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Impurity Atom Density          Resistivity N-type         Resistivity P-type 
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10   cm                                 ˙5 ʍŎƳ                          ˙ 10 ʍŎƳ                   
15 -3
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For P-type  silicon chip with thickness 200ѧm and Area 1 cm x 1 cm, 

For Area (1 cm x 1 cm ) and Thickness ( 200 ѧm ) ,
 P-type silicon wafer has the substrate resistance  Rṡ 4ћ.

Rs ~ (200ѧm)(200ћcm)/(10 ѧm  ) = 4ћ ;

14 -3
DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ Rs = (Ѭ) (Thickness)/(Area) ;

Thickness

Super High Resistivity P-type Silicon Wafer 

P
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Impurity Atom Density          Resistivity N-type         Resistivity P-type 
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8 2

For P-type  silicon chip with thickness 200ѧm and Area 1 cm x 1 cm, 

For Area (1 cm x 1 cm ) and Thickness ( 200 ѧm ) ,
 P-type silicon wafer has the substrate resistance  Rṡ 4ћ.

Rs ~ (200ѧm)(200ћcm)/(10 ѧm  ) = 4ћ ;

14 -3
DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ(1)Rs = (Ѭ)  (Thickness)/(Area) ;



P

Use High Energy Ion Implantation Method
to form an NP single junction photodiode
 with the NP junction depth Xj = 3 ѧm. 
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For P-type  silicon chip with thickness 200ѧm and Area 1 cm x 1 cm, 

For Area (1 cm x 1 cm ) and Thickness ( 200 ѧm ) ,
 P-type silicon wafer has the substrate resistance  Rṡ 4ћ.

Rs ~ (200ѧm)(200ћcm)/(10 ѧm  ) = 4ћ ;

14 -3
DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ(1)Rs = (Ѭ)  (Thickness)/(Area) ;
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Use High Energy Ion Implantation Method
to form an NP single junction photodiode
 with the NP junction depth Xj = 3 ѧm. 
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14 -3
DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ(1)Rs = (Ѭ)  (Thickness)/(Area) ;
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Use High Temperature Diffusion Method to form
  N+ and P+ regions for external ohmic contacts
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DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ(1)
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For P-type  silicon chip with thickness 200ѧm and Area 1 cm x 1 cm, 

Impurity Atom Density          Resistivity N-type         Resistivity P-type 
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For Area (1 cm x 1 cm ) and Thickness ( 200 ѧm ) ,
 P-type silicon wafer has the substrate resistance  Rṡ 4ћ.

Rs = (Ѭ)  (Thickness)/(Area) ;

Rs ~ (200ћcm) (200ѧm)/(10 ѧm  ) = 4ћ ;

14 -3
DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ(1)
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DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ
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(1)

(2)

VB= DP*DN*WD2(4)
2*Esi*(DP+DN)

VBP = kT ln (        )  DPP
DP

VBN = kT ln (        )  DNN
DN

(3)

WD
X j X2X10 XwXn

kT=0.0259eV ;
Esi=648 e/(˃ Ƴʾ eV) ;
DPP ̇ Nv = 2.80 x 10  cm  ;
DNṄ Nc = 1.04 x 10  cm  ;
DP=100 ˃ Ƴ   ;
DN>DP ;
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Find the maximum Value WD ;
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DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ
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kT=0.0259eV ;
Esi=648 e/(˃ Ƴʾ eV) ;
DPP ̇ Nv = 2.80 x 10  cm  ;
DNṄ Nc = 1.04 x 10  cm  ;
DP=100 ˃ Ƴ   ;
DN>DP ;

-3

Find the maximum Value WD ;
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14 -3
DP = 10   cm    for           ˙ 200 ʍŎƳ ;                   pѬ

EG = Vout + VB + VBN + VBP;
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kT=0.0259eV ;
Esi=648 e/(˃ Ƴʾ eV) ;
DPP ̇ Nv = 2.80 x 10  cm  ;
DNṄ Nc = 1.04 x 10  cm  ;
DP=100 ˃ Ƴ   ;
DN>DP ;

-3
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WṖ WḊ 2.2 ˃ Ƴ ;

0 Xp

P+

WD

P

X4 X3

WN WN WP

WN=WP+WN;
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IntrinsicSilicon Substrate

P+ P+N+

P

N+

No Electric Field     



P+

Metal

P+ P+

Load

Psub

SiO2SiO2

N+

N N



P+

Metal

Load

Psub

SiO2SiO2

N N

P+ P+P+P+
N+



P+

P+ P+

P

Intrinsic Siliconor SiO2

N

N+P P

N

SiO2 SiO2

Load



P+

P
P

P+

D(X)

X͌ XssX1
X2 XM X3

XJ X4 XS

-P1<0

NN>0

-P2<0

-P1<0

-P3<0

(1) V2˹ VM-NN̎ (XM-X2)*(XM-X2)/2/Esi=P2*X2*X2/2/Esi+A*X2+B;
(2) E2=NN*(XM-X2)/Esi=P2*X2/Esi+A or ς(P2*X2/Esi+A) ??
(3) V1=P2*X1*X1/2/Esi+A*X1+B=P1*(X1-Xss)*(X1-Xss)/2/Esi:
(4) E1=P1*(X1-Xss)/Esi=P2*X1/Esi+A or ς( P2*X1/Esi+A)??
(5) (X1-Xss)*P1+(X2-X1)*P2=(XM-X2)*NN;
(6) (XJ-X3)*P3=(X3-XM)*NN;

