜρʺSAMPLE♯⌠ΰ ϬẐϛθΥʺ
ΣΰΨϜʺProf.C.A. MeadρρϜτʺЛ˔Ци Ϭ ΥΰθʻΰΤΰʺ
ζχῇχễӾᶨ χ῞ πẰ ϬMeadψ͎͎͎͌ τ ΰθʻ
ᾖϜ₈ᵕ Υ ϛϣϦʺGlobalHighTech Ϭ ΰθʻ
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ФжІχ ᴻϬⱱν ◓ ЫϱЗІχ ᴻϬⱱν ◓
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ͥἷ πψ Hole (Si+) Υ︠ ʻ
ͣἷ πψ ◓(e-)Υ︠ ʻ
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ФжІχ ᴻϬⱱν ◓ ЫϱЗІχ ᴻϬⱱν ◓

ῲΜ֓ Ἃ χΚάΥϦʺкЫр

ῲΜ֓ χᴮοτψᴡΥΚϥιϧΞΤˁ

ḁ σϥ
Ἃχ
ᵦ

♆θκχ Ϛ

ФжІχל χ
ᵦ

Μ֓ק χΤσθτ
ΚϥЫϱЗІχל
χ χל ᵦ
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ͥͣ ›ˢЍϱϷ˔Жˣρψˁ

ͥ ͣ
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ͥͣ ›ˢЍϱϷ˔Жˣψ ֓ χ πΚϥ˂

ͥ ͣ

ͥͣ ›τϜἋ ρᾦωϦϥ ἋχἋḧΥζχ ›ẽᵦτ ∕βϥʻ
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ͥͣͥ ›ˢЕжрЅІЌ˔ˣτϜἋ ΥΚϥ˂

ͥ ͣ

ͥͣ ›τϜἋ ρᾦωϦϥ ἋχἋḧΥζχ ›ẽᵦτ ∕βϥʻ

N P

ͥ ͣ P

ͥ ͣ P

1948 BellᾆχᴬᶘּיχЕжрЅІЌ˔χ

1975 χSONYs ᾖˣ χ

Pinned 

Pinned 

Pinned 

Pinned 

Pinned 

УжрЀχк˔Фχ τ Υᾧ ήϦοΜϥρ ϭ Ϝᾧ πΦϥάρτ ΰθʻ 
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https://texal.jp/successful-development-of-perovskite-solar-cells-with-lifetimes-exceeding-30-years/
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