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Fairchild Dec 3, 1973

@The first Vertical Overflow Drain (VOD) Patent on

CCD/MOS type image sensor by James M. Early at
Fairchild, USA on USP3896485 filed on Dec 3, 1973.

@The first PNP junction type Buried Photodiode

Paten filed on June 9, 1975 by Philips, Netherland.
Japanese Patent Application JPA1976-65707

(Patent No. 7596795, filed on June 9, 1975, Netherland)
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@The first PNP junction type Pinned Buried Photodiode
Patents, on (a) JPA1975-127646 and (b) JPA1975-127647

Nov 10, 1975. all of them by Yoshiaki Hagiwara at Sony. ,n4 reported at the SSDM1978
Conference in Tokyo, Sept 1978

’ Global and Electric Shutter Patents VOD Patent b
by Yoshiaki Hagiwara at Sony.
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Figure 16 The relative photon power of the sun light and the light penetration depth (LPD) of the silicon(Si) and the
germanium (Ge) crystals are shown as functions of the photon wave length A in um. The energy band gap (Eg) of

the silicon crystal is 1.1 eV. The infrared -light photons with the wave length more than A = 1.24 / Eg = 1.11 um will
not be converted into the electron energy in the silicon crystal. Besides, short-wave blue light photons cannot pass thru
into the silicon crystal surface more than 0.1 ~0.2 um in depth. They all will be wasted as heat. However, the surface
P-+P doping variation scheme invented by Hagiwara in 1975 can create the surface conduction -band bending, enhancing
photo electron and hole separations at the silicon surface and results in the high quantum efficiency(QE) for solar cells.

Circuit Model of P+P-N-P-P+ Double Junction type Solar Cell Light Penetration Depth (LPD)
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with an empty potential of a strong electric field, Short-wave blue-light cannot penetrate more
the photo el very than 0.1 zzm in depth at the silicon crystal surface.
| | By the surface P+P- conduction band bending,
s1 N1 photo electron and hole pairs can be separated, B:":t
contributing for the high quantum efficiency (QE). g

Otherwise, the pairs are recombined and wasted . potential Energy(x) h+ EV(X)
Note that the photodiodes are forward biased and there are also the diode forward
currents IPD1 and IPD2 which degrade the effective quantum efficiency (QE).

1/V equation of a general PN junction diode:

In la (V) = (AD/NL) mi?{ exp(~ V/KT) -1} ; ni?= NcNv exp(- Ec/KT) ;
— IPD1= (A1) exp( - Ec/kT ){ exp( (VP1 - VN1)/kT) -1}
Vout<0

IPD2= (A2) exp( - Ec/kT ){ exp( (VP2 -VN2)/kT) -1}

In order to achieve the desired high quantum Efficiency (QE), the P+P
surface resistance, RP1 and RP2, must be minimized. The silicon chip
thickness is desired to be less than 20 u m. The outlet resistance RN+
region must also be minimized too. Since the completely depleted N-
buried region with a very strong electric field helps separating the
photo electron and hole pairs, directing them swiftly to the small outlet
Is2 «— “— In2 N+ region, resulting in very small values of RN1 and RN2 resistance .
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