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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

GODO KAISHA IP BRIDGE 1,
Plaintiff,
V.

C.A. No. 16-290 (MN)

OMNIVISION TECHNOLOGIES, INC.

N N N N N N N N N

Defendant.

DECLARATION OF SAMUEL E. JOYNER

I, Samuel E. Joyner, make this declaration in support of IP Bridge’s Opening Claim
Construction Brief and certify as follows:

L. My name is Samuel E. Joyner. I am more than twenty-one years old, of sound mind,
and fully capable of making this declaration. I am a graduate of the U.S. Military Academy at West
Point, New York. Before attending law school, I served in the U.S. Army as an Airborne Infantry
Ranger. I was honorably discharged from active duty service as a Captain. [ have never been convicted
of a felony or misdemeanor involving moral turpitude. I was conferred the degree of Doctor of
Jurisprudence from The University of Tulsa College of Law in 2002, and I received my license from
the State Bar of Texas in November 2002. I am a partner at the law firm of Shore Chan DePumpo
LLP in Dallas, Texas, and counsel of record for plaintiff Godo Kaisha IP Bridge 1 in an action styled
Godo Kaisha IP Bridge 1 v. Omni Vision Technologies, Inc., No. 1:16-cv-00290-MN-SRF, in the
United States District Court for the District of Delaware. I have personal knowledge of the facts set
forth in this declaration and am competent to testify thereto.

2. A true and correct copy of each document identified in Exhibit A (attached hereto) is

included in the Appendix in Support of IP Bridge’s Opening Claim Construction Brief.
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I declare under penalty of perjury pursuant to 28 U.S.C. § 1746 the foregoing is true and

correct to the best of my knowledge. Executed on September 14, 2018.

Samuel E. Joyner
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Exhibit A
Description App.
US Patent No. 8,084,796 B2 to Mori, et al. App. 0001-0021
April 6, 2011 Amendment in *796 patent file history App. 0022-0029
September 11, 2011 Notice of Allowability in *796 patent file history App. 0030-0032
US Patent No. 8,106,431 B2 to Mori, et al. App. 0033-0053
December 15,2010 Amendment in ’431 patent file history App. 0054-0063
May 12, 2010 Amendment in *431 patent file history App. 0064-0073
September 30, 2011 Notice of Allowability in *431 patent file history App. 0074-0076
US Patent No. 8,378,401 B2 to Mori, et al. App. 0077-0099
August 27, 2012 Amendment in *401 patent file history App. 0100-0112
November 14, 2012 Notice of Allowability in *401 patent file history App. 0113-0115
US Patent No. 7,436,010 B2 to Mori, et al. App. 0116-0137
May 8, 2006 Amendment in 010 patent file history App. 0138-0156
October 24, 2006 Amendment in 010 patent file history App. 0157-0174
March 29, 2007 Amendment in 010 patent file history App. 0175-0187
September 24, 2007 Amendment in 010 patent file history App. 0188-0201
March 21, 2008 Amendment in *010 patent file history App. 0202-0212
US Patent No. 6,160,281 to Guidash App. 0213-0227
US Patent No. 6,310,366 B1 to Rhodes, et al. App. 0228-0243
US Patent No. 6,794,677 to Tamaki, et al. App. 0244-0264
January 22, 2004 Amendment in *677 patent file history App. 0265-0269
US Patent No. 6,709,950 B2 to Segawa, et al. App. 0270-0308
January 15, 2003 Amendment in *950 patent file history App. 0309-0326
October 24, 2003 Amendment in *950 patent file history App. 0327-0338
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November 6, 2003 Notice of Allowability in *950 patent file history App. 0339-0340
US Patent No. 6,538,324 B1 to Tagami, et al. App. 0341-0371
January 28, 2002 Amendment in *324 patent file history App. 0372-0378
June 11, 2002 Response/Remarks in 324 patent file history App. 0379-0382
August 9, 2002 Amendment in ’324 patent file history App. 0383-0390
September 10, 2002 Notice of Allowability in *324 patent file history App. 0391-0393
IEEE Standard Dictionary of Electrical and Electronics Terms, 1988 App. 0394-0409
McGraw-Hill Dictionary of Electrical and Computer Engineering, 2004 App. 0410-0423
Declaration of Samuel E. Joyner App. 0424-0427
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HIGH-DENSITY SOLID-STATE IMAGE SENSORS

Timothy J.

Tredwell '

Research Laboratories
Eastman Kodak Company
Rochester, NY 14650

Abstract

The most highly developed of solid-state sensors
are visible image sensors, Visible image sensor arrays
with more than a million picture elements and with
noise levels in the tens of electrons have been devel-
oped. In this paper the architectures of image sensors
are reviewed, and the key issues are discussed. As an
example of the present status of sensor technology,
results on a 360,000-pixel charge-coupled image sensor
are presented.

Sengor Architectures

The first visible image sensor array was reported
in 1967 [1]. However, the development of present-day
sensors occurred after the discovery of the charge-
coupled device (CCD) in 1970 [2]. The first appli-
cations for solid-state sensors were in military and
commercial systems. Most of these sensoxs were linear
arrays. More recently, area arrays have been developed
for consumex applications. Owing to the continuing
development of process technology for silicon inte-
grated circuits, the cost of solid-state imagers is
rapidly becoming competitive with the electron-beam-
scanned camera tubes such as the saticon. Sensor
arrays with 180,000 pixels are in production, and
arrays with 360,000 pixels are in advanced develop-
ment. The advances in silicon VLSI technology that
made large-area arrays feasible have also made possible
linear arrays with up to 5732 elements (3,4], high-
sensitivity time-delay-and-integrate (TDI) scanners
[S]1, very high-frame-rate imaging arrays for high-speed
video photography {6], and very high-resolution arrays
for astronomy [7].

An image sensor consists of photosensitive ele-
ments that convert the incoming light to charge and
readout structures that transfer the charge to the
output. Three major classes of photosensitive elements
are in wide-spread use: the photodiode, the photocap-
acitor, and the photoconductor. The structure and
band diagrams for these photosensitive elements are
illustrated in Fig. 1. The photodiode consists of a
p-n junction. Usually the implantation for the
photodiode is tailored to yield a high electric field
from the surface to aid in collection of photoelec-
trons generated near the surface, giving a high blue
sensitivity. Owing to the low capacitance of the
diode structure, the charge storage capacity of the
photodiode is usually small. For image sensor array
applications, the diode is usually fabricated in a p-
well to reduce crosstalk and blooming. A variant on

the photodiode is the p -n-p photodiode 8], in which

a heavily doped p+ layer is placed near the surface
and the n-type layer is lightly doped and is fully

depleted during operation. The p+n front junction
results in a factor of 5 or more charge capacity,
as compared to the normal photodiode, as well as
reduced image lag.

The photocapacitor consists of a thin polysilicon
gate above an oxide. Owing to the high optical absorp-
tion of the polysilicon, the quantum efficiency is
lower than in the photodiode, particularly in the
blue. The photocapacitor is used most widely in the
form of a frame-transfer CCD or the CID, although

84-CH2033-9/000-0034 34
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photocapactor arrays have been used for very high-
speed applications [6]. Owing to the high capacitance
of the MOS structure, the photocapacitor has the
highest charge of all the photosensitive elements.

Recently, there has been great excitement over
the development of photoconductive £ilms such as
hydrogenated amorphous silicon (@-Si:H) [9]. These
films, deposited on top of an interline or X-y-ad-
dressed diode array, result in a vertical integration
of sensors. The @-Si:H photoconductors consist of a
back contact (such as aluminum) that contacts the
diode in the underlying array, an @-Si:H layer~1lum
thick, and a transparent top electrode. The photo-
conductor is biased to complete depletion. Photo-
generated carriers are swept out of the photoconductor
and stored in the underlying diode. The photoconductor
offers high quantum efficiency, very high area utiliza-
tion, and internal antiblooming.

The major classes of readout architectures for
image sensors are the frame-transfer CCD [10,12], the
interline-transfer CCD [13-16], and various X-Y-ad-
dressed MOS photodiode arrays [6,9,17-20] (Fig. 2).
The frame-transfer CCD consists of an illuminated
imaging area with vertical registers to integrate and
transfer the charge, a storage register to store the
charge during readout, and a horizontal transfer
register. For television applications both the image
and storage areas store one field (242 lines for NTSC
television). Vertical interlacing is accomplished by
integrating under different electrodes during the two
fields, accomplishing a half-pixel shift in the rela-
tive position of the pixel. Frame-transfer CCD's have
been constructed with two and three levels of poly-~
silicon as well as with one level of polysilicon in
virtual-phase CCD's [10]. Since the entire pixel area
is photosensitive, the quantum efficiency is very
high. However, absorption of blue light in the poly-
silicon electrodes reduces the blue efficiency. At
the end of each field, the integrated charge must be
transferred from the image to the storage register.
This transfer, which typically requires almost a
millisecond, results in some vertical image smearing
owing to the very low capacitance of the CCD output
(<40 £F); the CCD has very low noise and hence very
good low-light-level performance. Output noise values
of <50 rms electrons at video rates have been reported.

The interline CCD imager consists of vertical CCD
registers used for charge transfer and photodiodes for
light sensing and charge storage. Foxr NTSC television
there would be 484 diodes vertically and 242 stages of
the CCD shift register. At the end of one field the
charge from the top diode in each stage is transferred
onto the vertical CCD register, while in the other
field the charge from the bottom diode is transferred.
The vertical registers are optically shielded with
aluminum. Owing to the separation of light-sensing
and charge-~transferx functions, the photodiode typically
occupies only 25-40% of the cell area. This results
in a lower overall guantum efficiency as compared to
the frame-transfer CCD. However, use of photoconduc-
tive layers overlying the sensor could greatly reduce
this disadvantage.

The unit cell of MOS X-Y-addressed imagers con-
sists of a photodiode (or photocapacitor), a transfer
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gate, and a diffusion contacted by a metal signal
line. The transfer gates are addressed by a vertical
scan generator, usually a dynamic shift register,
which addresses each row sequentially. Horizontal
charge readout may be accomplished with horizontal
signal lines connected to the vertical signal lines by
FET switches controlled by a horizontal scanner.

Other X-y-addressed arrays utilize a CCD for horizon-
tal readout. Owing to the use of a metal signal line
instead of a CCD for vertical transfer, the MOS array
has a larger fraction of each pixel devoted to the
photodiode, resulting in highex quantum efficiency.
The MOS array is also simpler to manufacture. However,
the sensitivity of the MOS imager at low light levels
is severely constrained by the KTC and the pattern
noise of the high-capacitance horizontal and vertical
signal lines. Although the use of a horizontal CCD
reduces the horizontal readout noise, the KTC noise
of the vertical signal lines results in a factor of 10
higher noise than the interline CCD readout.

A 360,000-Pixel Solid-State Image Sensor

Sensor Design

As an example of the performance of present solid-
state sensors, a 360,000-pixel charge-coupled image
sensor will be described [11l]. The sensor is used for
imaging color photographic negatives on television,
which places some unique demands on a solid-state
sensor. These include wide dynamic range, low pattern
noise, high resolution, and excellent color reproduc-
tion.

The sensor architecture is shown in Fig. 3a. The
sensor consists of a four-phase CCD image area, dual
two-phase horizontal registers, and separate output
amplifiers for each of the three colors. During the
vertical retrace interval the photographic negative is
illuminated. The vertical clocks are held constant to
integrate the signal charge. At the end of the
vertical retrace interval the signal is read out. A
row at a time is transferred into the horizontal
registers. The charge from columns with green color
filters is transferred to the top register, while the
charge from the alternate columns with red and blue
color filters is transferxrred to the bottom register.
The dual horizontal register design was required to
achieve the 12-um horizontal column spacing without a
third level of polysilicon., The horizontal registers
are read out at a 7.15 MHz pixel rate. The charge is
sensed by floating diffusion outputs and buffered by
dual-stage buried-channel source followers.  The use
of dual-stage source followerd allowed optimization of
the first stage for low input capacitance and the
second stage for high drive current. The use of the
buried-channel FET design reduced low-frequency (1/f)
noise.

A photomicrograph of the image sensor is shown in
Fig. 3b. The image area is 8.8 mm (H) x 6.6 mm (V).
A schematic of the pixel is shown in Fig. 3c. The
channel-stop region is 2 um wide, and the buried
channel is 10 um wide. The gate oxide under both the
first and second polysilicon electrodes was 1600 A
thick, to maximize optical transmissiog in the blue.
The polysilicon layers were both 1700 A thick.
Source~drain regions were formed by shallow arsenic
implantation to minimize short-channel effects in the
output structure.

Spectral Response

In a color image sensor in which the photosensi-
tive area is fully covered by polysilicon, careful
choice of the polysilicon thickness is required to
achieve adequate transmission in the blue' while

35

maintaining sufficiently low resistance to transfer
charge vertically. Figure 4a shows the optical absorp-
tion coefficient of polysilicon as a function of
wavelength. Figure 4b shows the measured spectral
response of the sensor along with the response calcu-
lated from the known layer thicknesses and the optical
constants. At wavelengths below 500 nm the response
is dominated by optical absorption in the polysilicon
electrodes. Between 500 and 800 nm the response is
dominated by structure due to optical interference
within the polysilicon and the gate oxide. Beyond

800 nm the light is absorbed well below the silicon
surface, and the spectral response decreases, owing

to recombination of the photogenerated electrons.

Organic color filter arrays are fabricated on top
of the sensor in an R-G-B-G stripe geometry. The
color filter arrays are processed by sequential coat-
ing, patterning, and dyeing of special photoresists
developed for this application. Owing to the narrow
(2 yum) light-shield width, extreme resolution and
sharpness requirements are placed on the resist mate-~
rials. The dyes for this color filter array were
specifically designed for imaging photographic nega-
tives.

Charge Capacity

Because of the large density range of photo-
graphic negatives, a wide dynamic range is required in
the sensor. There are two limitations to charge
capacity in a buried-channel CCD: (1) the interaction
between electrons and interface states at the Si—sio2

surface and (2) the potential difference between well
and barrier electrodes. Figure 5a illustrates the
first limitation. The electrostatic potential and the
electron density are shown as a function of depth for
three different quantities of charge in the channel.

As more electrons are added to the channel, the barrier
to the surface decreases and the electron concentra-
tion at the surface increases. Electrons can be
captured at interface states when electrons come in
contact with the surface.

