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Happy birthday, Yoshiaki!

On this special day, we'd like to celebrate you, a wonderful member of our IEEE CS
community whose support and contributions are what keeps us going. With our drives
Zipping away at full speed to keep up, we wish you a most happy birthday.

When compiling your program of fun things to do today, we hope you will count our
gift in that number: an article we chose from our CSDL just for you, "You make me
happy: Using an adaptive affective interface to investigate the effect of social
presence on positive emotion induction”.

DOWNLOAD 'YOU MAKE ME HAPPY' PDF

We learned in this article that our happy moments are quantifiably even happier when
experienced with friends, which is why we're sharing it with you--because that makes
us happy!

Your friends here at IEEE CS look forward to fostering technological innovation for the
benefit of humanity with you now and in the future, this year and for many years to
come. So here's to you.

Have a happy, happy birthday.

Best regards,

The IEEE Computer Society Team

COMPUTER
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1999
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Who Invented Pinned Photodiode ?

The evidence is given below by the patent application sheet
Hagiwara at Sony invented Pinned Photodiode on March 5, 1975.
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Carver Mead Awarded Kyoto Prize by Inamori Foundatwanw.caltech.edu
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https://202011282002569657330.onamaeweb.jp/AIPS_Library/Pinned_Surface_Completely_Depleted_Buried_Channel_Double_Junction_type_Solar_Cell.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/Evidence_that_Hagiwara_at_Sony_invented_Pinned_Buried_Photodiode_in_1975.pdf
https://202011282002569657330.onamaeweb.jp/AIPS_Library/P1976_128_bit_Comparator.pdf
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Highlights:

e Semiconductor band theory of silicon-based double and triple Junction type photodiodes.

e Electron/hole pair separation enhanced by surface conduction band bending in surface P+P hole

accumulation region.
e Energy spectrum density and penetration depth of Sun light into silicon crystal.

e Maximum Power Tracking Technology (MPTT) on pinned-surface double-junction photodiode
type solar cell.

e Floating-surface hole/electron recombination loss of the conventional single junction type solar cell.
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(1) Use higkenergy P+ ion implantation to fornthe lightly-doped deepburied Nregion
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(2) Use lowenergy Bion implantation to formthe lightly-doped surface Pegion

P




(3) Cover the surfaced with a thick SiO2 Oxide Protection with the CVD method.
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(4) Form P+ region on the backside wafer by thermal diffusion method.
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(5 Form windows to form N+ region on the front side wafer by thermal diffusion method.

Mask 01 SiO2 SiO2

SiO2

Si102
U
Z




(6) Form windows to form P+ region on the front side wafer by thermal diffusion method.
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N
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(7) Form metal contact windows for the surface P+ and N+ regions.
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(7) Form metal wires.
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Super High ResistivitytiPpe Silicon Substrate Wafer
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ForP-t ype silicon chip with thickne

Rs~(200am) (200hc MmMA)( 1=0 4h ;

For Area (1 cm x 1 cm ) and Thickness ( 200A m),

P-type silicon wafer has the substrate resistanceRs 4 h . ro1
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ForP-t ype silicon chip with thickn

Rs~(200am) (200hc m)mA)( 10 4h ;

For Area (1 cm x 1 cm ) and Thickness (200A m),
P-type silicon wafer has the substrate resistanceRs 4 h .

Rs = () (Thickness)/(Area) ; DP=10" cth @M, 200mOY

Use High Energy lon Implantation Methad
to form an NP single junction photodiode
with the NP junction depth X=3A m.
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to form an NP single junction photodiode
with the NP junction depth X= 3A m.
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Use High Temperature Diffusion Method to form
N+ and P+ regions for external ohmic contacts
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N p P+

ForP-t ype silicon chip with thickn
Rs~(200h@apm) / Calnd) = 4h

For Area (1 cm x 1 cm ) and Thickness (200A m),
P-type silicon wafer has the substrate resistanceRs 4 h .
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Intrinsic Silicon Substrate

: X 0 X=XJ 5
{ EG j‘/OUt+VB+VBN+VBFVout—O VB=0:} T ....... ; )

