
 

 

 



Fossum_insulted_Sony_and_Hagiwara_in_his_2014_paper 

  

On Oct 23, 1975, Hagiwara at Sony filed a patent application on N+NPNP triple junction type dynamic photo 

thyristor structures with the CCDMOS capacitor type global shutter buffer memory, which is applicable both for 

Interline Transfer (ILT)CCD image sensors and the modern CMOS type image sensors in which a vertical overflow 

drain (VOD)structure was disclosed, among several structures. The top p layer was connected by metal to a bias 

used to control full-well capacity and the n-type completely buried base layer was proposed for carrier storage with 

the complete charge transfer capability and with the no image lag feature.  

 

In a subsequent review paper, Hagiwara, in 1996, revisited the 1975 invention and explained it was essentially the 

invention of both the virtual phase CCD with the built-in narrow-channel type directionality and the no image lag 

feature, which became the basis of the Sony so-called “Hole Accumulation Diode,” or HAD structure. The 1975 

applications JPA1975-127646, JPA1975-127647 and JPA1975-134985 in the figures explained the complete charge 

transfer, lag or anti-blooming properties and the actual PNP junction type pinned photodiode device was developed 

and reported in his SSDM1977 conference paper and his SSDM1978 conference paper.  Hagiwara explained that 

the built-in potential step and the directionality of charge transfer was created by the unique narrow-channel effect 

and realized complete charge transfer aspects of the virtual-phase CCD. Hagiwara explained also in a 2001 paper 

and shows a VOD structure that is found in the 1975 patent application JPA1975-134985.  

 

Sony focused in developing the mass production and the yield enhancement technology for a long time and finally 

Ishikawa’s team at Sony commercialized in 1987 the PNPN triple junction dynamic thyristor type Pinned 

Photodiode with the in-pixel vertical overflow drain (VOD) structure with anti-blooming function, the no image 

lag feature and the electric shutter function capability. Sony named the perfected structure as Hole Accumulation 

Diode (HAD) structure.  



The “narrow-gate” CCD with an open p-type pinned surface region was reported in more detail by Hagiwara team 

at Sony in 1978, which showed the improved QE as proposed and explained by Hagiwara in the 1975 applications.  

A similar structure was used extensively by Philips in 1983. The PPD invented by Hagiwara at Sony in 1975 has 

improved QE, as it is most commonly used today, now has the potential application for the future solar cell. 

  

 

This paper draft is based on my talk at Sony Kumamoto Tech Center on Sept 20, 2022. 

Hagiwara_at_Sony_Kumamoto_Tech_Slides_2022_09_20.pdf(Japanese) 

Hagiwara_at_Sony_Kumamoto_Tech_2022_09_20_MP4_Video_in_English 

Hagiwara_at_Sony_Kumamoto_Tech_2022_09_20_MP4_Video_in_English_Part_Two 
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IJSSM2021 e-Journal Paper on Pinned Photodiode.html 

ICECET2021_Paper61.html       

ICECET2021_Paper75.html 

 P2020_EDTM2020_PaperID_3C4_by_Hagiwara_4_pages.pdf 

P2019_3DIC2019_Paper_on_3D_Pinned_Photodiode_6_pages.pdf

      

Hagiwara now proposing a new kind of the muti-junction type Solar Cell. See JPA2020-131313. 

 

The 1975 applications JPA1975-127646, JPA1975-127647 and JPA1975-134985 in the figures explained complete 

charge transfer, lag or anti-blooming properties and the actual PNP junction type pinned photodiode device was 

developed and reported in his SSDM1977 conference paper and his SSDM1978 conference paper.  Hagiwara 

explained that the built-in potential step and the directionality of charge transfer was created by the unique narrow-

channel effect and realized complete charge transfer aspects of the virtual-phase CCD. Hagiwara explained also in 

a 2001 paper and shows a VOD structure that is found in the 1975 patent application JPA1975-134985.  