Owing to the narrow channel width, two-dimensional
effects significantly reduce charge capacity. Figure
5b shows the electrostatic potential and electron
distribution in two dimensions calculated by finite-
difference technigues. The electron distribution is
shown at the transition between buried- and surface-

12

channel operation (g = 300 mv) for a 1 x 10

2 cn ~ Ps
cm © bBuried-channel dose. The electrons occupy only

12

the center 4 um of the 10-um channel. For a 2 x 10

cm-z buried-channel dose with a significantly larger
barrier between channel and surface, the electrons
occupy the center 7 um of the 10-um channel. The
barrier between the electrons in the channel calcu-
lated as a function of the electron density is shown
in Pig. 5¢ for two buried-channel doses using one- and
two-dimensional models. Figure 6 shows the experimen-
tally measured differential charge-transfer ineffi-
ciency for the image area as a function of the number
of electrons per pixel for the two buried-channel

12 cm2 dose yields a capacity of

2 2
100,000 electrons per pixel, and the 2 x 101 cm dose

800,000 electrons, in good agreement with the two-
dimensional model.

doses. The 1 x 10

Noise

The nojise sources in this sensor include pattern
and shot noise from dark current, output amplifier
noise, and photosensitivity pattern noise due to the
sensor and the color filter array.
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The dark current in better sensors at room temp- [9] T. Tsukada et al., "Solid-state color imager
erature was 5 nA/cm2 or 1600 electrons per pixel. using an 0-Si:H photoconductive film," 1981
Measurements of the dark current in test structures IEDM Tech. Digest, pp. 479-482.
adjacent to the sensor as a function of gate voltage
showed that surface generation accounted for 2.5 {10] J. Hynecek, "Virtual phase technology: A new

2 approach to fabrication of large-area
nA/cm”, generation in the buried-channel implanted CCD's," IEEE Trans. Electron Devices, vol.
region for 1 nA/cmz, generation in the unimplanted ED-78, pp. 483-489, May 198l.
portion of the depletion layer for 0.5 nA/cmz, and [11} T. H. ILee et al., "A 360,000-pixel coloxr
diffusion current for 0.1 nA/cmz. Comparison of test image sensor for imaging'photographic nega-
structures with and without channel stops indicated tives, 1983 IEDM Tech. Digest, pp. 492-494.
that the channel stops contributed an additional

2 [12] L. Jastrzebski, P. Lavine, W. Fisher, and
1 nA/cm” to the overall dark current. Subsequent anal- A. Cope, "Cosmetic defects in CCD imagers,"
ysis by transmission e}ectron microscopy revealed J. Electrochem. Soc., p. 885, Rpril 1981.
dislocation loops 100 A in diameter in the implanted
region of the channel and precipitates 50 A in diam- [13] A. Furukawa et al., “An interline-transfer
eter in the channel-stop regions. CCD for a single-sensor 2/3" color camera,"
. 1980 IEDM Tech. Digest, pp. 346-348.

The largest random noise source is the output
amplifier at 200 rms electrons per pixel in a 3.5=MHz [14] Y. Ishihara et al., "Interline CCD sensor
bandwidth, The output amplifiers are two-stage buried- with an antiblooming structure," 1982
channel source followers with sensitivity of 2 uv/ 1SSCC Digest, pp. 168-169.
electron. Owing to the use of buried-channel transis-
tors in the source follower and to double correlated {15] S. Miyatake et al., "A CCD imager with 580 x
sampling in the signal processing, the output ampli- 475 clock-line isolated photodiodes," 1983
fier noise is almost entirely a result of thermal ISSCC Digest, p. 262.
noise in these transistors.

{16] E. Oda et al., "A CCD image sensor with

In Fig. 7 the signal and the noise from various 768 x 490 pixels,” 1983 ISSCC Digest,
sources are plotted as a function of the density of pp. 264-265.
the photographic negative. The largest noise source
is the output amplifier noise at 200 rms electrons per {17] D. M. Brown et al., "Row readout and ad-
pixel. The dynamic range of the sensor is 70 dB. vances in CID imaging," 1280 ISSCC Digest,
This exceeds the dynamic range required for imaging pp. 28-29,
photographic negatives.

118] S. Ohba et al., "MOS imaging with random
References noise suppression," 1984 ISSCC Digest,
pp. 26=27.
[l] P. Weimer et al., "A self-scanned solid-
state image sensor," IEEE Proc., vol. 55, [19] M. Aoki et al., "2/3 Format MOS single-chip
pp. 1591-1602, 1967. color imager," IEEE Trans. Electron Devices,
vol. ED-29, pp. 745-750, RApril 1982.

[2] G. F. Emelio, M. F. Tompsett, and G. E.

Smith, "Experimental verification of the 120] S. Terakawa et al., "A new organization area

charge-coupled-device concept,” Bell System
Tech. J., vol. 49, pp. 593, April 1970.

[3] T. Yamada, H. Goto, A. Shudo, and N. Suzuki,
np 3648-element CCD linear image sensor,
1982 IEDM Tech. Digest, p. 320.

[4] N. Kadekoki et al., "A 5732-element 1.2"
linear CCD imager," 1984 ISSCC Tech. Digest,
p. 36.

[5] M. Farrier and R. Dyck, "A large area TD
image sensor for low light level imaging,"
IEEE Trans. Electron Devices, vol. ED-27,
pp. 1688-1693, August 1980.

{61 T. Lee et al., "A novel solid-state image
sensor for image recording at 2,000 frames
per second," 1981 IEDM Tech. Digest, pp-
475-478.
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sec 800 x 800 virtual phase CCD imager for
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and K. Arai, "No-image-lag photodiode struc-
ture in the interline CCD image sensor,"
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image sensor with CCD readout through charge
priming transfer," IEEE Electron Device
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PHOTODIODE PHOTOCAPACITOR PHOTOCONDUCTOR

R R I

Fig. 1 Cross-sections and band diagrams of photosensitive elements: (a) photo-

diode, (b) photocapacitor, (c) photoconductor
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Fig. 2 Architectures of major sensor designs: (a) frame-transfer CCD, (b) interline-

transfetr CCD, (c) MOS diode array
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Fig. 3. (a) Design of image sensor.
Sensor has 740 columns horizontally with
R-G-B-G stripe color filter pattern.
Vertical registers are four-phase
C.C.D.'s; horizontal registers are two-
phase.

(b) Photograph of sensor chip.
Image area is 8.8 mm (H) x 6.6 mm (V).

(c) Design of image area.
Width of column is 12 gm, including 2 pm
channel stops.
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Fig. 4. (a) Absorption coefficient of
polysilicon phosphorus doped at various
concentrations.

(b) Measured and calculated
spectral response of sensor.
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(c) Potential barrier between
buried channel and surface as a function
of electron concentration for two buried-
channel doses. Results of one-~ and two-
dimensional models are shown.
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for two buried-channel doses. 70 dB.
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rooked. 2. determined;
talent.
nake numb. 2. to make

n. a coloriess, flamma-
‘'om coal tar: used in
lvent.

", vt 1, to dispose of
. to hand down.

s act of bequeathing. 2.

-rating. to scold; re-

mber of any of a group
the group of languages

d or -reft, -reav-ing. 1.
esp. by death, 2. to de-
—be-reave/ment, n.

less cap.
disease caused by a de-
to paralysis and emacia-

, n. apart of the N Pa-
a.
»nnecting the Bering Sea

in W Callfornia. 102,724.
7. a synthetic radloactive
7.

1 of Genmany. 3,121,000
2m zone (West Berlin)
rlin).

. a group of British Is-
10. —Ber-muw/dan, Bere

with a pl. v.) shorts ex-
n, the capital of Switzer-
wah, 1845-1923, French
«, -ried, -ry-ing. —n. 1.
y frult, as the strawbery.
wheat. —v./. 3. to gather
like/, adj.
adj. violentiy or destruc-
1 frenzied warrior = ber-

» sleeping space, as on a

ace allotted for a ship to *

1 position. —v.t. 4. to al-
e into a berth, —Idlom.
1 keep a careful distance

varieties of which are val-
beryllium.
a hard, light metallic el-
alloys to reduce fatigue.
t. no.: &.
i, -sought or -seeched,
sk eagerly (for). -—ber
«ly, adv.
teting. 1. to attack on all

or at the side of; near. 2.
\; beside the point. 4. Bt-
5. beside onesalf, frantic;
e prepositional meanings

BESIOES Is preferred, esp.

; furthenmore. 2. In' addi-
rep. 4. in addition to. 5.
e besides me. —Usage.

ged, -siegring. 1. to lay
. 3. to importune, as with

smear.
to soil; sully.
»m, esp. one of brush or

i, -soteting. 1. to stupefy

43

besought to bibliography

" with drink. 2. to make stupld or foollsh, esp. with Infat-
uation.

“be-gought (bl s8t), v. a pt. and pp. of BeseecH,
be-spatiter (bl spat/ar), v.L. to spalter.

‘be-speak (bl spek/), v.t., -spoke, -spasken or -spoke,
wk-lng._ 1. to reserve beforehand. 2. to show; indl-

_best (best), ag)., superi. of good with better as com-
par. 1, of the highest quality or standing. 2. most ad-
vantageous or sultable. 3. largest: the best part of a

- day. —adv., superl, of well with better as compar. 4.
most excellently. 5. in or to the highest degree. —n. 6.
someone or something that Is best, 7. salutations: Give
them my best. —v.L, 8. to get the better of; beat or sur-
-pass. —JIdiom. 9. at best, even under the most fa-

N vorable circumstances. 10. get the best of, a. to gain

... the advantage over. b. to defeat; subdue. 11. make

1 the best of. to cope with; accept.

Bes-tial (bes’choal, bés’-), ad). 1. of or having the form
.of a beast. 2, brutal or inhuman. —bes/tlhality

- (-ch€ alfi 1&), n. —bes/tial-ly, adv.

) *ar’y (-ché er/€), n., pl. -ar-les. a collection of

' moralizing tales about real and mythical animals.

<m§ir (bl stiir), v.t, -stirred, -stirring. to rouse to

n.
: "best’”.man, n. the chief attendant of the bridegroom
at a wedding.
-be-stow (bl st5/), v.. lo present as a gift; conler.
—be-stow’ai, n.
be-stride (bi strid”), v.t, -strode or -strid, -strid-den
_-or -strid, -strid-ing. 1. to get or be astride of. 2. to
step over with fong strides.
best’sell’er, n. a product, as a baok, that among
- those of Its class sells very well at a given time,
—best’-sell/ing, ad). .
bet (bet), v., bet or bet-ted, betsting, 7. —v.t. 1. to
-pledge (money, etc,) as a forfeit if one's forecast of a
. luture event is wrong, 2. to maintain as in a bet. —v./.
3. to make a bet. —n. 4. a pledge made in belting. 9.
- a thing pledged. 6. something bet on. 7. a person or
- thing considered a good choice.
<. .besta (baste; esp. Brit. be’-), n., pl. -tas. the second
letter of the Gireek alphabet (B, B).
be-take (bi tak/), wt, -took, -tak-sn, -tak-ing. to
. cause (oneself) to go.
be’ta par‘ticle, n. an electron or positron emitted
from an atomic nucleus during radioactive decay.
ray’/, n. a stream of beta particles.
bestel (bet/i), n. an East Indian, pepper plant.
el nut/, n. the seed of a palm, chewed In many
tropical reglons together with slaked lime and betel
.- leaves as a stimulant. .
_bdte noire (bil’ nwir’/, bet)), n., pl. bdtes noires
(b3t/ nwérz/, bel’). a person or thing intensely disliked
. ordreaded, [< F]
bo-think (bi thingk”), w.t, -thought, -thinksing. to
- cause {oneself) to consider or recollect.
Beth:le-hem (beth/ii henv, -} am), n. a town In the
West Bank, near Jerusalem: birthplace of Jesus.
bo|-°tlda (bi tid”), w.t., v.l., -tidved, -tid{ing. to happen

e

(to).
be-times (bl timz), adv. early; in good timé,

" be-to-ken (bl t5/ken), v.t. 1.to give evidence of; indi-

. cate. 2, to portend.

‘bestray (bi trd), v.t. 1. to deliver or expose to an en-
.emy by treachery, 2. to be unfaithful or disloyal to. 3.
-to reveal (something meant to be hidden). 4. to seduce

--and desert, —be-tray/al, n. —be-tray’er, n.
bestroth (bl traitv, -troth”), v.t. to promise lo give in
marriage. —be-troth/al, 2.
bestrothed”, aq/. 1. engaged to be married. —n. 2.

- the person to whom one is betrothed.
bet-ter (betsar), adl., compar. of good with best as
‘superi, 1. of superior quality or excellence. 2. of supe-
tior suitability; preferable. 3. larger; greater. 4. im-
proved in health. —adv., compar. of well with bast as
superl. S. in a more excellent manner. 6. more com-
pletely. 7. more: /ives better than a mile away. —v.t. 8.
to make better; improve. 9. to surpass or exceed. —i.
10, hing that Is preferable. 11, Usu., -ters. those
superior to onesell. —JIdiom. 12. get the better of,
to prevall against.

bet’ter-ment, n. the act of bettering; improvement.

bet’tor or bet’ter, n. a person who bets.

be-tween (bi twen”), prep. 1. In the space separating.

2, intermediateto in time, quantity, or degree. 3. link-
Ing; connecting. 4. by the common partlcipation of: Be-
tween us, we can finish the job. 8. distinguishing one
from the other In comparison. 6. existing confidentially
for: We'll keep this between ourselves. —adv. 7. in the
intervening space or time, —Usage. BETWEEN YOU AND
1, though occaslonally heard in the speech of educated
persons, is not the commonly accepted form. Since the
pronouns are objects of the preposition BETWEEN, the
usual form Is between you and me. See also AMONG.
bo-twixt’ (-twikst”), prep., adv. 1. between, —Idiom.
2. betwixt and between, in a middle position.
beveel (bev’al), n., v., -eled, -eling or (esp. |Brit)
-elled, -elsling. —n. 1. the inclination or angle that one
line or surface makes with another when not at|right
angles. 2. an adjustable tool for laying out or measur-
Ing angles. —v.t. 3. to cut at a bevel. —v./. 4. to slant;
incline.
bev’el gear/, n. a gear meshing with a simlar| gear
set at right angles.
bev-sr-age (bev’er {J), n. any drinkable liquid,| esp.
other than water. [ < AF, = bevre lo drink (< L bibere)

+ -age]

BevZerly Hills” (bev’or 1€), n. a city in SW Califormnia,
surrounded by the clty of Los Angeles. 32,367.

bevey (bev/e), n., pl. Hes. 1. a group of birds,
quail. 2. a large group or collection.

bo-w.nil (bl wal), v.t. lo express deep sorrow for; la-
ment.

be:ware (bl war), v.t, v.. to be wary, cautlous, or
careful (o).

be-wigged (bi wigd”), aqj. wearing a wig.

be-wil-der (bl wil’dar), v.t. to conluse or puzzle
pletety. ~—~be-wil’der-ment, n.

esp.

com-

" beswitch (bl wich/), v.t. 1. to affect by witchcraft or

magic. 2. to charm; fascinate. —bewitch’ing.ly} adv.
—be-witch/ment, 2.
bey (b3), n., pl. beys. (formerly) a title of respect for
Turkish dignitaries. .
be-yond (bé ond/), prep. 1. on, at, or to the farther
side of. 2. more distant than. 3. oulside the limits or
reach of. —adv. 4. farther on or away.
bez-el (bez’al), n. 1. the dlagonal face at the end of
the blade of a chisel or the like. 2. the part of|a cut
gem above the setting, 3. a grooved rim holding a
gem or watch crystal in its setting.
bf or b.f., boldface.

Bho-pal (b5 pil), n. a clty in central India. 672,000,

Bhu-tan (bSS tén’), n. a kingdom In the Himalayas, NE
of Indla. 1,400,000, —Bhu-tan-ese (b55t/n €z/,]-89/),
n., pl. -ese, adj.

Bi, Chem. Symbol. bilsmuth,

bi-, a combining form meaning: twice (blannual); two
(bllateral). —Usage. Most words referring to periods
of time and prefixed by si- can be ambiguous. Sirce Bi-
can be taken to mean either “twice each” or every
two,” a word like biweekly can be understood as [‘twice
each week" or “every two weeks.” Conlfusion is|often
avolded by using the prefix Semi- meaning “twice ieach”
or by using the appropriate phrases: twice a week’
every two months.

bi-an-nu-al (bi an/y35 al), ad). occurring twice a
semiannual. —bi-an/nu-ally, adv.

bisas (bi’es), n., adv., v., bi-ased, bi-as.ing or| (esp.
Brit.) bi-assed, bi.as.sing. —n. 1. a diagonal line un-
ning across a woven fabric, 2. a particular tendency or
inclination; prejudice. —adv. 3. in a dlagonal manner.
~—v.L. 4. to cause partiality in; prejudice.

bi-athsJon (bi ath’ion), n. a sports contest combining
cross-country skilng with rifle shooting.
bib (bib). . 1. a shleld of cloth, paper, etc., tied under
the chin to protect the clothing during a meal. 2. the
upper front part of an apron, overalls, or the like.