No Electric Field
for Photo Electron and Hole Pair Separations
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No Electric Field
for Photo Electron and Hole Pair Separations
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DP= Nv exp{ VBPKT) ¢ Nc exp( ( VB EG )KT) )
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No Electric Field ‘ -

VBP = (1/2)( EG (t<T) In (Nc/Nv))

DP= Nv exp{ VBPKT) ¢ Nc exp( ( VB EG )KT) )
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DP = 1%)4 c'r?h fl% - 200m0Y WN=WP+WN:

EG 2vout+ VB + VBN + VBP; / FInd the maximum Value WD, ;

kT=0.0259eV :
VBP Tin (22X) Esi=648 eff Y eV) ;
VBN Tin QNN DPP Nv=2.80 x 15 cm ;
e DNN Ne=1.04 x 10 cm ;
Ve 2*Esi*(DP+DN) DP=100> Y8 :
DN>DP :
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(1) VZ VM-NN  (XM-X2)*(XM-X2)/2/ESi=P2*X2*X2/2/ESi+A*X2+B;
(2) E2=NN*(XMX2)/Esi=P2*X2/Esi+A ar(P2*X2/ESi+A) ?7?

(3) V1=P2*X1*X 1/2/Esi+A*X1+B=P1*(XEs)*(X 1Xss)/2/Esi:

(4) E1=P1*(XXsS)/Esi=P2*X1/Esi+A qf P2*X1/Esi+A)??

(5) (XEXSS)*PL+(XX1)*P2=(XMX2)*NN:

(6) (XIX3)*P3=(X3XM)*NN:



D(X)

VM=(XJIX3)*(XIXI3)*P3/2/Esi + (XHKM)*(X3FXM)*NN/2/Esi;
(XIX3)*(X3X3) ORAM)*(X3XM) P1<0
For { NN=1000, P3=100,X3=3,VM=0.5;},
XM=X3sqrt(2*Esi*VM/NN/(1+NN/P3)) =

(XIX3)*P3=(XKM)*NNA (XjX3)=(XaXM)*NN/P3 =
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DP = 1Jo‘3 cr’h
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transferred to the adjacent
charge transfer device (CTD).
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Band Diagram of Photo Electron Fog (e-) and Hole Fog (Si+)
with
Band Bending Effects of { VBP=(kT) In(P+/P) ; VBN=(kT) In(N+/N) ;}

ic exp( ~ VBN/KT ) - Nv exp( (VBN ~ G )/kT)) V8P

VON = (1/2)(£G + (KT ) In (Ne /v ) )

VBP = (1/2)(KG = (KT ) In (Ne / Nv ) )
DP= Ny exp{ = VBP/KT ) = Ne exp{ ( VBP - £G )/kT ) )

OP Nv exp( = VBP/KT ) = Ne exp{ ( VBP - £G /kT ) )

Hole Fog (Si+)

(1) Single MN+PP+M Junction type

Metal Metal

20 % Efficiency

(2)TANDEMZ!Double MN+PP+MN+PP+M Junction Type

Metal Metal Metal

30 % Efficiency
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39 % Efficiency

(4) Bipolar Transistor £/ Double MP+PNPP+M Junction Type
Metal
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> 30% Efficiency ?
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Vout VB WD 5
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01v | 0.49v | 2.5um NV=1.04x10 em; NC=2.8x 1015cn';3;
02v| 039v | 23um VBP = (kT) In (NV/DP) = 325mV ;
03v 0.29v | 2.0um VBN = (kT) In (NC/DN) = 198 mV ;
04v 0.19v 1.6 um VB = EG - Vout - VBN - VBP ;
0.5v 0.09v 1.1lpm WD = / % ; DPN =DP*DN/(DP+DN) ;

(a) Four Masks (b) Five Masks (c) Six Masks
JPA2020131313
Mask 01 P+ Channel Stop  Mask 01 P+ Channel Stop Mask 01 P+ Channel Stop

Mask 02 N+ Diffusion RegionMask 02 N+ Diffusion RegioMask 02 N+ Diffusion Region
Mask 03 Metal Contact Mask 03 N lon Implantation Mask 03 N lon Implantation
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Mask 05 Metal Wire Mask 05 Metal Contact
Mask 06 Metal Wire
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English Translation

In a semiconductor substrate
(Nsub) the first region (P1) is
formed. Then the second region
(N) is formed upon it forming
the collector junction (Jc). Then
on the second region (N), the
emitter Junction (Je) is formed.
The photo charge is stored in
the base region (N) and then
transferred to the adjacent
charge transfer device (CTD).