N



N

P

P+

D(X)

X
XM X3

XJ X4 XS

NN>0

-P1<0

-P3<0

VM=(XJ-X3)*(XJ-X3)*P3/2/Esi + (X3-XM)*(X3-XM)*NN/2/Esi;

For { NN=1000, P3=100,X3=3,VM=0.5;}, 

XM=X3-sqrt(2*Esi*VM/NN/(1+NN/P3)) = 

(XJ-X3)*P3=(X3-XM)*NN Ą (Xj-X3)=(X3-XM)*NN/P3 =                ;

͌



ͺΔ

SiO2

ͺΔLoad

P˴N+ P

WA



ͺΔ

ͺΔ

SiO2

ͺΔLoad

P˴

N+

P˴ PP N



ͺΔͺΔSiO2

ͺΔLoad

N+ P˴P

DN+ = 10   cm
18 -3

DP    = 10   cm
15 -3

DP+   = 10   cm

XJ˹ 1 ˃ Ƴ ;

19 -3

XS˹ нлл˃ƳΤ





Mask 01 P+ Channel Stop
Mask 02 N+ Diffusion Region 
Mask 03 Metal Contact 
Mask 04 Metal Wire 

(a) Four Masks (b) Five Masks (c) Six Masks
Mask 01 P+ Channel Stop
Mask 02 N+ Diffusion Region
Mask 03 N Ion Implantation
Mask 04 Metal Contact 
Mask 05 Metal Wire 

Mask 01 P+ Channel Stop
Mask 02 N+ Diffusion Region
Mask 03 N Ion Implantation
Mask 04  P+P Ion Implantaion
Mask 05 Metal Contact 
Mask 06 Metal Wire 
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P
+

P
+

P
+

PolySi

N+ N+

Photo
Resist

Photo
Resist

P sub

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

P
+

P
+

CTD

N+

Photo
Resist

P sub

CCD Storage Gate

N

P
+

1971 Ⱳʺ Intel ּזψ ΰΜϱϷр κ₅ϙ Ϭ⅜ ΰο
‰ σꜛᾪ ›ἷMOSЕжрЅІЌχ τ ῞ΰẍ ΰϘΰθʻ



Sony P+PNPP+ N+P Double Junction Photodiode
                      with no serious image lag problem
           applied  in 1971 Interline Transfer  CCD Image Sensor
            

P
+

N+

CTD

N+

P

CCD Storage Gate

N

P
+

N
P
+

P+

N sub

Sony JPA1976-134065 (JP1977-58414 ) 
      by Yoshiaki Hagiwara, filed on Nov 10, 1975
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3Ὧχ ḻρϜτʺPhotodiodeχ ΥΰμΤϤρỲ ◓π ӊᾧ Ср ϛήϦοΜϥⱧϬ ꜘΰοΜϘβʻ



Light

N P P+

Vout

0 v

0.1 v

0.2 v

0.3 v

0.4 v

0.5 v

VB

0.59 v

0.49 v

0.39 v

0.29 v

0.09 v

0.19 v

- Vout< 0

e-

SiO2

WD

2.8 ˃ Ƴ

2.5 ˃ Ƴ

2.3 ˃ Ƴ

2.0 ˃ Ƴ

1.1 ˃ Ƴ

1.6 ˃ Ƴ

N+

WD

Let DP = 100 ˃Ƴ  = 10  cm   and  QN = DN*WN = 500 ˃Ƴ   = 5 x 10   cm    ;
-3 -314 -2 -214

VBP = (kT) ln (NV/DP) =   325 mV ;

NV = 1.04 x 10  cm  ; 
-319

NC = 2. 8 x 10  cm  ; 
-319

VB = EG - Vout - VBN - VBP ;

VBN = (kT) ln (NC/DN) =  198 mV ;

WD =                          ;  DPN =DP*DN/(DP+DN) ;` 

For DN = 5000 ˃Ƴ   =  5 x 10  cm,
     
 WN = QN/DN = 10  cm = 0. 1 ˃Ƴ ;

-3-3 15

-5

2 Esi VB
DPN



https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf

https://pdf.elspublishing.com/paper/journal/open/ESP/2025/esp20250003.pdf






͚=VB/WD=ˢἋ χ ᵦχ ỡ ˣ

ṁ DP˹ 130 ˃ Ƴ  χⱲ
D=kT/E = 0.1164 ˃ Ƴ ρσϥʻ
Dχ2 ΥDPτ ˁˁ

-3Vout = 0.3 volt , VBN= 0 volt χ ›
βσϩκN+PP˴ ›πχὓ▄ π
VB˹ 0.492 volt , WD= 2.21 ˃Ƴ ρσϥʻ
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