Bib., 1. Bible. 2. biblical.

Bisble (bi’bal), n. 1. the sacred writings of the Christian
religion, comprising the Old and New Testaments, 2.
the sacred writings of the Jewish religion; Old [Testa-

ment. 3. (/.c.) a reference work esteemed (or its useful-
ness and authority. [< OF < ML < Gk biblion|book,
papyrus roll, der. of byblos papyrus, after Byblos, |Phoe-
niclan port known for export of papyrus] —Bibsli-cal,
bib-li-cal (bibli kel), ad).

biblio-, a combining form meaning book (bibliophile).

bib-li-og-ra-phy (bib/Ig og’ro f€), nn., pl. -phies, a list
of writings complied upon some common principle, as

Yyear;

App. 0438

IPB1-OMNI 00008711



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 45 of 149 PagelD #: 2297

App. 0439



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 46 of 149 PagelD #: 2298

App. 0440



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 47 of 149 PagelD #: 2299

App. 0441



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 48 of 149 PagelD #: 2300

US005942774A

United States Patent (9 (11] Patent Number: 5,942,774
Isogai et al. (451 Date of Patent: Aug. 24,1999
[54] PHOTOELECTRIC CONVERSION ELEMENT 5,309,013  5/1994 Suzuki et al. ... ... 257/446
AND PHOTOELECTRIC CONVERSION 5,404,039  4/1995 Watanabe ..... . 257/230
APPARATUS 5,471,515 11/1995 Fossum et al. .. 377/60
5,563,429 10/1996 Isogai ........... . 257/258
. : . : 5,604,364  2/1997 Ohmi et al. ...... e 257/201
[75] lnventors: Tadao Isogai, Yokohama; Atsushi g
Kamashita, Kawasaki; Satoshi Suzuki, 5,625,210  4/1997 Lee et al. .occvvvevirvvcnvvvnnnnes 257/292
Yokohama, all of Japan FOREIGN PATENT DOCUMENTS
[73] Assignee: Nikon Corporation, Tokyo, Japan 5-235317  9/1993  Japan .
5-275670 10/1993  Japan .
[21]  Appl. No.: 08/606,995 Primary Examiner—John Guay
. Attorney, Agent, or Firm—Foley & L.ardner
[22] Filed: Feb. 26, 1996
[57] ABSTRACT
[30] Foreign Application Priority Data
b 005 06003 A photoelectric conversion element includes a photoelectric
Feb. 24,1995 [IP]  Japan 7-060034 conversion portion for generating and storing a charge
Feb. 21,1996 [JP]  Japan 8-033833 ; o . B ; X
according to incident light, an amplifying portion having a
[51] Imt.CLS .. woo.. HO1L 27/146 control region for generating a signal output according to the
[52] US.CL ..o, 257/292; 257/257; 257/258; charge received in the control region from the photoelectric
257/435; 257/445; 257/446; 257/448 conversion portion, a transfer control portion for transferring
[58] Field of Search ... 257/292, 256, the charge generated and stored in the photoclectric conver-
2571257, 258, 272, 435, 443, 446, 445, sion portion to the control region of the amplifying portion,
448, 461; 358/482 a reset-purpose charge draining region for draining the
charge transferred to the control region of the amplifying
[56] References Cited portion, and a reset-purpose control region for controlling
. - i the reset-purpose charge draining region. A reset operation
U.S. PATENT DOCUMENTS can be performed without operating the amplifying portion.
4942474 7/1990 Akimoto et al. ..... 358/213.11 Also, a photoelectric conversion apparatus having high
4:949j152 8/1990 Asano et al. ..... 257/294 sensitivity and low dissipation power can be obtained.
5,043,783  8/1991 Matsumoto et al. . .. 357/30
5,172,249 12/1992 Hashimoto ... 358/482 9 Claims, 14 Drawing Sheets
Y1 <—| 5q
gl 2 S g
: : - ‘ 17 -
s S ]
16a 5~ M
N7 7 7
o Z = 7
X1 16 X2
) )
N Ja
|1
1
iz I Z1n
vzl
20
160~ 5
e ?
YR = Y F. G
B 13 T 15 —1
X1 . N . X2
2 4 10

IPB1-OMNI 00008720

App. 0442



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 49 of 149 PagelD #: 2301

U.S. Patent Aug. 24,1999 Sheet 1 of 14 5,942,774

Fig. 1B (20
160~ o ' -
17y 6\ 7 (
N N R L P_. [N
. N
18— N]Z) 1
X1 —— N . X2
2 4 — 10
Fig. 1C /20

. + P + P +
— 13 1,
y— N N L
18- / 12

IPB1-OMNI 00008721
App. 0443



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 50 of 149 PagelD #: 2302

U.S. Patent

Fig, 2A

Fig, 2B

Fig., 2C

Aug. 24,1999 Sheet 2 of 14 5,942,774
Yl 5
LN RTS

e

(20
160, s
17y :‘Q[ZAA 10 ¥
— N+ - N+ |—h\ 12 ~ N+ —
13 p
S e =
X1 - X2
2 4 —~_10
20
o 16 ( . EZO
Sa a 150 /3 12 S0+
s WY = (O
)_N* M ‘ ’ =
5 P
L — L
Y1 18 13b 18 N Y2’14
2 1 10

App. 0444

IPB1-OMNI 00008722



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 51 of 149 PagelD #: 2303

U.S. Patent

Fig. 3A

Fig, 3C

Aug. 24, 1999

Sheet 3 of 14

5,942,774

N
—~_14
+ X2

App. 0445

IPB1-OMNI 00008723



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 52 of 149 PagelD #: 2304

U.S. Patent Aug. 24,1999 Sheet 4 of 14 5,942,774

,/
17 ~= 7 T —~—13a
127 / \ ~_-13b

14
_ N / Nl . J
1 2

IPB1-OMNI 00008724
App. 0446



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 53 of 149 PagelD #: 2305

U.S. Patent Aug. 24,1999 Sheet 5 of 14 5,942,774
Fig.
~40
HORIZONTAL SCANNING CIRCUIT
38a
4004 | é 1 40b~ OH2 40(:/—@5/ oHs 38 NS Vos
g 1~ O
FLw| | 39 {:ff’go
i 74
oRi TTslw_ Trlim THlsrz_ —,;CI-,E THsl§_ THD3 vop
1 |
-Oo—H T 1 C i T |
437 o ETRHD —Cst FCot 1Cs2 faCo2 FqCs3 yCos
e T T T T T T G?ID
\C rHa 1 |
:E Tst'9 To,d Ts2' To2 Tss'E o3,
42F\420 l L] l L| l |:I
SCANNING
~ S AN .
CIRCUIT 32 32b 32
cu \\ Y g v Y ¢
J33a _EL
¢T&\
000~
®RD1
33b
m&
50b - e
®RD2 AN
33 ]
e\ el
m@\ ‘/
50c~ IUNIT PIXEL
ORD3 .
)
34 &

IPB1-OMNI 00008725

App. 0447



5,942,774

Sheet 6 of 14

Aug. 24, 1999

Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 54 of 149 PagelD #: 2306
U.S. Patent

(RN e

IPB1-OMNI 00008726

App. 0448




Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 55 of 149 PagelD #: 2307

U.S. Patent Aug. 24,1999 Sheet 7 of 14 5,942,774

Fig., TA

F]g.?C 50\

\EL i
17 (16

NI—,-LNH—

—/1313

IPB1-OMNI 00008727
App. 0449



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 56 of 149 PagelD #: 2308

U.S. Patent Aug. 24,1999 Sheet 8 of 14 5,942,774
Fig. 8
40
HORIZONTAL SCANNING CIRCUIT
: 38
400 |4 4004y, 40°7 05 6Hs 38 [\{O Vos
=" L 380
FLw| | 39 E;
—t— &
s Tusif  Tros Thsz) _’;;'7[ Ths3| THDJE Vaop
i |
O__'_E.I [ | 'L 1
43 Tere ETRHD Cst FaCo FaCsa f7Co2 FHCss FqC0s
T T T T T I 0
41
15 f41O}E H: ' o
o Ts1 Tm%,— Tsp' 5 Tm%[— Ts3' 9 Tos,
42 424 T !
e
CIRCUIT ™ Y320 yNam yVsec
<] 33a “ ZE\_r l::
— —|=
VrD
—0
~ 30
™31
e - : TIUNIT PIXEL
RVI RV2
O— ] |
34 RV IL] IL' ﬂ\l)Rv
3 44q 44 44
ore 3/ } l @Il Vs
—0

App. 0450

IPB1-OMNI 00008728



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 57 of 149 PagelD #: 2309

5,942,774

Sheet 9 of 14

Aug. 24, 1999

U.S. Patent

nln-unll
e = =] ——
For ="
=
[}
Q
<C
o
[
—_
2 N [N
Y - -} |- ==
RO Ep!

IPB1-OMNI 00008729

App. 0451



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 58 of 149 PagelD #: 2310

U.S. Patent Aug. 24,1999 Sheet 10 of 14 5,942,774
Fig., 10A 1 50
N
7 e a0
17~ 50—~ > o 7 V/;
/ ..... / ’
X1 _| /A i 16 — = Z_‘,jz
A /
T D RT R RR //‘
1601/ )

a L
.
\Z 1
. 50 50
Fig. 10B [ [ =
160~ \ 4
5¢g
TR
52 4 10
. 50 50
Fig. 10C b (20 =

— 1 N T8 ~T4 N Sl
Y1 Y2
22 1 0

IPB1-OMNI 00008730
App. 0452



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 59 of 149 PagelD #: 2311

U.S. Patent Aug. 24,1999 Sheet 11 of 14 5,942,774
Fig, 11
40
HORIZONTAL SCANNING CIRCUIT
38a
400 4 400~ | 4 4OCPC\H5/ 6u3 38 {:J Vos
L7
FLHo ~39 ) 4590
i e
o Tust| Twoty |Thsz| - Ths3| THp3 Voo
[ [ “4H—C “H—L
437 1ol 1T ero Cs1 alor 1Cs2 F1Coz FCs3s FqCos
T T T |T T i
41\\0_[41O| rJ W | oD
S = T 1 |:
o1 T s1 Toyd Ts2 To2y = Ts3 To3,
42JC \420 ] Ll I L| l l:I
SCANNIG
CIRCUIT v[320 vllsm vNec
52a ZE\_r‘_H—:l‘_ ZE_r—_H:'L
T
QSR& HE Tr T
350+ = = | - ﬁ\,/)RD
b6 Y Y ¥ 36
52b é_rinl‘_ é_r—_"EL
WA _Il—[— _Ir!' T
Bso~ | 2 :
602 Y 131(3
soe | Bt | B | el
@R?B\ - - !
I H HE 31b
m\ SUNIT PIXEL
354 CT?an‘_ TR}VIJ—
dRrv H \</)RV
51a

IPB1-OMNI 00008731
App. 0453



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 60 of 149 PagelD #: 2312

U.S. Patent Aug. 24,1999 Sheet 12 of 14 5,942,774

t3s
Cbadt tw

{27

tas
tr | taatog

Stiehte

B

mtw t1s

t11 STORAGE TIME

2
t1o
5

o o
e & g g
© © h= ©

el

Fig.

IPB1-OMNI 00008732
App. 0454



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 61 of 149 PagelD #: 2313

U.S. Patent Aug. 24,1999

Sheet 13 of 14 5,942,774

on
| &
wn
F
on
(@2 N on
-+~ 4~
I - {
5 \ on
Nnio - [@N] O
4 >, |
(@]

Fig,.
g. 13C . _ 20
1
3 5
= — ( 5g5 G
) N+: — : i N*:
=5
Y1 R /S N K /\YEML
21 53 21 i 21 1

IPB1-OMNI 00008733
App. 0455



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 62 of 149 PagelD #: 2314

U.S. Patent Aug. 24,1999 Sheet 14 of 14 5,942,774
Fig. 14A 1= 2 4
7L aul//n
-
X1

Fig. 14B (20

18 ~— 13 —~_11
Xi N X2
2 4 ~_-10
Fig, 14C 50 20 50 20
2 - 16% 5a \ Ezzzzﬁz
a
3
WSS S mhl.l
N+ P N4 P +
— 13 l1—\J; P T
— N PNogg =1
Y1 18/ N N Y2
2 1 ~_10

IPB1-OMNI 00008734
App. 0456



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 63 of 149 PagelD #: 2315

5,942,774

1

PHOTOELECTRIC CONVERSION ELEMENT
AND PHOTOELECTRIC CONVERSION
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to photoelectric conversion
elements and photoelectric conversion apparatus, and more
particularly to photoelectric conversion elements that can
perform a resct operation without operating an amplifying
portion, and photoelectric conversion apparatus that can
perform a high-speed reset operation.

2. Related Background Art

The conventional photoelectric conversion elements of an
amplification type utilizing transistors, proposed in order to
enhance the sensitivity of photoelectric conversion appara-
tus (including solid state image sensing devices etc.),
include MOS type (normally, depletion MOS type) devices,
bipolar type devices, and junction field effect transistor
(JFET) type devices. In these photoelectric conversion
elements, when light impinges on a MOS diode (of the MOS
type) or on a pn junction diode (of the bipolar type or the
JFET type), which is a part of constituent elements forming
a photoclectric conversion clement, the incident light is
photoelectrically converted into a charge according thereto,
the charge is stored, a signal according to the stored charge
is amplified (in current amplification or in charge
amplification), and then the amplified signal is output.

Among the above photoelectric conversion elements
some pholoelectric conversion elements are arranged (o
perform all operations including the photoelectric conver-
sion operation, amplification operation, and initialization
operation with a single transistor (which means that a
photoelectric conversion element is composed of a single
transistor). The photoelectric conversion elements of this
type have two significant problems. Here, the initialization
operation means an operation for setting the potential of a
control region of the transistor to a certain reference value or
an operation to completely deplete the control region. The
control region of the transistor is a region for controlling the
current, for example, which is a gate diffusion region in the
JEET or a base diffusion region in the bipolar transistor.

The first problem is an increase of noise in the photo-
electric conversion portion. For example, in the case of the
MOS type device, photoelectric conversion is normally
provided by a MOS diode with a gate electrode of polysili-
con. In this case, since the silicon surface side is depleted at

that point, it is directly affected by a great dark current

appearing on the surface, resulting in increasing the noise. It
also had the problem of a low utilization factor (quantum
efficiency) of light because polysilicon has low transmit-
tance of light.

The bipolar typc and JFET type devices cffecting photo-
electric conversion by the pn junction diode are also affected
by the dark current. This is because an ideal diode structure
such as a buried photodiode suitably employed in a CCD
image pickup element or the like cannot be realized because
of the restriction that a part of the constituent elements of the
transistor is utilized (which means that, in the case of the
bipolar type and JFET type devices, a depletion layer
occurring from the pn junction portion reaches the surface).
Therefore, the noise becomes great because of the dark
currenl.

Normally, these pn junction diodes perform such reset
operation as to recombine the charge generated and stored,
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by transient and considerably deep forward bias drive by
capacitive coupling. However, this reset method will cause
the problem of occurrence of reset noise and after-image
(lag).