This is the invention of a PNP double junction dynamic photo transistor.
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Figure 2: Reproductions from the Japanese Patent Applications of (a) the N+N-P+NP-F triple junction PPD, (b) the N+N-P+N double junction PPD,
and {c) the PNP double junction PFD.
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LetDP = 108 Y= 10 ¢ and ON = DN*WN = 500°= 5 x 18" cra

VB = EGVout-VBN-VBP ;

N+

WD =

Vout VB WD
Ov 0.59v] 28>Y
0.1v 0.49v 2.5>Y
0.2v 0.39v 2.3>Y
0.3v 0.29v]| 20>Y
0.4v 0.19v] 16>Y
05V 0.09 v 1.1>Y
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For DN = 5006 Y= 5x 10 cm

WN = QN/DN = 18 ¢m = 0>1Y:

-3 19 -3
NV = 104x10 cm NC=2.8x10 cm ;

VBP =KT) In (NV/DP) = 325 mV ;
VBN =KT) In (NC/DN) = 198 mV ;

WD = /—2 ESLVB ;. DPN =DP*DN/(DP+
DPN
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Band Diagram of Single N+NPP+ junction Solar Cell with Vout <0
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Figure 9. N+NPP-+ single and P+PNPP+ double junction solar cells in comparison.
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Figure 12. A floating-surface N+NPP+ single-junction photodiode for a solar cell application.
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Band Diagram of Photo Electron Fog (e-) and Hole Fog (Si+)
with
Band Bending Effects of { VBP=(kT) In(P+/P) ; VBN=(kT) In(N+/N) ;}
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Band Diagram of Photo Elec_t:;on Fog (e-) and Hole Fog (Si+) 7 C-Code
wit
Band Bending Eff f { VBP=(kT) In(P+/P) ; VBN=(KT) In(N+/N) ; o
ol sl i T#include <stdjo, h>
. ;‘99-& N p Vv Rs P+ #include <math.h>
=x;cﬂmnFmHCJ EEL. double EG=1.11, kT=0. 0259, Esi=648, NC=10400000, NV=28000000;
)
o e Wit Tl A double Vout, VBPP=0. 567826, VBNN=0. 542174, E, D, DDD, DPN;
vB
i . double DNP, VB, VBWD, VBWD_max ;
* /_Jl double WD, VBN, VBP, DP, DN, WD_max, VBN_max, VBP_max, l / /
=GSVeurtVEVBRVBN DP_max, DN_max, VB_max, VBP_max, VBN_max i=1:
Als P ALt isie Sie Sie Sie Sis Si+ 55:4 o Al+ . o . . '
Light e {  Hole Fog (Si+) int i, J, i_max, j_max; NEXT i:
v char c; )
(2025_06_26 VBP=i+VBPP/100;
FILE *fpBB;
S , DP=NVxexp (-VBP/KT) -NC*exp ( (VBP-EG) /KT) ;
void main(void) {
ERGRRL fpBB=fopen( "BB. txt”, “w"): DPN=DP*DN/ (DP+DN) ;
Vout=0. 3; /
EG=1.11 eV;
VBN=0; VB=EG-VBP-VBN-Vout;
kT=0. 0259 eV;
DN=NCxexp (~VBN/kT) -NVxexp ( (VBN-EG) /kT) ; WD=sqrt (2+Es i*VB/DPN) ;
Esi=648 e/(V+ um);
] E=VB/WD:
NC=10400000 e/ ( ttm)**3;
D=kT/E;
NV=28000000¢e/ ( gt m) **3; /
printf( “¥n VBP=%f DP=%f VB=EG-VBP-VBN-Vout=%f WD=%f E=VB/WD=%f D=kT/E=%f D+D+DP=%f", VBP, DP, VB, WD, E, D, DDD) ;
{ DP = Nv exp( ~ VBP/KT ) - Ne exp( (VBP-EG) /KkT)) } fprintf (fpBB, “¥n VBP=%f DP=%f VB=EG-VBP-VBN-Vout=%f WD=%f E=VB/WD=%f D=kT/E=%f DxD*DP=%f", VBP, DP, VB, WD, E, D, DDD) :
i=i+h;
{ DN = Nc exp( — VBN/KT ) — Nv exp( (VBN-EG)/kT));} £i<100) goto NEXT. i:
{ EG = Vout + VBP + VBN + VB ; } printf( “¥n™)
{ DPN = (DP«DN)/( DP + DN ); } fprintf (fpBB, “¥n");
/ /