 

                              

              

    

    

        

                  

      

    

  

     
     

  

       

   

   

   

   

   
   

   
   

   
   

   
   

   

   

   

      

  

  

     

                                                                            

     

     

  
  
 
 
 
  
 
 
 
  
  
 
 

                    
                  

                        

   

  

  

    

  

  

                                    
                                        
                                          

                   
                   
                    

   

   
   

   
   

 
  

    

  

   

                   

  

     

                                 
                                                   

     

     

                                                                      

                                     
                         

                                     

https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=245&doi=10.11648/j.ijssam.20210602.13
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Sony focused in developing the mass production and the yield enhancement technology for a long time and finally 

Ishikawa’s team at Sony commercialized in 1987 the PNPN triple junction dynamic thyristor type Pinned 

Photodiode with the in-pixel vertical overflow drain (VOD) structure with anti-blooming function, the no image 

lag feature and the electric shutter function capability. Sony named the perfected structure as Hole Accumulation 

Diode (HAD) structure.  

 

Hagiwara team at Sony in 1977 introduced the concept of Electronic Shutter. 

 

                       

                             

                             

             
  

  

  

   

                                                                                                    



The world’s first double junction type Buried Photodiode:   

Philips invented the first double junction type Buried Photodiode on June 9, 1975. The evidence is given in the 

Netherland Patent Application (NPA7506795) applied by Philips for use in the interline transfer CCD image 

sensor. In Fig. 2 of the NPA7506795, a dashed potential profile (12) is drawn to show an empty potential well of 

complete charge transfer. And no image lag feature was expected. However, as shown in Fig. 2, the surface (P) 

region is connected to the (P) high resistivity substrate (16) by a resistive region (15).  Evidently the surface (P) 

region (13) may have a large RC delay time constant, introducing a serious image lag problem. Since the surface 

(P) region is not completely pinned and being floating with RC delay, the structure cannot be Pinned Photodiode.    

  

The world’s first double junction type Pinned Photodiode with antiblooming and electronic shutter functions.   

On October 23, 1975 Yoshiaki Hagiwara at Sony invented the double junction and triple junction type Pinned 

Photodiodes. (See Fig. 7 of JPA1975-127646 and JPA1975-127647). Seen in Fig.7, the surface is pinned by an 

external metal contact with zero RC delay time. This is the ideal Pinned Photodiode which has the potential 

application of the high frequency electric shutter function capability with zero RC delay time and the no image lag 

feature. Moreover, the structure also has the in-pixel CCDMOS capacitor type buffer memory needed as for the 

modern CMOS image sensor applications in order to suppress the rotary shutter effect that the conventional 

classical MOS image sensors suffered for a long time. The first Pinned Photodiode was invented in order to realize 

the high frequency global shutter function capability in this way.  

 

On November 10, 1975, Hagiwara at Sony also invented, (JPA1975-134985,) the PNP double junction type Pinned 

Photodiode with the in-pixel vertical overflow drain (VOD) structure with anti-blooming capability. In JPA1977-

126885, Hagiwara at Sony also proposed the electronic shutter clocking scheme on CCDMOS capacitor type image 

sensor structure with the no image lag feature and the complete charge transfer capability. 



The world’s first frame transfer type CCD image sensor, using the double junction type Pinned Photodiode:   

Hagiwara at Sony developed, and reported at the SSDM1977 conference in Tokyo, the first PNP junction type 

Pinned Photodiode in the analog delay line with the complete charge transfer capability, the no image lag feature 

and with the built-in potential step and the directionality for the complete signal charge transfer created by the 

unique narrow-channel charge-transfer gate structure. Hagiwara team at Sony also developed, and reported at the 

SSDM1978 conference in Tokyo, the frame transfer type CCD area image sensor using the PNP junction type 

Pinned Photodiode with the very low dark current, the complete charge transfer capability and the no image lag 

feature. The surface hole accumulation region is pinned by the adjacent heavily doped channel stops which is 

formed by the high energy ion implantation and the lamp anneal technology invented by Kazuo Nishiyama at Sony. 

Sony never used the LOCOS isolation nor the shallow trench isolation technology in the area image sensor 

productions because the LOCOS isolation and the shallow trench isolation technology invited the extra thermal 

stress and the undesired crystal damage, degrading chip yield.  

  

 

The world’s first interline transfer type CCD image sensor.   

Hagiwara’s team at Sony developed in 1980 and reported in Japanese conference the interline transfer (ILT) type 

CCD image sensor, using a thin polysilicon (SIPOS) gate type MOS photo capacitor photo sensor structure with 

the lateral overflow drain (OFD) for the anti-blooming and the electronic shutter function capability.  