A further problem is that when the charge generated and
stored was reset and when blooming (bleeding) suppressing
operation was carried out, the transistor also operated (or
became “on”), and a large current flowed in the transistor
itself constituting the photoelectric conversion element,
which greatly changed the bias point (operating point) of the
transistor transiently to change the amplification factor. For
example, when a photoelectric conversion apparatus is com-
posed of a lot of such photoelectric conversion elements
arrayed, there occur variations in outputs from the photo-
electric conversion ¢lements, causing problems of the low-
ering the performance of apparatus (for example, S/N ratios)
and increasing dissipation power because of the many
arrayed elements.

The second problem is that the sensitivity is limited. To
begin with, the above various (MOS type, bipolar type, and
JEET type) transistors (photoelectric conversion elements)
utilize a potential change caused when the charge generated
by photoelectric conversion is stored in the control region in
a floating state, in order to effect current amplification or
charge amplification. Namely, they obtain an amplified
output by utilizing a change of the surface potential of
silicon under the gate electrode, in the case of the depletion
MOS type transistor, or a potential change of the base region
in the case of the bipolar device or of the gate region, in the
case of the JFET type device.

Accordingly, in order to achieve high sensitivity, it is
necessary to increase an amount of this potential change
(storcd charge amount/capacitance). For that purposc, the
capacitance of the control region is preferably as small as
possible. However, the area of the photoelectric conversion
portion (a light-receiving aperture ratio) needs to be
increased in order to raise the utilization factor of incident
light and thereby increase the charge amount. However, in
the case of the photoelectric conversion element where only
one transistor performs the all operations (including the
photoelectric conversion operation, the amplification
operation, and the initialization operation), the control
region is nothing but the photoelectric conversion portion,
and, therefore, the capacitance becomes greater with an
increase of the aperture ratio. As a result, the sensitivity is
limited.

Also proposed on the other hand are photoelectric con-
version elements arranged in such a manner that the photo-
electric conversion portion is separated from an amplifying
transistor, the charge generated and stored in the photoelec-
tric conversion portion is transferred through a transfer gate
of a transfer control portion Lo the control region ol the
transistor, and an output is obtained by current amplification
or charge amplification. For example, Japanese Patent Laid-
open Nos. 5-235317 (corresponding to U.S. patent applica-
tion Ser. No. 08/261,135) and 5-275670 disclose photoelec-
tric conversion elements in which the amplifying portion of
the depletion type MOS transistor or the JFET is combined
with the photodiode and the transfer control portion (transfer
gate).

In the photoelectric conversion elements arranged by
separating the photoelectric conversion portion from the
amplifying transistor and providing the transfer gate, as
described above, if a buried photodiode is used for the
photoelectric conversion portion, the photoelectric conver-
sion elements can be achieved with high quantum efficiency
and without occurrence of lag, dark current, or reset noise.
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When a buried photodiode in a vertical overflow structure
is used for the photoelectric conversion portion, the bloom-
ing suppressing operation by the amplifying transistor
becomes unnecessary, because the photodiode has a bloom-
ing suppressing function. For example, when a pliotoelectric
conversion apparatus is composed of such photoelectric
conversion elements, the apparatus is free of the problem of
increase of dissipation power and the problem that variations
appear in outputs from the photoelectric conversion ele-
ments due to changes of bias points (operating points).

Further, because the photoelectric conversion portion is
scparated from the amplifying transistor, the structurc and
size of the transistor can be optimized by taking only the
amplifying function into consideration. Therefore, high sen-
sitivity can be secured by decreasing the capacitance of the
control region.

In addition, the new problems including the dark current,
lag, and reset noise, caused by the transistor itself, can
effectively be removed by the configuration and drive
method of the photoelectric conversion apparatus with these
photoclectric conversion clements arranged in a matrix.

Thus, the photoelectric conversion element with the sepa-
rate photoelectric conversion portion and amplifying tran-
sistor and with the transfer gate is considerably lowered in

noise and enhanced in sensitivity, as compared with the ,

photoelectric conversion element arranged to perform all
operations (including the photoelectric conversion
operation, the amplification operation, and the initialization
operation) by a transistor.

However, the above conventional photoelectric conver-
sion element (which is the photoelectric conversion element
provided with the separate photoelectric conversion portion
and amplifying transistor and the transfer gate) had the
problem that there is no improvement in the reset operation
compared to the other conventional photoelectric conversion
element arranged to perform the all operations by a single
transistor.

Namely, the conventional photoelectric conversion ele-
ment (the photoelectric conversion element with the separate
photoelectric conversion portion and amplifying transistor
and the transfer gate) also had the problem that when the
reset operation was started in order to initialize the control
region of the transistor, the amplifying transistor itself also
operated (or became “on”) at the same time therewith.

As a result, a large current flows in the amplifying
transistor, which greatly changes the bias point (operating
point) of the amplifying transistor transiently, thereby
changing the amplification factor. For example, when a
photoelectric conversion apparatus was composed of a lot of

photoelectric conversion elements of this type arrayed, there S

were problems that variations appeared in outputs from the
photoelectric conversion elements, that the performance of
the apparatus (for example, S/N ratios) was degraded, and
that the dissipation power incrcased becausc of the array of
many elements.

SUMMARY OF THE INVENTION

The present invention has been developed in view of the
above circumstances, and an object thereof is to obtain a
photoelectric conversion element capable of performing the
reset operation without operating the amplifying portion.

Another object of the present invention is to obtain a
photoelectric conversion element that can suppress occur-
rence of fixed pattern noise.

Still another object of the present invention is to obtain a
photoelectric conversion element that can improve the aper-
ture ratio and the degree of integration.
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Still another object of the present invention is to obtain a
photoelectric conversion element that can suppress the phe-
nomenon of blur such as blooming due to obliquely incident
light.

Still another object of the present invention is to obtain a
photoelectric conversion element that can attain ideal char-
acteristics such as suppressing the dark current, lag, and
resct noisc.

Still another object of the present invention is to obtain a
photoelectric conversion element that can enhance the sen-
sitivity.

A further object of the present invention is to obtain a
photoelectric conversion apparatus that can suppress the
degradation of performance (for example, S/N ratios) of the
apparatus and the increase of dissipation power, as accom-
plished under the above circumstances.

Still another object of the present invention is to obtain a
photoelectric conversion apparatus that can perform a high-
speed resel operalion.

Still another object of the present invention is to obtain a
photoelectric conversion apparatus that can attain signal
outputs according to only photogenerated charge compo-
nents.

One aspect of the present invention is a photoelectric
conversion element comprising: a photoelectric conversion
portion for generating a charge according to incident light
and storing the charge therein; an amplifying portion having
a control region for generating a signal output according to
the charge received in the control region from said photo-
electric conversion portion; a transfer control portion for
transferring the charge generated and stored in the photo-
electric conversion portion to the control region of the
amplifying portion; reset-purpose charge draining means for
draining the charge transferred to the control region of the
amplifying portion; and reset-purpose control means for
controlling the reset-purpose charge draining means.

Here, the photoelectric conversion portion generates the
charge according to the incident light and stores it. The
amplifying portion generates the signal output according to
the charge received by the control region. The transfer
control portion transfers the charge generated and stored in
the above photoelectric conversion portion to the control
region of the above amplifying portion. The reset-purpose
charge draining means drains the charge transferred to the
control region of the above amplifying portion. The reset-
purpose control means controls the above reset-purpose
charge draining means.

Namely, in the case of the conventional photoelectric
conversion elements, when the reset operation is carried out
in order to initialize the control region of the amplifying
portion (or to eliminate the charge (signal charge) remaining
in the control region), the amplifying portion itself is oper-
ated (or turned on) and thus, for example, a large current
flows in the amplifying portion itself, which causes the
problem that the amplifying factor changes because of large
transient fluctuations of the bias point (operating point) of
the amplifying portion.

Since in the present invention the reset-purpose charge
draining means and the reset-purpose control means for
initializing the control region of the amplifying portion are
formed separately and independently, the amplifying portion
does nol operate upon Lhe reset operation. This can solve the
problem that the large current flows in the amplifying
portion itself by the reset operation and it causes the ampli-
fication factor to change because of transient great fluctua-
tions of the bias point (operating point) of the amplifying
portion as in the conventional photoelectric conversion
clements.
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Generally, the above amplifying portion often comprises
control means for controlling the control region of the
amplifying portion by capacitive coupling. However, with-
out provision of this control means, wiring to the control
means is not necessary, fabrication is easy, the capacitance
of the control region of the amplifying portion can be
smallcr by that degree of no provision of control mcans, and
the sensitivity can be enhanced.

Another aspect of the present invention is the photoelec-
ric conversion ¢lement further comprising the control
means for controlling the control region of the amplifying
portion by capacitive coupling.

Namely, the amplifying portion of the photoelectric con-
version element often has the control means for controlling
the control region of the amplifying portion by capacitive
coupling. Also in the case of the photoelectric conversion
element provided with the control means, the amplifying
portion does not operate upon the reset operation by forming
the reset-purpose charge draining means and reset-pnrpose
control means for initializing the control region of the
amplifying portion separately and independently from the
amplilying portion. Thus, this arrangement can solve the
problem that the large current flows in the amplifying
portion itself by the reset operation and this causes the
amplification factor to change because of large transient
fluctuations of the bias point (operating point) ot the ampli-
fying portion.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the amplifying por-
tion is comprised of a field effect transistor (FET).

Namely, the above amplifying portion preferably can
suppress generation of fixed pattern noise based on signal
(charge) destruction. For that purpose, the amplifying por-
tion is preferably constructed of a field effect transistor
(FET) for amplifying the charge (signal charge) generated
and storcd in the photoclectric conversion portion on a
non-destructive basis.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein an element isolation
region of a predetermined conductivity type is formed
between mutual regions of the photoelectric conversion
portion, the amplifying portion, the transfer control portion,
the reset-purpose charge draining means, and the reset-
purpose control means.

The clearances of the mutual regions between the above
photoelectric conversion portion, amplifying portion, trans-
fer control portion, reset-purpose charge draining region,
and reset-purpose control means are generally desired to be

formed as small as possible in view of the aperture ratio and s

the degree of integration. However, it is difficult to make the
clearances of the mutual regions small, because of the
influence of so-called side diffusion of dopant (impurity) in
the fabrication process of the photoelectric conversion ele-
mcnt.

Accordingly, the aperture ratio and the degree of integra-
tion can be improved by forming the element isolation
region of the predetermined conductivity type between the
mutual regions of the photoelectric conversion portion,
amplifying portion, transfer control portion, reset-purpose
charge draining means, and reset-purpose control means
whereby the above clearances of the mutual regions can be
formed as small as possible.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein a metal interconnec-
tion connected to the reset-purpose charge draining means is
formed of a light-shielding film for shielding incident light
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to the amplifying portion, the transfer control portion, the
reset-purpose charge draining means, and the reset-purpose
control means.

Namely, the metal interconnection also serves as a light-
shielding film. It thus becomes unnecessary to form an extra
light-shielding film for shielding the incident light, and it
becomes possible to decrease the thickness of the entire
photoelectric conversion element. Also, it becomes possible
to improve the degree of integration, and to set the metal
wiring and light-shielding (ilm in the vicinity of the pholo-
electric conversion portion, thereby suppressing the phe-
nomenon of bleeding such as blooming due to obliquely
incident light.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the photoelectric con-
version portion is comprised of a pn junction photodiode of
a vertical overflow structure.

Namely, also in the photoelectric conversion element in
which the reset-pnrpose charge draining means and reset-
purpose control means are provided separately and indepen-
dently of the amplifying portion, the photoelectric conver-
sion portion can be formed of the pn junction photodiode of
the vertical overflow structure. Then the phenomenon of
blceding such as blooming and smcar can be suppresscd by
constructing the photoelectric conversion portion of the pn
junction photodiode of the vertical overflow structure.

Stll another aspect of the present invention is the pho-
toelectric conversion element wherein the photoelectric con-
version portion is comprised of a buried photodiode of the
vertical overflow structure.

Namely, also in the photoelectric conversion element
provided with the reset-purpose charge draining means and
reset-purpose control means separate and independent of the
amplifying portion, the photoelectric conversion portion can
be comprised of the buried photodiode of the wvertical
overflow structure. The ideal characteristics to suppress the
bleeding phenomenon such as blooming and smear and to
suppress the dark current, lag, and reset noise can be attained
by forwming the photoelectric conversion portion of the
buried photodiode of the vertical overtlow structure.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the amplifying por-
tion is comprised of a junction field effect transistor (JFET)
and wherein a channel forming portion of the junction field
effect transistor is formed of a first conductivity type gate
region, a second conductivity type channel region, and a first
conductivity type semiconductor substrate in the order from
the semiconductor surface toward the inside of the semi-
conductor substrate.

Namely, the amplifying portion of the photoelectric con-
version element may also be formed of the junction [ield
effect transistor (JFET) and the channel forming portion of
this junction field effect transistor (JFET) may be con-
structed of the first conductivity type gate region, the second
conductivity type channel region, and the first conductivity
type semiconductor substrate in the order from the semi-
conductor surface toward the inside of the semiconductor
substrate. Accordingly, in amplifying the charge (signal
charge), the charge (signal charge) is amplified through the
first conductivity type gate region and the second conduc-
tivity type channel region.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the amplifying por-
tion is comprised of a junction field effect transistor (JFET)
and wherein a channel forming portion of the junction field
effect transistor (JFET) is formed of a first conductivity type
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shallow gate region, a second conductivity type shallow
channel region, a first condnctivity type gate region, a
second conductivity type well region, and a first conductiv-
ity type semiconductor substrate in the order from the
semiconductor surface toward the inside of the semiconduc-
tor substrate.

Namely, the amplifying portion of the photoelectric con-
version element may be constructed of a junction field effect
transistor (JFET), and the channel forming portion of this
junction field effect transistor (JFET) is formed of the first
conductivity type shallow gate region, the second conduc-
tivity type shallow channel region, the first conductivity type
gate region, the second conductivity type well region, and
the first conductivity type semiconductor substrate in the
order from the semiconductor surface toward the inside of
the semiconductor substrate.

Describing in more detail, the channel forming portion is
shallowed (in shallow junction arrangement) by the first
conductivity type shallow gate region and the second con-
ductivity type shallow channel region so as to reduce the size
of the cntire junction ficld cffect transistor. Also, the first
conductivity type gate region and the first conductivity type
semiconductor substrate are electrically separated by inter-
position of the second conductivity type well region between
the first conductivity type gate region and the first conduc-
tivity type semiconductor substrate.

The shallowing improves transconductance, and the
reduction of size increases the degree of integration and the
aperture ratio and makes it possible to raise the sensitivity.
The electric isolation between the gate (control region) and
the semiconductor substrate of the junction field effect
transistor (JFET) can make it possible to suppress the
influcnce of substrate voltage (substrate bias cffect) and to
raise the amplification factor upon current amplification
operation and the charge amplification factor upon source-
follower operation.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the amplifying por-
tion is comprised of a junction field effect transistor (JFET),
wherein a channel forming portion of the junction field effect
transistor (JFET) is formed of a first conductivity type
shallow gate region, a second conductivity type shallow
channel region, a first conductivity type gate region, a
second conductivity type well region, and a first conductiv-
ity typc scmiconductor substratc in thc order from the
semiconductor surface toward the inside of the semiconduc-
tor substrate, and wherein the first conductivity type shallow
gate region and the first conductivity type gate region are

electrically connected with each other in a portion other than .

the channel forming portion.