{ WD = sqrt( 2+Esi*VB/DPN ) ; }
c=getchar ( );
if(c=="1") printf("¥n¥n Good-bye 117}

(1) if [ DP=0; }, { VBPP=(EG+kT*In(NV/NC))/2=0.567826 :}
(2) if [ DN=0; }, { VBNN=(EG+kT*In(NC/NV))/2=0.542174 ;} felose (foBB) : }

/Hppxxrcceecocerrk End of C-code /




Band Diagram of Photo Electron Fog (e-) and Hole Fog (Si+)
with
Band Bending Effects of { VBP=(kT) In(P+/P) ; VBN=(kT) In(N+/N) ;}

€2025_06_26

NG=10400000 0/ (gsm) #3
NV=280000000/ (g1 m) w3

##include <stdio.h
#include <math h
double EG=1. 11, kT=0. 0259, Esi=648. NC=10400000. NV=28000000
double Vout. VBPP=0. 567826, VBNN=0. 542174, E. D. DDD. DPN
double DNP. VB, VBND. VBND_max
double WD, VBN, VBP. DP. DN, WD_max, VBN_max. VBP_max
DP_max, DN_max, VB_max, VBP_max. VBN_max

=1

NEXT_i:
VBP=i*VBPP/100:

| DP=NVexp (-VBP/kT) -NC+exp ( (VBP-EG) /kT) :

DPN=DP+DN/ (DP+DN) ;

int i, j.i_max, j_max
10P = Nv exp( ~ VBP/KT ) - Mo exp( (VBP-EG) /kT)) :| /
[ DN = No exp( - VBN/KT ) = Nv exp( (VBN-EG) /kT)) :] cher 0
[EQ = Vout + VP + VBN + VB : | FILE +fpbB VB=EG-VBP-VBN-Vout;
[ DPN = (DPWDN) /¢ DP + ON ) | void main(void) [ { )
[ WD = sart{ 2+EsioVB/ORN ) : | fp88=fopen( “BB. txt”. “w WD=sqrt (2+Esi*VB/DPN)
Vout=0.3 E=VB/WD:
1) [ 0P=0; ), | VBPP=(EGeKTeln (NV/NC)) /240, 567826 ] V0
€2) 0 [ DNO: ), | VBNN=(EGokToIn (NC/NV)) /250, 542174 :) DNNGrexp (-VBN/KT) -WVoaxp ( (VEN-EG) /KT D=kT/E:
printf( “¥n VBP=Y%f DP=%f VB=EG-VBP-VBN-Vout=%f WD=%f E=VB/WD=%f D=kT/E=%f D*DDP=%f",VBP, DP, VB, WD, E, D, DDD) :
fprintf (fpBB, “¥n VBP=%f DP=%f VB=EG-VBP-VBN-Vout=%f WD=%f E=VB/WD=%f D=kT/E=%f D*D+DP=%f", VBP, DP, VB, WD, E, D, DDD) ;

i=i+b;
if(i<100) goto NEXT_i;

Hole Fog (Si+)

V t o 3 |t VB N 0 K A fz:::: EfuBB ::i © - VB/WD :s “A X B X 6,

out= U.s volt,, =0 vo > w0 / _

B (0) 2 K N+PP > TT X D m Tt e=getohar (- m - DF)- 130> Y?v( W

VB 0.492 volt, WD=2.2% Yp g § ' "= mmomesme D=XTE=0.1164 Yp o U
o o , Dx 24 Y DP © 8