 

Teranishi’s team at NEC developed and reported at the IEDM1982 conference the interline transfer (ILT) type 

CCD image sensor, using the PNP double junction type Buried Photodiode. The details of the image lag data were 

reported. No LOCOS isolation technology nor Shallow Trench isolation technology were reported.   

   

KODAK developed and reported at the IEDM1984 conference the interline transfer (ILT) type CCD image sensor, 

using the PNP double junction type Pinned Photodiode. KODAK emphasized the importance of the pinned surface 

in order to achieve the complete image lag free feature. LOCOS isolation technology was used. 

 

Ishikawa’s team at Sony developed and reported at the SPIE1989 conference the inter transfer type CCD image 

sensor, using the PNPN triple junction type Pinned Photodiode with the anti-blooming and the electric shutter 

function capability. The pinned surface is the very important necessary condition to achieve the complete charge 

transfer capability, the no image lag feature and also the high frequency electric shutter function in order to achieve 

the completely mechanical-part-free solid state image sensors.  



The lost invention of the Pinned Photodiode: 

Sony applied three basic patents JPA1975-127646, JPA1975-127647 and JPA1975-134985 on Pinned Photodiode 

in Japanese Patent Office. However, Sony did not apply to any USP and other oversea patent offices. The invention 

was completely forgotten by the rest of the world until June 26, 2020 when Sony finally disclosed officially the 

Hagiwara 1975 patent applications and quoted Hagiwara 1978 effort of developing the first PNP junction type 

Pinned Photodiode.  

 

 

https://www.sony.com/en/SonyInfo/News/notice/20200626/ 

Pinned Photodiode Adopted for Back-Illuminated CMOS Image Sensors 

The history of Sony's inventions of image sensors goes back to the CCD era. Above all, Pinned Photodiode is a technology 

that contributes to improving the performance of back-illuminated CMOS image sensors, and the history of inventions and 

product development are as below. 

In 1975, Sony invented a CCD image sensor that adopted a back-illuminated N+NP+N junction type and an N+NP+NP 

junction type Pinned Photodiode (PPD) (Japanese patent application number 1975-127646, 1975-127647 Yoshiaki 

Hagiwara). In the same year, inspired by such structure, Sony invented a PNP junction type PPD with VOD (vertical 

overflow drain) function (Japanese Patent No. 1215101 Yoshiaki Hagiwara). After that, Sony succeeded in making a 

principle prototype of a frame transfer CCD image sensor that adopted the PNP junction type PPD technology, having a 

high-impurity-concentration P+ channel stop region formed near a light receiving section by ion implantation technology 

for the first time in the world, and its technical paper was presented at the academic conference, SSDM 1978 (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)). In 1980, Sony succeeded in making a camera integrated VTR which 

incorporated a one-chip frame transfer CCD image sensor that adopted the PNP junction type PPD. President Iwama in 

Tokyo, Chairperson Morita in New York, at the time held a press conference respectively on the same day, which surprised 

the world. In 1987, Sony succeeded in developing a 8 mm video camcorder that adopted, for the first time in the world, 

the interline transfer CCD image sensor, which incorporated "PPD having a high-impurity-concentration P+ channel stop 

region formed near the light receiving section by ion implantation technology" with VOD function, and became the pioneer 

of the video camera market. The PPD technology that has been nurtured through such a long history is still used in back-

illuminated CMOS image sensors.        

       

https://www.sony.com/en/SonyInfo/News/notice/20200626/


https://www.shmj.or.jp/english/pdf/dis/exhibi1005E.pdf 

 

  

NEC in 1982 and Kodak in 1984 developed Pinned Photodiode but they did not invent it. 

Semiconductor History Museum of Japan says that Hagiwara invented Pinned Photodiode. 

https://www.shmj.or.jp/english/pdf/dis/exhibi1005E.pdf


 

 

Hagiwara reported the first PNP junction type Pinned Photodiode in the SSDM1977 and SSDM1978 conferences 

in Tokyo which were sponsored by Japan Applied Physics Society. But the journal of Japan Applied Physics Society 

circulation was quite limited. Albert Theuwissen quoted finally in his IEDM conference paper on “Hole Role” 

Hagiwara 1978 SSDM1978 paper.   

  

  



https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode 

  

    

 

https://electronics.stackexchange.com/questions/83018/difference-between-buried-photodiode-and-pinned-photodiode


 

 

 

 



 