Namely, the amplifying portion of the photoelectric con-
version element may be formed of the junction field effect
transistor (JFET), wherein the channel forming portion of
the junction field effect transistor (JFET) is constructed of
the first conductivity type shallow gate region, the second
conductivity type shallow channel region, the first conduc-
tivity typc gate region, the sccond conductivity type well
region, and the first conductivity type semiconductor sub-
strate in the order from the semiconductor surface toward
the inside of the semiconductor substrate. The first conduc-
tivity tvpe shallow gate region and the first conductivity type
gate region are electrically connected with each other in the
portion other than the channel forming portion.

Accordingly, the shallowing improves the
transconductance, and the reduction of size can increase the
degree of integration and the aperture ratio and enhance the
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sensitivity by that degree. The arrangement in which the first
conductivity type shallow gate region and first condnctivity
type gate region are made electrically connected and in
which the gate (control region) of the junction field effect
transistor (JFET) and the semiconductor substrate are elec-
trically separated can make it possible to greatly suppress
the influcnce of substratc voltage (substrate bias cffcct) and
to increase the amplification factor during the current ampli-
fication operation or the charge amplification factor during
the source-follower operation.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the photoelectric con-
version portion is a buried photodiode of a vertical overflow
structure, wherein the amplifying portion is comprised of a
junction field effect transistor and a channel forming portion
of the junction field effect transistor is formed of a first
conductivity type shallow gate region, a second conductivity
type shallow channel region, a first conductivity type gate
region, a sccond conductivity type well region, and a first
conductivity type semiconductor substrate in the order from
the semiconductor surface toward the inside of the semi-
conductor substrate, wherein the first conductivity type
shallow gate region and the first conductivity type gate
region are electrically connected with each other in a portion
other than the channel forming portion, and wherein an
impurity concentration of the first conductivity tvpe gate
region is different from an impurity concentration of a
charge storing portion of the buried photodiode. This
enables operation of the buried photodiode and the junction
field effect transistor under suitable conditions.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the impurity concen-
tration of the first conductivity type gate region is in the
range of 6x10%5 cm™ to 3x10'® cm™ and the impurity
concentration of the charge storing portion of the buried
photodiode is in the range of 5x10%> cm™ to 3x10'° cm™.
This enables operation of the buried photodiode and the
junction field effect transistor under most suitable condi-
tions.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the amplifying por-
tion is comprised of a MOS field effect transistor and this
field effect transistor is of a depletion type.

This enables suppression of fixed pattern noise based on
signal (charge) destruction. Since neither reset noise nor lag
occurs upon the reset operation of the control region of the
MOS field effect transistor, this arrangement is suitable for
forming a photoelectric conversion element enabling elec-
tronic shutter operation with simultaneity in a frame.

Still another aspect of the present invention is the pho-
toelectric conversion element wherein the amplifying por-
tion is comprised of a bipolar transistor, the bipolar transistor
having a collector of a high-concentration region of a
predetermined conductivity type formed in a silicon surface
layer portion surrounding the photoelectric conversion
element, without forming a buried collector or a collector
using a high-concentration substrate of a predetermined
conductivity type.

This enables construction of a combination of the bipolar
transistor with the photodiode of the vertical overflow
structure, which can suppress pseudo signals such as bloom-
ing or smear.

Still another aspect of the present invention is a photo-
electric conversion apparatus comprising: a plurality of
photoelectric conversion elements arranged in a two-
dimensional matrix, each photoelectric conversion element
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comprising a photoelectric conversion portion for generat-
ing a charge according to incident light and storing the
charge therein, an amplifying portion having a control
region for generating a signal output according to the charge
received in the control region from the photoelectric con-
version portion, a transfer control portion for transferring the
charge gencrated and stored in the photoclectric conversion
portion to the control region of the amplifying portion,
reset-purpose charge draining means for draining the charge
transferred to the control region of the amplifying portion,
and reset-purpose control means for controlling the reset-
purpose charge draining means.

Still another aspect of the present invention is the plo-
toelectric conversion apparatus wherein the reset-purpose
charge draining means of the respective photoelectric con-
version elements arrayed at least in one scanning direction
are arranged in parallel to each other.

By the arrangement in which the reset-purpose charge
draining means of the respective photoelectric conversion
elements arrayed in the horizontal scanning direction are
arranged in parallel with each other, the amplifying portion
always corresponds Lo the resel portion in each unit pixel of
the photoelectric conversion element, whereby the control
region of the amplifying portion can be initialized within a
very short time to the potential of the reset portion. Namely,
this arrangement makes high-speed reset operation possible.

Still another aspect of the present invention is the pho-
toelectric conversion apparatus further comprising: a verti-
cal scanning circuit; and a pulse drive source; wherein the
transfer-purpose control means of the transfer control por-
tion and the reset-purpose charge draining means in the
photoelectric conversion elements are connected commonly
along the horizontal scanning direction, thereby connecting
(o the vertical scanning circuit for pulse driving. The resel-
purpose control means in all the photoelectric conversion
elements are connected commonly to the pulse drive source.

In the photoelectric conversion apparatus constructed in
the above arrangement, the voltage of the high level is first
applied to the reset-purpose charge draining means in a
certain specific horizontal line (selected row) by the vertical
scanning circuit, and the voltage of the low level is applied
to the reset-purpose charge draining means in the other
horizontal lines (non-selected rows). Then the drive pulse
from the pulse drive source is applied to the all reset-purpose
control means.

As a result, the control regions of the amplifying portions
in the photoelectric conversion elements in the selected row
are initialized to the voltage of the high level, and the control

regions of the amplifying portions in the photoelectric

conversion elements in the non-selected rows to the voltage
of the low level.

Employing the arrangement in which the initializing
operation of the control regions of the amplifying portions is
performed by the reset-purpose charge draining means and
reset-purpose control means, the apparatus can obviate a
need to perform the reset operation for recombining the
charge (signal charge) by driving the control regions of the
amplifying portions by a forward bias as in the conventional
photoelectric conversion apparatus.

Thus, the invention can solve the problems thal a large
current flows in the amplifying portions and that in the case
of the photoelectric conversion apparatus being constructed
with a lot of photoelectric conversion elements arrayed,
amplification factors vary because of large transient fluc-
tuations of bias points (operating points) of the amplifying
portions to cause variations of outputs from the respective
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photoelectric conversion elements, thereby degrading the
performance of apparatus (for example, S/N ratios) and
increasing the dissipation power.

After the control regions of the amplifying portions are
initialized, the drive pulse sent from the vertical scanning
circuit is applied to the transfer-purpose control means given
in the above photoelectric conversion elements. As a result,
the charges (signal charges) gencrated and stored in the
photoelectric conversion portions in the above photoelectric
conversion elements are transferred from the above photo-
electric conversion portions to the control regions of the
above amplifying portions, and the amplifying portions
execute the amplifying operation of the charges (signal
charges).

Still another aspect of the present invention is the pho-
toelectric conversion apparatus further comprising: a verti-
cal scanning circuit; a pulse drive source; and a power
supply; wherein the transfer-purpose controlling means of
the transfer control portions and the control means for
controlling the control regions of the amplifying portions by
capacitive coupling in the photoelectric conversion elements
are connected commonly along the horizontal scanning
direction, thereby connecting to the vertical scanning circuit
for pulse driving, the reset-purpose control means and the
reset-purpose charge draining means in all the photoelectric
conversion elements are connected commonly, thereby the
reset-purpose controlling means are connected to the pulse
drive source and the resel-purpose charge draining means
are connected to the power source.

Namely, the above arrangement is attained when the
features of the present invention are applied to the most
popular arrangement of a conventional photoelectric con-
version apparatus. The feature of the present invention is to
form the reset-purpose charge draining means and reset-
purpose control means independently in order to initialize
the control regions of the amplifying portions without oper-
ating the amplifying portions. Further, another feature of the
present invention is to arrange the reset-purpose charge
draining means of the respective photoelectric conversion
elements in parallel with each other along the horizontal
scanning direction in order to achieve high-speed reset
operation. Then the above arrangement enables fabrication
of the photoelectric conversion apparatus with little chang-
ing the arrangement of the conventional photoelectric con-
version apparatus. The fabrication becomes easy accord-
ingly.

In the photoelectric conversion apparatus constructed in
the above arrangement, the voltage is fixedly supplied from
the power supply to the reset-purpose charge draining
means, and the reset-purpose charge draining means sup-
plies the voltage thus supplied to the control regions of the
amplifying portions. The reset-purpose control means oper-
ates (turns on or off) according to the drive pulse sent from
the pulse drive source. Here, the operation (on or off) of the
above resct-purposc control mceans controls the voltage
supplied from the reset-purpose charge draining means to
the control regions of the amplifying portions.

Namely, the voltage is supplied from the reset-purpose
charge draining means to the control regions of the ampli-
fying portions in accordance with the operation (on or off)
of the reset-purpose control means. Then the potential of the
control regions of the amplifying portions changes to the
same potential as that of the reset-purpose charge draining
means, thus initializing the control regions of the amplifying
portions.

Since the amplifying portions do not operate (turn on)
upon the initialization operation of the amplifying portions,
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the invention can solve the problems that a large current
flows in the amplifying portions, which causes large tran-
sient fluctuations of the bias points (operating points) of the
amplifying portions, thereby changing the amplification
factors and causing variations of outputs from the respective
photoelectric conversion elements, that the performance (for
example, S/N ratios) of the apparatus is degraded, and that
the dissipation power increases because of the arrangement
of many photoelectric conversion elements. Further, the
present invention enables selecting or non-selecting opera-
tions of rows by using the control means for controlling the
control regions of the amplifying portions by capacitive
coupling.

Still another aspect of the present invention is the pho-
toelectric conversion apparatus further comprising: a verti-
cal scanning circuit; a pulse drive source; and a power
supply; wherein the control means for controlling the control
region of the amplifying portion by capacitive coupling and
reset-purpose control means in the photoelectric conversion
elements are connected commonly along the horizontal
reading direction, thereby connecting to the vertical scan-
ning circuit for pulse driving, the transfer-purpose control-
ling means of the transfer control portions and reset-purpose
charge draining means in all the photoelectric conversion
elements are connected commonly, thereby the transfer-
purpose controlling means are connected to the pulse drive
source and the reset-purpose charge draining means are
connecled o the power source.

When the drive pulse sent from the pulse drive source is
applied to the transfer-purpose control means of the above
transfer portions, the charges (signal charges) generated and
stored in the photoelectric conversion portions in all the
pixels are simultaneously transferred to the control regions
of the amplifying portions. When the drive pulse sent from
the vertical scanning circuit is applied to the control means
for controlling the control regions of the above amplifying
portions by capacitive coupling, the amplifying portions
execute the amplification operation, and then the amplifying
portions output signals amplified.

The reset-purpose control means operates (turns on or off)
in accordance with the drive pulse sent from the vertical
scanning circuit, and the voltage from the power supply
connected to the reset-purpose charge draining means is
supplied to the control regions of the above amplifying
portions in accordance with this operation to turn the control
regions of the amplifying portions into the same potential as
that of the reset-purpose charge draining means, thus ini-
tializing the control regions of the amplifying portions.

This enables resetting of the control regions of the ampli-

fying portions without operating (turning on) the amplifying s

portions, which enables suppression of the degradation of
perlormance (for example, S/N ratios) ol the apparalus and
the increase of the dissipation power due to the arrangement
of many photoelectric conversion elements. It is noted that
the present invention enables an electronic shutter operation
which is operated simultaneously in a frame.

Still another aspect of the present invention is the pho-
toelectric conversion apparatus further comprising: a verti-
cal scanning circuit for commonly driving the photoelectric
conversion elements along the horizontal scanning direc-
lion; [irst memory means [or storing signal oulpuls [or one
horizontal line immediately after the control regions of the
amplifying portions are initialized according to vertical
scanning; and second memory means for storing signal
outputs for one horizontal line immediately after the charges
are transferred to the control regions of the amplifying
portions according to vertical scanning.
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Namely, noise components are mixed in signal outputs
immediately after the control regions of the amplifying
portions are initialized, and charge components and noise
components are mixed in signal outputs immediately after
the charges (signal charges) generated and stored by the
photoelectric conversion portions are transferred to the
control regions of the amplifying portions.

Accordingly, a signal output immediately after the control
region of each amplifying portion is initialized is separated
from a signal output immediately after a charge (signal
charge) generated and stored in each photoelectric conver-
sion portion is transferred to the control region of the
amplifying portion and a difference is taken between the two
signal outputs, thereby obtaining a signal output according
to only the photogenerated charge component.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not to be considered as limiting the
present invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope ol the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1Ato 1C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 1 of the present invention;

FIGS. 2Ato 2C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 2 of the present invention;

FIGS. 3Ato 3C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 3 of the present invention;

FIG. 4 is a schematic sectional view to show the essential
portion of the photoelectric conversion element according to
Embodiment 4 of the present invention;

FIG. 5 is a circuit diagram to show a scliewatic layout of
the photoelectric conversion apparatus according to
Embodiment 5 of the present invention;

FIG. 6 is a pulse timing chart for explaining the operation
of the circuit diagram shown in FIG. 5;

FIGS. 7Ato 7C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 6 of the present invention;

FIG. 8 is a circuit diagram to show a schematic layout of
the photoelectric conversion apparatus according to
Embodiment 7 of the present invention;

FIG. 9 is a pulse timing chart for explaining the operation
of the circuit diagram shown in FIG. 8;

FIGS. 10A to 10C are schematic structural drawings to
show the photoelectric conversion element according to
Embodiment 8 of the present invention;

FIG. 11 is a circuit diagram to show a schematic layout of
the photoelectric conversion apparatus according to
Embodiment 9 of the present invention;

FIG. 12 is a pulse timing chart for explaining the opera-
tion of the circuit diagram shown in FIG. 11;
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FIGS. 13A to 13C are schematic structural drawings to
show the photoelectric conversion element according to
Embodiment 10 of the present invention; and

FIGS. 14A to 14C are schematic structural drawings to
show the photoelectric conversion element according to
Embodiment 11 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments of the present invention will be
explained with reference to the drawings. In the drawings,
same reference numerals denote same or equivalent
portions, and redundant description will be omitted.

Embodiment 1

FIGS. 1A to 1C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 1 of the present invention, wherein FIG. 1 is a plan
view of the schematic structure to show the photoelectric
conversion element, FIG. 1B a cross section along X1-X2
line in FIG. 1A, and FIG. 1C a cross section along Y1-Y2
line in FIG. 1A. In FIG. 1A and the following FIGS. 2A, 3A,
7A, 10A, 13A, 14A, depiction of an aluminum film 20 is
omitted.

In these drawings, the photoelectric conversion element
according to Embodiment 1 is mainly composed of a pho-
todiode (photoelectric conversion portion, PD) 1 for gener-
ating and storing a charge according to incident light, a
junction field effect transistor ((amplifying portion): herein-
after referred to as JILT) 2 for outputting a signal according
to the charge received by the control region, a transfer gate
(transfer-purpose control means of the transfer control
portion, TG) 3 for transferring the charge generated and
stored by the photodiode 1 to the control region of JFET 2,
a reset drain (reset-purpose charge draining means, RD) 4
for draining the charge transferred to the control region of
JFET 2, and a reset gate (reset-purpose control means, RG)
5 for controlling the reset drain 4. In addition, there are
transfer gate line 3a, reset gate line Sa, and source line 16a
formed as illustrated.

In more detail, an n-type silicon layer 11 to become a
channel region is formed by epitaxial growth on a p-type
silicon substrate 10, and, for example, boron (B*) or phos-
phorus (P*) is introduced into the n-type silicon layer 11 by
an ion implantation or thermal diffusion process or the like
to form a p-type photodiode region 12, a p-type gate region
13, the reset drain 4, etc. Further, the transfer gate 3 and reset
gatc 5 arc formed through an insulating laycr (not shown) by

a lithography technique or the like, thus forming the pho- ~

todiode 1 and JFET 2.