VBP=0. 005678 DP=22487659. 056015 VB=EG-VBP-VBN-Vout=0. 804322 WD=0. 012107 E=VB/WD=66. 433130 D=kT/E=0. 000390 D+D+DP=3. 418018
VBP=0. 034070 DP=7514071. 653819 VB=EG-VBP-VBN-Vout=0. 775930 WD=0. 015183 E=VB/WD=51. 105316 D=kT/E=0. 000507 D+D+DP=1. 929935
VBP=0. 062461 DP=2510767. 024619 VB=EG-VBP-VBN-Vout=0. 747539 WD=0. 021886 E=VB/WD=34. 155317 D=kT/E=0. 000758 D*D*+DP=1. 443741
VBP=0. 090852 DP=838952. 746573 VB=EG-VBP-VBN-Vout=0. 719148 WD=0. 034649 E=VB/WD=20. 756303 D=kT/E=0. 001248 D*D+DP=1. 306408
VBP=0. 119243 DP=280329. 359148 VB=EG-VBP-VBN-Vout=0. 690757 WD=0. 057267 E=VB/WD=12. 061981 D=kT/E=0. 002147 D+D+DP=1. 292501
VBP=0. 147635 DP=93669. 816234 VB=EG-VBP-VBN-Vout=0. 662365 WD=0. 096161 E=VB/WD=6. 888094 D=kT/E=0.003760 D+D*+DP=1. 324345
VBP=0. 176026 DP=31299. 020909 VB=EG-VBP-VBN-Vout=0. 633974 WD=0. 162265 E=VB/WD=3. 907024 D=kT/E=0. 006629 D+D*+DP=1. 375429
VBP=0. 204417 DP=10458. 317836 VB=EG-VBP-VBN-Vout=0. 605583 WD=0. 274079 E=VB/WD=2. 209515 D=kT/E=0. 011722 D+D*+DP=1. 437036
VBP=0. 232809 DP=3494. 563369 VB=EG-VBP-VBN-Vout=0.577191 WD=0. 462742 E=VB/WD=1. 247329 D=kT/E=0. 020764 D+D+DP=1. 506713
VBP=0. 261200 DP=1167. 680437 VB=EG-VBP-VBN-Vout=0. 548800 WD=0. 780498 E=VB/WD=0. 703141 D=kT/E=0. 036835 D+D+DP=1. 584306
VBP=0. 289591 DP=390. 171091 VB=EG-VBP-VBN-Vout=0. 520409 WD=1. 314787 E=VB/WD=0. 395812 D=kT/E=0. 065435 D#D+DP=1. 670614

= .317983 DP=130. 372553 VB EG- VBP VBN-Vout=0, 492017 WD 2. 211579 E=VB WD 0, 222473 D kT E 0. 116418 D+DxDP=1_766971

VBP=0.374765 DP=14, 556206 VB=EG-VBP- VBN Vout 0. 435235 WD=6. 225017 E= VB/WD 0.069917 D=kT/E=0. 370439 D+*D+DP=1. 997476
VBP=0. 403156 DP=4. 363827 VB=EG-VBP-VBN-Vout=0. 406844 WD=10. 411834 E=VB/WD=0. 039075 D=kT/E=0. 662826 D*D+DP=2. 136866
VBP=0. 431548 DP=1. 625170 VB=EG-VBP-VBN-Vout=0. 378452 WD=17. 372354 E=VB/WD=0. 021785 D=kT/E=1. 188906 D*D+DP=2. 297172
VBP=0. 459939 DP=0. 542921 VB=EG-VBP-VBN-Vout=0. 350061 WD=28.907189 E=VB/WD=0.012110 D=kT/E=2. 138760 D+D+DP=2. 483481
VBP=0. 488330 DP=0. 181065 VB=EG-VBP-VBN-Vout=0. 321670 WD=47. 983319 E=VB/WD=0. 006704 D=kT/E=3. 863492 D+D+DP=2. 702679
VBP=0. 516722 DP=0. 059460 VB=EG-VBP-VBN-Vout=0.293278 WD=79. 951846 E=VB/WD=0. 003668 D=kT/E=7.060708 D+D+DP=2. 964316
VBP=0. 545113 DP=0. 016753 VB=EG-VBP-VBN-Vout=0. 264887 WD=143. 149341 E=VB/WD=0. 001850 D=kT/E=13. 996789 D+D*DP=3. 282040
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