An n-well region 14 of the photodiode 1 is formed in
order to control the overflow potential of carriers generated
in the pn junction to a predetermined value.

The transfer gate 3, the p-type photodiode region 12 of
photodiode 1, and the p-type gate region 13 of JFET 2
composc a p-channcl MOS transistor (MOSFET; scc FIGS.
1A and 1C). Further, the reset gate 5, a p-region 15 of reset
drain 4 and the p-type gate region 13 of JFET 2 also
compose a p-channel MOSFET (see FIGS. 1A and 1B).

The photodiode 1 includes, in order from the surface of
the silicon layer to the p-type silicon substrate 10, the p-type
photodiode region 12, the n-type silicon layer 11 (including
the n-well region 14), and the p-type silicon substrate 10,
thus forming a so-called pnp-type vertical overflow struc-
ture. This structure can suppress the phenomenon of blur
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such as blooming and smear due to carriers (holes in this
Embodiment 1) generated accordingly.

JFET 2 is composed of an n*-type source region 16, an
n*-type drain region 17, a p-type gate region 13, and an
n-type channel region 18 (n-channel). These are arranged to
form a pnp-type structure of the p-type gate region 13, the
n-type channel region 18, and the p-type silicon substrate 10
in order from the surface of the silicon layer to the p-type
silicon substrate 10. Consequently, the p-region (the p-type
silicon substrate 10 in this Embodiment 1) below the n-type
channel region 18, originally having a function of back gate,
is connected Lo a constant power supply. The thickness
(height) from the surface of the silicon layer to the surface
of the p-type silicon substrate 10 is about 6 ym.

Applying a pulse voltage to the reset gate 5, the reset gate
5 and reset drain 4 initialize the control region of JFET 2 (the
p-type gate region 13 in this Embodiment 1) to the potential
of the resel drain 4.

Thus, JFET 2 is kept from operating (or becoming on)
upon the initialization operation, in contrast to the conven-
tional photoelectric conversion element. For example, when
a photoelectric conversion apparatus is constructed by array-
ing a lot of these elements, the apparatus is free of occur-
rence of variations in outputs from the photoelectric con-
version elements, which were seen in the conventional
apparatus due to flow of a large current to greatly change the
bias points (operating points) of transistors and thereby
result in different amplification factors of JFETs 2. This
results in preventing the dissipation power from becoming
large and in decreasing dissipation power.

Although not shown in FIG. 1A, wiring to the reset drain
4 (metal interconnection, which is an aluminum (Al) film 20
in this Embodiment 1) also serves as a light-shielding film
for shielding portions other than the photodiode 1, as seen
from FIGS. 1B and 1C. This aluminum film 20 may be
replaced by another metal (ilm, which can be fabricated by
depositing a metal film by the sputtering process.

Accordingly, the thickness (height) of the entire element
can be kept smaller than that of an element with a further
film dedicated to light shielding, which is formed on the top,
the degree of integration and the aperture ratio for the
photodiode 1 can be increased, and the phenomenon of blur
such as blooming and smear due to obliquely incident light
can be suppressed because of the structure wherein the metal
wiring (aluminum film 20) is disposed in the vicinity of the
photodiode 1.

Embodiment 2

FIGS. 2Ato 2C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 2 of the present invention, wherein FIG. 2A is a plan
view of the schematic structure to show the photoelectric
conversion element, FIG. 2B a cross section along X1-X2
line in FIG. 2A, and FIG. 2C a cross section along Y1-Y2
linc in FIG. 2A. This Embodiment 2 is diffcrent in the
structure of the photodiode and the JFET 2 of the photo-
electric conversion element from Embodiment 1.

Namely, the photodiode 1 of the photoelectric conversion
element in Embodiment 2 is different from the photodiode 1
of the photoelectric conversion element in Embodiment 1
first in that a buried photodiode of an npnp type vertical
overflow structure (wherein a buried photodiode is con-
structed by the npn structure and the overflow structure is
constructed by the pnp structure) is formed from the surface
of the silicon layer toward the p-type silicon substrate 10.

Accordingly, the phenomenon of blur such as blooming
and smear can be suppressed by the overflow structure for
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absorbing overflowing carriers, while the buried photodiode
prevents the depletion layer appearing in the pn junction
portion from reaching the surface, thus suppressing the dark
current. Since no charge remains in the photodiode (the
photodiode becomes completely depleted) after transfer of
charge, ideal characteristics can be achieved for suppressing
the lag and resct noisc.

Further, Embodiment 2 is also different from Embodiment
1 in that the n-well region 14, which was formed only around
the photodiode 1 in Embodiment 1, is [ormed over the entire
surface of the p-type silicon substrate 10. Generally, the
photodiode of the vertical overflow structure is desirably
constructed in such a manner that, in order to keep the
quantum efficiency high, the pn junction is formed as deep
as possible from the surface of the silicon layer toward the
p-type silicon substrate 10.

The n-well region 14 is formed deeper toward the p-type
silicon layer 10 accordingly. Since the n-well region 14
diffuses (side-diffuses) in the lateral directions (in the direc-
tions perpendicular to the direction directed toward the
p-type silicon substrate 10) in this case, design taking
account of this side dillusion is necessary. Embodiment 2
employs the structure in which the n-well region 14 is
formed over the entire surface of the p-type silicon substrate
10 and JFET 2 is formed in this n-well region 14, thereby
avoiding influence of the side diffusion ot the n-well region
14 and raising the degree of integration and the aperture
ratio.

The JFET 2 of the photoelectric conversion element in
this Embodiment 2 is first different from the structure of
JFET 2 in Embodiment 1 in that the whole (particularly, the
channel portion) is shallowed (in shallow junction
arrangement). Shallowing the JFET 2 for performing only
the amplification operation decreases the dimensions (size)
of the entire JFET 2 by that shallowing degree, which can
raise the degree of integration of the entire photoelectric
conversion element and the aperture ratio of the photodiode
1.

In addition, the above arrangement can enhance a char-
acteristic as an amplifying portion, that is, transconductance
(gm), and can improve a saturation characteristic (or reduce
a drain voltage dependence of a saturation region). An
increase of transconductance (gm) is of course important, for
example when the JFET 2 is used for current amplification,
and it can lower the time constant (or increase the speed) or
can enhance the sensitivity in the case of source-follower
operation (namely, in the case of charge amplification by
capacitive load).

Second, the JFET 2 of the photoelectric conversion ele- &

ment in Embodiment 2 is so arranged that p-type gate
regions 13 (see FIG. 2B, a first conductivity type shallow
gate region 134 and a first conductivity type gate region 13b)
are formed above and below the channel (n-channel) and
these first conductivity type shallow gate region 13a and first
conductivity type gate region 13b are electrically connected
in a portion where the channel is not formed.

Further, it is different from JFET 2 in Embodiment 1 in
that the p-type gate regions 13 are electrically separated
from the p-type silicon substrate 10 by the n-well region 14.
This can greatly reduce influence of the substrate voltage
(substrate bias effect) on the characteristics of the photo-
electric conversion element itself.

In addition, for example when a photoelectric conversion
apparatus is composed of such photoelectric conversion
elements and when JFETs 2 are in the source-follower
operation, the reduction of the drain voltage dependence as
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discussed previously and the reduction of the substrate bias
effect will present a great effect on enhancement of the
sensitivity of pixels arrayed in the photoelectric conversion
apparatus and on suppression of variations of sensitivity (for
example, on suppression of the fixed pattern noise).

As explained above, the JFET 2 of the photoelectric
conversion element according to Embodiment 2 can have an
improved degree of integration and an improved aperture
ratio and also have higher sensitivity than the photoelectric
conversion element according to Embodiment 1, and can
suppress the variations of sensitivity.

Embodiment 3

FIGS. 3Ato 3C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 3 of the present invention, wherein FIG. 3A is a plan
view of the schematic structure to show the photoelectric
conversion element, FIG. 3B a cross section along X1-X2
line in FIG. 3A, and FIG. 3C a cross section along Y1-Y2
line in FIG. 3A. The photoelectric conversion element
according to Embodiment 3 is different from the above two
embodiments in that an element isolation region 21 of a
predetermined conductivity type (the n-type in this Embodi-
ment 3) is formed in the peripheral regions of the photodiode
1, JFET 2, and reset drain 4 (including the regions where the
transfer gate 3 and reset gate 5 are formed).

Since p-type regions of the photodiode 1, JFET 2, and
reset drain 4 each are normally formed in the n-well region
14, they are electrically isolated from each other by this
n-well region 14. Generally, the desired isolation of the
n-well region 14 is to define the isolation width as small as
possible from the viewpoint of increasing the degree of
integration and the aperture ratio.

However, the p-type regions of the photodiode 1, JFET 2,
and reset drain 4 cannot be formed to shallow (shallow in the
direction of from the silicon surface toward the substrate)
because of performance of the photoelectric conversion
element. Particularly, as to the photodiode 1, it is instead
desired to form it to be deep from the silicon surface toward
the substrate in view of the quantum efficiency. It is thus the
case that the spread (side diffusion) becomes great in the
lateral directions (in the directions perpendicular to the
direction directed toward the subsirate) and a reduction ol
the isolation width cannot easily be done.

Thus, this Embodiment 3 is arranged to suppress the
above side diffusion of the p-type regions by forming the
n-type element isolation region 21, thereby decreasing the
isolation width, increasing the degree of integration of the
entire photoelectric conversion element and the aperture
ratio of photodiode 1, and facilitating control of the thresh-
old voltage of the transfer gate 3 and reset gate 5.

Embodiment 4

FIG. 4 is a schematic sectional view to show an essential
portion of the photoelectric conversion element according to
Embodiment 4 of the present invention. FIG. 4 depicts a
portion of FIG. 2C or 3C, therefore, the present embodiment
can be explained by using the figures for embodiment of 2
or 3.

The photodiode according to this embodiment is a buried
photodiode (BPD) 1 having a vertical overflow structure, as
shown in FIG. 4. Thus, the p-type diffusion layer 12 used
herein needs to satisfy the following conditions. An SiO,
film 11a is formed on the silicon surface.

(1) An excessive photogenerated charge should overflow

into the substrate.
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(2) The photogenerated charge should be completely
transferred to the JEET 2 upon signal reading, so that
the p-type diffusion of BPD 1 may be completely
depleted.

On the other hand, p-type diffusion used in JFET 2 needs

to satisfy the following conditions.

(1) The charge transferred from BPD 1 should not over-
flow into the substrate.

(2) Punch-through should not occur between the source
n*-diffusion of JFET 2 and the n-well region 14.

(3) The p-type diffusion region should not be depleted
under the bias conditions in operation as JFET 2.

In order to simultaneously satisfy these conditions, opti-
mization is rather easy by setting the concentrations of the
p-type diffusion regions in BPD 1 and JFET 2 separately (o
different values.

Thus, in the photoelectric conversion element in the
present embodiment, these impurity concentrations are sepa-
rately set so that the impurity concentration of the charge
storing portion 12, which is the p-type diffusion region of
BPD 1, may be in the range of 5x10'> ¢cm™ to 3x10'° ¢m™>
and so that the impurity concentration of the first conduc-
tivity type gate region 13b, which is the p-type diffusion
region of JFET 2, may be in the range of 6x10*° cm™ to
3x10*® cm™. Here, these impurity concentrations can be
controlled by changing the implantation conditions in boron
ion implantation, for example by changing a dose.

Embodiment 5

FIG. 5 is a circuit diagram to show the schematic structure
of the photoelectric conversion apparatus according to
Embodiment 5 in which photoelectric conversion elements,
as described in above each Embodiment 1-4 (FIG. 1 to FIG.
4) are arranged in a two-dimensional matrix. FIG. 6 is a
pulse timing chart for explaining the operation of the circuit
diagram shown in FIG. 5. The photoclectric conversion
apparatus in the following description will be explained as
an example where the photoelectric conversion elements are
those shown in FIG. 1, but the same can be applied to the
cases using the photoelectric conversion elements shown in
FIG. 2 to FIG. 4.

As shown in FIG. 5, each pixel 31 is composed of a
photodiode PD for generating and storing a charge accord-
ing to incident light, a JFET for generating a signal output
according to the charge received by its control region, a
transfer control element (p-channel MOSFET) 314 having a
transfer gate TG for transferring the charge generated and
stored in the photodiode 1 to the control region of JI'LT, a

reset drain RD which is a reset-purpose charge draining

means for draining the charge transferred to the control
region of JFET, and a reset element (p-channel MOSFET)
31b having a reset gate RG, which is a reset-purpose control
means for controlling the reset drain RD.

The source of each JFET is connected in coummon to a
vertical source line 32a, 32b, 32¢ in each column of the
matrix arrangement. All pixels 31 are connected in common
to a drain power-supply 31c through a wiring (not shown) or
diffusion layer formed on the drain side of each JFET and on
the cathode side of the photodiode PD. Further, the anode
side of each photodiode 1 and the control region of JILT 2
are connected to the source or the drain of the transfer
control element 31a, respectively.

The transfer gates (transfer gate electrodes) 3 of the
transfer control elements 31a in each row are connected in
common to a clock line 33a, 33b, 33¢ to be scanned by a
vertical scanning circuit 34. When a drive pulse ;51— P55
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sent from the vertical scanning circuit 34 is applied, the
apparatus is arranged to sequentially operate the transfer
control elements 31a in each row.

A reset element 315 is given for each pixel 31, and reset
drains RD of the reset elements 31b are arranged in parallel
in each row as being connected in common to a clock line
50a, 50b, 50c to be scanned in each row of the matrix
arrangement by the vertical scanning circuit 34. The reset
gates (reset gate electrodes) 5 of all the pixels are connected
in common through a row line 37a to a drive pulse gener-
ating circuit 37. The source of each reset element 31b is
formed in common with the drain of transfer control element
31a. When a drive pulse ®x; sent from the drive pulse
generating circuit 37 is applied to the reset gate (reset gate
electrode) 5, this reset element 31b is arranged to operate.

The vertical source line 32a, 32b, 32¢, on one hand, is
connected in each column through a MOS transistor for
transferring a light signal output Tg,, Ts,, T; and through
a MOS transistor for transferring a dark output T4, Tp.,,
T, to one electrode of a capacitor for storing the light signal
output (sccond memory clement) Cgq, Cg,, Cg3 and to onc
electrode of a capacitor for storing the dark output (first
memory element) Cpy, Cp,, Cps and then is connected
through MOS transistors for selection of horizontal reading
Trrs1s Trsos Trrsas Tup1s Tapas Trps 10 a signal output line
38 and a dark output line 39. Generally, parasitic capaci-
tances Cpg, Cpyp, exist in the signal output line 38 and dark
output line 39. A buffer amplifier 38a, 394 is connected to
one end of each of the signal output line 38 and dark output
line 39.

The signal output line 38 and dark output line 39, on the
other hand, are connected to the drains of MOS transistors
for resctting the signal output lines Trzs, Trap, respectively,
and the sources of MOS transistors Trgys, Trup are
grounded (GND) as being connected to the other electrodes
of the above capacitors for storing the light signal output
Cy,, Cq,, Cy5 and capacitors for storing the dark output C,,,,
Cps, Cps. When a drive pulse @4 sent from the drive pulse
generating circuit 43 is applied to the gate electrodes of the
MOS transistors for resetting the signal output lines Ty,
Treips the MOS transistors Tz, Trep are arranged to start
operating.

A horizontal selection hine 40a, 40b, 40c connected to a
horizontal scanning circuit 40 in each column is connected
in common to the gatc clectrodes of the MOS transistors for
selection of horizontal reading Tys1, Trso, Tarss and Trpq,
T,1025 Tripss SO that horizontal reading may be controlled by
a drive pulse @, to @5 sent from the horizontal scanning
circuit 40.

The gate electrodes of the above MOS transistors for
transferring the light signal outputs Ty, Ts,, T are con-
nected through a clock line for light signal 41a and the gate
electrodes of the above MOS transistors for transferring the
dark outputs Ty, Tp,, Tps are connected through a clock
line for dark output 424, each to a drive pulse generating
circuit 41 or 42. When a drive pulse @, or ®,,, sent from
the drive pulsc gencrating circuit 41 or 42 is applicd to the
gate electrodes through either line, these MOS transistors for
transmission of light signal output Ty, Ts,, Ts; and MOS
transistors for transmission of dark output T, Tp,, Tp5 are
arranged alternately to operate in a predetermined order.

The above vertical source line 32a, 32b, 32c in each
column, on the other hand, is connected to the drain of a
transistor tor reset Tgyq, Tryn, Ty and to a constant current
source for source-follower reading 44a, 44b, 44c. A power-
supply voltage Vyy is supplied to the source of each reset
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transistor Tryq, Tryn, Trys, and a power-supply voltage Vg
is supplied to the constant current sources for source-
follower reading 44a, 44b, 44c.

Avreset pulse @, is supplied to the gate electrodes of the
reset transistors Ty, Trys, Trys, and with a change of this
reset pulse @y, to high level the reset transistors Tryq, Tryns
Trys become on so as to ground the vertical source lines
32a, 32b, 32¢ (when Vg =GND).

The constant current sources for source-follower reading
44a, 44b, 44c¢ control the time constant of source-follower
operation, and also suppress variations of the time constant
due 1o fuctuations of the bias point for every pixel 31 Lo
equalize the gains, thus suppressing the fixed pattern noise
(hereinafter referred to as FPN).

The operation of the photoelectric conversion apparatus
according to Embodiment 5 of the present invention is next
explained referring to the pulse timing chart shown in FIG.
6. In FIG. 6, the period between t,; and t,5 represents the
reading operation of pixels 31 in the first row, and thereafter
the periods between t,; and t,5 and between t;; and t;s
correspond to the second row and the third row, respectively.
Further, t,, to t,, each are so defined that t,, is the period for
the initialization operation of JFETs 2, t,, the period for the
source-follower operation of JFETs 2 in the first row after
initialization, t,5 the period for the transfer operation of
signal charges from the photodiodes 1 to the JFETs 2 in the
first row, and t, , the period for the source-follower operation
of JFETs 2 aller transfer, and these [our operations are
carried out in the horizontal blanking period. Further, t, 5 is
the image signal output period.

First, as shown in FIG. 6, the drive pulse @y, is set to
the high level while keeping the drive pulses @z, and P zp5
at the low level) at the start of period t,; whereby the voltage
drive pulse is applied to the reset drains 4 of pixels 31 in the
first row. Then the high level voltage is applied to the control
regions of JFETs 2 of the pixels 31 in the first row and the
low level voltage is applied to the control regions of JFETs
2 of the pixels 31 in the other rows through the reset gates
5 of all the pixels 31 already set in a conductive (on) state
at the low level. By this operation, the control regions of
these JFE'Is 2 are initialized (the charges therein are drained)
and the JFETs 2 in the first row are selected (on) while the
JI'LTs 2 in the other rows are not selected (off).

Namely, selection (on) or non-selection (off) of JFETs 2
is effected depending upon whether the voltage drive pulse
(®rp1> Prpos Prps) Is sent to a row of the reset drains 4 or
not. Then, the control regions of JFETs 2 in the selected row
are initialized to the high level voltage and the control
regions of JFETs 2 in the non-selected row are initialized to
the low level voltage.

At the end of period t,; (or at the start of period t,,) the
drive pulse @ is changed Lo the high level so as 0 change
the reset gates 5 into a non-conductive (off) state whereby
the control regions of the respective JFETs 2 are kept in a
floating state as maintaining the selected (on) or the non-
selected (off) state.

At the same time (at the start of period t,,), the drive pulse
®y-is changed to the low level to bring the reset transistors
Txry to Trys into an interrupted (off) state, and the JFETs 2
in the first row perform the source-follower operation in this
period L;,. During this period (,, the drive pulse @, 1s al the
high level to keep the MOS transistors for transfer of dark
output T,,;, Tp,, T3 in a conductive state (on) and output
(output at dark) voltages corresponding to the potentials
immediately after the initialization of the control regions of
the JFETs 2 are stored in the capacitors for storage of dark
output Cp4, Cpa, Cps.
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In the period ty5, the drive pulse @45, is turned to the low
level to bring the transfer gates 3 from the non-conductive
(off) state to the conductive (on) state, and the drive pulse
@ is changed to the high level and the drive pulse @, to
the low level, thereby changing the MOS transistors for
transfer of light signal output T, T, T, into the conduc-
tive (on) statc and the MOS transistors for transfer of dark
output Ty, Tp,, Tps into the non-conductive (off) state.

As a result, charges generated and stored in the photo-
diodes 1 in the first row are transferred to the control regions
of JFETs 2. After transfer of charge the potential of each
control region of JFET 2 changes (increases in this case) by
adegree of charge amount/gate capacitance. The reason why
the transfer gates 3 change into the conductive (on) state
when the drive pulse @, is kept at the low level in FIG.
6 is that the transfer control elements 31a are of the
p-channel type and thus the polarity of the drive pulse @,
is opposite to that of the other drive pulses.

In the period t,,, similarly as in the period t,,, the drive
pulse @, is changed to the high level to bring the transfer
gates 3 in the first row into the non-conductive (off) statc
whereby the charges photoelectrically converted in the pho-
todiodes 1 are stored, and the drive pulse @, is changed to
the low level to bring the reset transistors Tgyy to Tgy into
the interrupted (off) state whereby the JFETs 2 in the first
row perform the source-follower operation.

Since during this period t,, the drive pulse @, is at the
high level, the MOS transistors for transfer of light signal
output T, Ts,, Ty, are kept in the conductive state (on), and
output (signal output) voltages corresponding to potentials
after the charges are transferred to the control regions of the
respective JFETs 2 are stored in the capacitors for storage of
light signal output Cg;, Cs,, Cgs. In the period t, 5, the drive
pulses @rpq, Prg, Prg are each changed to the low level
and the drive pulse @, to the high level, so that the output
voltages (image signals) stored in the capacitors for storage
of light signal output Cy, to Cg; and capacitors for storage
of dark output C,; to C,; are ready to be output to the
output terminals Vg, Vop.

‘T'hen sequentially outputting the drive pulses @, t0 @y
from the horizontal scanning circuit 40 and the drive pulse
D from the drive pulse generating circuit 43, the image
signals stored in the capacitors for storage of light signal
output Cg, to Cg; and the capacitors for storage of dark
output Cp, to Cp; arc rcad out into the horizontal rcading
lines of signal output line 38 and dark output line 39,
respectively, then, the image signals are output from the
terminals V5, Vo p, while horizontal reading lines of signal
output line 38 and dark output line 39 are reset.

The image signals obtained from the output terminals
Vs, Vop are subjected to arithmetic processing by an
external arithmetic circuit not shown. 'This is effected as
follows. Since an image signal obtained from the output
terminal Vg contains a charge component (S) and a dark
component (D) and an image signal obtained from the
output terminal V,,, contains only the dark component (D),
only the image signal according to the charge component (S)
is extracted by the arithmetic processing of the image signals
obtained from the output terminals V4, V, (by subtraction
processing (Vos—Von)).

The above reading operation for the first row in the
periodst,, tot, is repeated similarly for the second row and
the third row in the periods t,; to t,5 and in the periods t5;
to t,5, respectively. Since the photoelectric conversion appa-
ratus in the first embodiment is arranged in such a manner
that the reset element 315 is provided for each pixel 31 and
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the reset drains 4 are arranged in parallel with each other in
each row, the reset operation becomes very fast and the total
time of the periods t,; to t;s, t,; to t,s, ty; to ty5 becomes
shorter than those of the conventional photoelectric conver-
sion apparatus.

Embodiment 6

FIGS. 7A to 7C are schematic structural drawings to show
the photoelectric conversion element according to Embodi-
ment 6 of the present invention, wherein FIG. 7A is a plan
view of the schematic structure to show the photoelectric
conversion element, FIG. 7B a cross section along X1-X2
line in FIG. 7A, and FIG. 7C a cross section along Y1-Y2
line in FIG. 7A. The photoelectric conversion element
shown in FIGS. 7A to 7C is most different from the
photoelectric conversion elements shown in FIG. 1 to FIG.
4 in that a gate electrode 50 is formed for controlling the
control region of JFET 2 by capacitive coupling in JFET 2
(the amplilying portion). The other structure of this photo-
electric conversion element is the same as the photoelectric
conversion element shown in FIG. 1. A gate line 51 is
formed as shown in FIG. 7A.

In ordinary JFET 2, the gate electrode 50 for controlling
the control rcgion by capacitive coupling is formed.
However, the photoelectric conversion elements shown in
FIG. 1 to FIG. 4 exclude the gate electrode 50. The differ-
ences due to the formation of gate electrode 50 will be
explained in the next description of a photoelectric conver-
sion apparatus having photoelectric conversion elements
(FIGS. 7A to 7C) arranged in a two-dimensional matrix
where the gate electrode 50 is formed.

The photoelectric conversion element shown in FIGS. 7A
to 7C is the same as the photoelectric conversion element
shown in FIGS. 1A to 1C except that the gate electrode 50
is formed. If the structures of photodiode 1 and JFET 2 of the
photoelectric conversion element shown in FIGS. 7A to 7C
are replaced by the structures of photodiode 1 and JFE'T 2 of
the photoelectric conversion element shown in FIGS. 2A to
2C, the photoelectric conversion element thus obtained
becomes the same as the photoelectric conversion element
shown in FIGS. 2A to 2C except that the gate electrode 50
is formed. Further, if the element isolation region 21 of the
predetermined conductivity type is formed between the
mutual regions of the photodiode 1, JFET 2, and reset drain
4 of the photoelectric conversion element shown in FIGS.
7Ato 7C, it becomes the same as the photoelectric conver-
sion element shown in FIGS. 3A to 3C except that the gate
electrode 50 is formed. The description of the same portions
is thus omitted herein.

Embodiment 7

FIG. 8 is a circuit diagram to show the schematic structure
of the photoelectric conversion apparatus according to
Embodiment 7 of the present invention, in which the pho-
toelectric conversion elements shown in FIGS. 7A to 7C are
arranged in a two-dimensional matrix. Comparing FIG. 8
with FIG. 5 (Embodiment 5), the photoclectric conversion
apparatus shown in FIG. 8 is arranged in such a manner that
the gate electrodes 50 of JFETs 2 forming the respective
pixels (photoelectric conversion elements) 31 in each row
are connected in common to the vertical scanning circuit 34.
The gate electrodes 50 are pulse-driven.

In the photoelectric conversion apparatus as explained in
FIG. 5 the reset drains 4 were pulse-driven instead of the
above gate electrodes 50, because no gate electrodes 50 were
formed in the JFETs 2. It is, however, noted that the
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photoelectric conversion apparatus explained in FIG. 5 can
obviate a need to form wiring to the gate electrodes 50
because no gate electrodes 50 are formed in the JFETs 2.
Accordingly, the capacitance of each control region of JFET
2 can be decreased because of the absence of the gate
electrode 50, thus presenting an advantage that the sensitiv-
ity can be cnhanced.

In contrast, the photoelectric conversion apparatus shown
in FIG. 8 has an advantage that the reset drains 4 do not have
(o be pulse-driven because the gale electrodes 50 are [ormed
in the JFETs 2.

In the photoclectric conversion apparatus shown in FIG.
8, cach pixel 31 is composed of a photodiode 1 for gener-
ating and storing a charge according to incident light, a gate
electrode 50 for controlling the control region by capacitive
coupling, a JFET 2 for producing a signal output according
to the charge received by the control region, a transfer
control element (p-channel MOSFET) 314 having a transfer
gate 3 for transferring the charge generated and stored in the
photodiode 1 to the control region of JFET 2, a reset drain
4 for draining the charge transferred to the control region of
JFET 2, and a resel clement (p-channel MOSFET) 316
having a reset gate 5 for controlling the reset drain 4.

The sources of JFETs 2 in cach column of the matrix
arrangement are connected in common to the vertical source
line 32a, 32b, 32¢. All the pixels are connected in common
to the drain power-supply 31c through a wiring (not shown)
or diffusion layer on the drain side of each JFET 2 and on
the cathode side of photodiode 1. Further, the anode side of
each photodiode 1 and the control region of JFET 2 each are
connected to the source or the drain of the transfer control
element 31a.

The transfer gates (transfer gate clectrodes) 3 of the
transfer control elements 31a are connected in common in
each row of the matrix arrangement to the clock line 33a,
33b, 33c¢ to be scanncd by the vertical scanning circuit 34,
and with application of the drive pulse @, 10 P54 sent
from the above vertical scanning circuit 34 the transfer
control elements 31a are sequentially operated in each row.

The gate electrodes 50 in JFETs 2 are connected in
common in each row of the matrix arrangement to the clock
line 35a, 35D, 35¢ to be scanned by the vertical scanning
circuit 34, and the JFE'LS 2 are sequentially operated in each
row when the drive pulse ®;,—®s, sent from the above
vertical scanning circuit 34 is applied thereto.

A reset element 31b is given for each pixel 31, and reset
drains 4 of all the pixels are connected in common to the
power-supply voltage Vg, through a row line 36. The reset
gates (reset gate electrodes) 5 of the all pixels are also
connected in common through the row line 374 to the drive
pulse generaling circuit 37. The source ol each resel element
31b is formed in common with the drain of transfer control
element 31a. When a drive pulse ®g,; sent from the drive
pulse generating circuit 37 is applied to the reset gate 5, this
reset element 315 is arranged to operate, thus initializing the
control region of JFET 2.

The above vertical source line 32a, 32b, 32¢, on one hand,
is connected in each column through a MOS transistor for
transferring the light signal output Ty, Ty, T4 and through
MOS (ransistor [or transferring a dark output T, Tp,, Tps
to one electrode of the capacitor for storing the light signal
output (second memory element) Cy,, C,, Cy5 and to one
electrode of the capacitor for storing the dark output (first
memory element) Cp,, Cp,, Cp; and then is connected
through the MOS transistors for selection of horizontal
reading Trs1, Tases Tasss Tap1 Tapes Taps to the signal
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output line 38 and the dark output line 39. Generally,
parasitic capacitances Cgg, Cgyp eXist in the signal output
line 38 and dark output line 39. A buffer amplifier 384, 39a
is connected to one end of each of the signal output line 38
and dark output line 39.

The above signal output line 38 and dark output line 39
are connected to the drains of MOS transistors for resetting
the signal output lines Tgpe, Trep, respectively, and the
sources of MOS transistors Ty, Tx,y, are grounded (GND)
as being connecled (o the other electrodes of the above
capacitors for storing the light signal output Cg,, Cs,, Cgs
and capacitors for storing the dark output C,,,, C,, Cps.
When a drive pulse @y sent from the drive pulse generating
circuit 43 is applied to the gate electrodes of the MOS
transistors for resetting the signal output lines Trzs, Trzns
the MOS transistors Tgg, Trgp are arranged to start oper-
ating.

A horizontal selection line 40a, 40b, 40c connected to a
horizontal scanning circuit 40 in each column is connected
in common to the gate electrodes of the MOS transistors for
selection of horizontal reading Tyg1, Trgor Tass and Tepq,
Tapas Trpss 50 that horizontal reading may be controlled by
a drive pulse @, to Dy, sent from the horizontal scanning
circuit 40.

The gate electrodes of the above MOS transistors for
transferring the light signal outpnts Ty, Ts,, Tss are con-
nected through a clock line for light signal 41a and the gate
electrodes of the above MOS transistors for transferring the
dark outputs T, Tp., Tps are connected through a clock
line for dark output 42a, each to a drive pulse generating
circuit 41 or 42. When a drive pulse @ or @, sent from
the drive pulse generating circuit 41 or 42 is applied to the
gate electrodes through either line, these MOS transistors for
transmission ol light signal output Tg;, Ts,, Tgy and MOS
transistors for transmission of dark output Ty, Tp,, Tp5 are
arranged alternately to operate in a predetermined order.

The above vertical source line 32a, 32b, 32¢ in each
column, on the other hand, is connected to the drain of a
transistor for reset Tgy, Tryn, Trys and to a constant current
source for source-follower reading 44a, 44b, 44c. A power-
supply voltage V- is supplied to the source of each reset
transistor Try, Tryns Tryss and a power-supply voltage V¢
is supplied to the constant current sources for source-
follower reading 44a, 44b, 44c.

Areset pulse @, is supplied to the gate electrodes of the
reset transistors Try+, Trym, Trys, and with a change of this
reset pulse @, to the high level the reset transistors Ty,
Tryns Trys become on so as to ground the vertical source
lines 32a, 32b, 32¢ (when Vg, =GND).

The constant current sources for source-follower reading
44a, 44b, 44¢ control the time constant of source-follower
operation, and also suppress variations of the time constant
due to fluctuations of bias point for every pixel 31 to
equalize the gains, thus suppressing FPN.

The operation of the photoelectric conversion apparatus
according to Embodiment 7 of the present invention shown
in FIG. 8 is next explained referring to the pulse timing chart
shown in FIG. 9. In FIG. 9, the period between t,; and t,s
represents the reading operation of pixels 31 in the first row,
and therealler the periods belween L,; and L,5 and belween
t5; and t;5 correspond to the second row and the third row,
respectively. Further, t,; to t,, each are so defined that t,, is
the period for the initialization operation of JFET 2, t,,, the
period for the source-follower operation ot JFET 2 in the
first row after initialization, t,; the period for the transfer
operation of signal charge from the photodiode 1 to the JFET
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2 in the first row, and tq, the period for the source-follower
operation of JFE'l' 2 after transfer, and these four operations
are carried out in the horizontal blanking period. Further, t,
is the image signal output period.

First, as shown in FIG. 9, in the period t,, the drive pulses
Dr; and D, are changed to the high level whereby the
reset gates 5 of the respective pixels 31 are changed from the
conductive (on) state into the non-conductive (off) state and
the MOS transistors for transfer of dark output T,,;, T,,,
T are changed into the conduclive (on) slale.

As a result, the control regions of all JFETs 2 come to
have the potential of thc power-supply voltage Vg, con-
nected through the reset drains 4 and the row line 36 so as
to be initialized (the charges are drained), thus turning to a
floating state. The reason why the drive pulse @y to the
reset gates 5 is at the high level to keep the reset gates 5 in
the non-conductive state (off) is that the polarity is opposite
to that of the other drive pulses because the reset elements
31b are of the p-channel type.

Next at the start of the period t,,, the drive pulse @, is
changed to the high level to raise the potential of the gate
electrodes of JFETS 2 in the first row, whereby the JFETs 2
in the first row are selected (on) and the JFETS in the second
and the other rows arc not sclected (off). Namely, when the
reset gates 5 are in the non-conductive state (off), selection
(on) or non-selection (off) of JFETs 2 is effected depending
upon whether the drive pulse (®gq, P, Py5) is sent to a
row of the gate electrodes of JFETS or not.

At the same time (at the start of period t,,), the drive pulse
Dy is changed to the low level to bring the reset transistors
T'rvy t0 Trys into an interrupted (off) state, and the JFETs 2
in the first row perform the source-follower operation in this
period t,,. During this period t,, the drive pulse @, is at the
high level to keep the MOS transistors for transfer of dark
output T, T,,, Tp5 in a conductive state (on) and output
(output at dark) voltages corrcsponding to thc potentials
immediately after the initialization of the control regions of
the JFETs 2 are stored in the capacitors for storage of dark
output Cpq, Cpa, Cpa.

In the period t,,, the drive pulse @, is turned to the low
level to bring the transfer gates 3 from the non-conductive
(off) state into the conductive (on) state, and the drive pulse
@, is changed to the high level and the drive pulse ®,,, to
the low level, thereby changing the MOS transistors for
transfer of light signal output T, T§,, T, into the conduc-
tive (on) state and the MOS transistors for transfer of dark
output T,,, T,,, Tp5 into the non-conductive (off) state.

As a result, charges generated and stored in the photo-
diodes 1 in the first row are transferred to the control regions
of JFETs 2. After transfer of charge the potential of each
control region of JILT 2 changes (increases in this case) by
adegree of charge amount/gate capacitance. The reason why
the transfer gates 3 are in the conductive state (on) when the
drive pulsc @144 1s kept at the low level in FIG. 9 is that the
transfer control elements 31a are of the p-channel type and
thus the polarity is opposite to that of the other drive pulses.

In the period t,,, similarly as in the period t,,, the drive
pulse @, is changed to the high level to bring the transfer
gates 3 in the first row into the non-conductive (off) state
whereby the charges photoelectrically converted in the pho-
todiodes 1 are kept as stored, and the drive pulse @, is
changed to the low level to bring the reset transistors Txy,
to Trys to the interrupted (off) state whereby the JFETs 2 in
the first row perform the source-follower operation.

Since during this period t,, the drive pulse @ is at the
high level, the MOS transistors for transfer of light signal
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output Ty, Ts,, Ty are kept in the conductive state (on), and
output (signal output) voltages corresponding to potentials
after the charges are transferred to the control regions of the
respective JFETs 2 are stored in the capacitors for storage of
light signal output Cg,, Cg,, Cgs.

In the period t;5, the drive pulses @z, Prg, Pr are
each changed to the low level and the drive pulse @y to the
high level, so that the output voltages (image signals) stored
in the capacitors for storage of light signal output Cg, to Cg4
and capacitors for storage of dark output C,, to Cp,, are
ready to be output to the output terminals Vo5, Vop.

Then sequentially outputting the drive pulses @z to Ppyq
from the horizontal scanning circuit 40 and the drive pulse
Dy, from the drive pulse generating circuit 43, the image
signals stored in the capacitors for storage of light signat
output Cq, to Cqy and the capacitors for storage of dark
output C,, to C, are read out into the horizontal reading
lines of signal output line 38 and dark output line 39,
respectively, then, the image signals are output from the
terminals Vg, V5, while horizontal reading lines of signal
output linc 38 and dark output linc 39 arc resct.

The image signals obtained from the output terminals
Voss Vop are subjected to arithmetic processing by an
external arithmetic circuit not shown. This is effected as
follows. Since an image signal obtained from the output
terminal V,; contains a charge component (S) and a dark
component (D) and an image signal oblained [rom the
output terminal V,,,, contains only the dark component (D),
only the image signal according to the charge component (S)
is extracted by the arithmetic processing of the image signals
obtained from the output terminals Vg, V5, (by subtraction
processing (Vos—Vop))-

The above reading operation for the first row in the
periods t,, to t, 5 is repeated similarly for the second row and
the third row in the periods t,; to t,5 and in the periods t5,
10 155, respectively. Since the photoelectric conversion appa-
ratus shown in FIG. 8 is arranged in such a manner that the
reset element 315 is provided for each pixel 31 and the reset
drains 4 of all the pixels are arranged in parallel with each
other, the reset operation becomes very fast and the total
time of the periods t,; to t;s, to; to t,s, ty; to ty5s becomes
shorter than those of the conventional photoelectric conver-
sion apparatus.

Embodiment 8

FIGS. 10A-10C are schematic structural drawings to
show the photoelectric conversion element according to
Embodiment 8 of the present invention, wherein FIG. 10A

is a plan view of the schematic structure to show the :

photoelectric conversion element, FIG. 10B a cross section
along X1-X2 line in FIG. 10A, and FIG. 10C a cross section
along Y1-Y2 line in FIG. 10A. The photoelectric conversion
element according to this Embodiment 8 is different from the
above embodinients in that a depletion type MOS transistor
52 is used for the amplifying portion.

The MOS transistor performs so-called non-destructive
amplification operation without destroying the charge
(signal charge) during amplification operation, similarly as
JFET 2, and thus has a property of rarely causing FPN.
Further, the MOS (ransistor has no residual charge in (he
control region (the surface of silicon (n-type silicon layer)
under the gate electrode) upon reset of signal charge, thus
having a property of rarely causing lag and reset noise.
Accordingly, it is suitable for example for forming a solid
state image sensing device capable of performing electronic
shutter operation by keeping simultaneity in a frame.
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Embodiment 9

FIG. 11 is a circuit diagram to show the schematic
structure of the photoelectric conversion apparatus accord-
ing to Embodiment 9 of the present invention, in which the
photoelectric conversion elements shown in FIGS.
10A-10C are arranged in a two-dimensional matrix. FIG. 12
is a pulse timing chart for explaining the operation of the
circuit diagram shown in FIG. 11.

The pholoelectric conversion apparatus shown in FIG. 11
is different from the photoelectric conversion apparatus as
explained in FIG. 5 (Embodiment 5) and in FIG. 8
(Embodiment 7) in that the amplifying portions of pixels 31
are MOS transistors (MOS), the transfer gates 3 of transfer
control elements 31a of all the pixels are connected in
common through a row line 51a to the drive pulse generating
circuit 51, and the reset gates 5 of the reset elements 315 in
each row are arranged to be operated by the drive pulse
(Pr1—DPrgs) sent from the vertical scanning circuit 34
through the clock line 52a,52b, 52¢. Employing the arrange-
ment of the photoelectric conversion apparatus shown in
FIG. 11, the photoclectric conversion apparatus can rcalize
the electronic shutter operation with simultaneity in a frame.

Now, the operation of the photoelectric conversion appa-
ratus shown in FIG. 11 is explained referring to the pulse
timing chart shown in FIG. 12. First, as shown in FIG. 12,
in the period t,, the drive pulses @, and Og;—DPrss are
changed to the low level, whereby the transfer gates 3 and
reset gates 5 of the respective pixels 31 are changed from the
non-conductive (off) state into the conductive (on) state.

As a result, not only the control regions of the MOS
transistors (MOS) but also the photodiodes 1 are electrically
connected to the reset drains 4, whereby the photodiodes 1
are depleted to be initialized and the control regions of the
MOS transistors (MOS) are initialized to the potential of the
reset drains 4.

Then, in the period t;; the drive pulses ®,; and
Dp1—Prss are changed to the high level to change the
transfer gates 3 and reset gates 5 of the respective pixels 31
into the non-conductive (off) state and to bring the photo-
diodes 1 into a charge storing state. I'he period t,; becomes
a shutter time.

Next, in the period t,,, the drive pulses ®p;1—Prs5 are
again set to the low level to change the reset gates 5 of the
respective pixels 31 from the non-conductive (off) state to
the conductive (on) state. As a result, the potential of the
control regions of the MOS transistors (MOS) turn to the
potential of the reset drains 4 connected through the row line
36 to the power-supply voltage Vgp, and dark currents
occurring in the MOS transistors (MOS) during the period
t,, are eliminated, thus again initializing the MOS transistors
(MOS). This initialization operation of the MOS transistors
(MOS) is a necessary operation for long-term storage in the
photodiodes 1 in the case of image pickup in a still picture
mode.

In the period t, ; the drive pulse @, is set to the high level
to change the MOS transistors for transfer of light signal
output T, T;,, Tg into the conductive (on) state, the drive
pulses ®p;—DPrs5 are set to the high level to turn the reset
gates 5 of the respective pixels 31 into the non-conductive
(off) state, and the drive pulse @4 is set to the low level to
turn the transfer gates 3 of the respective pixels 31 into the
conductive (on) state. As a result, the charges generated and
stored in the period t,, are transferred from the photodiodes
1 to the control regions of MOS transistors.

In the periods t,, to t,, the reading operation of the pixels
31 in the first row is carried out substantially in the same
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manner as in the photoelectric conversion apparatus shown
in FIG. 5 and FIG. 8. Namely, the operation in the periods
t,4—t, In the photoelectric conversion apparatus shown in
FIG. 11 corresponds to the operation in the periods t;,—t,5 in
the photoelectric conversion apparatus shown in FIG. § and
FIG. 8.

Namely, in the period t,, of the photoelectric conversion
apparatus shown in FIG. 10, the drive pulse @, is set to the
high level to raise the potential of the gate electrodes
operaled by capacilive coupling, and the drive pulse @ gy 1s
set to the low level to turn the reset transistors Try—Tgrys
into the interrupted state (off), whereby the MOS transistors
(MOS) in the first row perform the source-follower opera-
tion (charge amplification operation by capacitive load).
Here, selection (on) or non-selection (off) of MOS transis-
tors (MOS) in each row is determined by the drive pulses
(D;—P;5) to the gate electrodes.

During this period t,, the drive pulse ®y is already set at
the high level so as to keep the MOS transistors for transfer
of light signal output Ty, Ts,, Ty, in the conductive state
(on), and output (signal output) voltages corresponding to
polentials aller the charges are (ransferred Lo the control
regions of MOS transistors are stored in the capacitors for
storage of light signal output Cg,, Cs,, Cgs.

Next, in the period t,5, the drive pulse ®;,, is set to the
high level to turn the MOS transistors for transfer of dark
output T, Tp,, Tp; into the conductive state (on), and the
drive pulse @ to the low level to turn the reset gates 5 in
the first row into the conductive state (on), whereby the
control regions of the MOS transistors (MOS) in the first
row are reset (the charges are drained).

Further, in the period t,¢, the drive pulse @, is again set
to the low level to turn the reset transistors Tgy—T gy Into
the interrupted state (off), and the MOS transistors (MOS) in
the first row perform the source-follower operation after
resct.

During this period t, 4 the drive pulse @4, is already set
at the high level to keep the MOS transistors for transfer of
dark output Tj,,, Tp,, Tps in the conductive state (on), and
output (output at dark) voltages corresponding to the poten-
tials after reset of the control regions of MOS transistors
(MOS) are stored in the capacitors for storage of dark output
Cp1> Cpas Cpa.

Then in the period t,, the drive pulses @4, Py, are set
cach to the low level and the drive pulse @y to the high
level so as to get ready to output the output voltages (image
signals) stored in the capacitors for storage of light signal
output Cg;—Cg4 and the capacitors for storage of dark output

Cp1—Cps to the output terminals Vg, V,p. Then sequen- s

tially outputting the drive pulses ®,,,—®,,, from the hori-
zontal scanning circuit 40 and the drive pulse Dgy, from the
drive pulse generating circuit 43, the image signals stored in
the capacitors for storage of light signal output Cg,—Cg, and
the capacitors for storage of dark output C,,—Cp5 arc
transferred to the horizontal reading lines of signal output
line 38 and dark output line 39, respectively, then the image
signals are output from the terminals Vg V,,, while
horizontal reading lines of signal output line 38 and dark
output line 39 are reset.

The above completes the reading operation of the first
row, and the reading operation is then carried out for the
second row in the periods t,,—t,- and for the third line in the
periods ty,~ts;.

The photoelectric conversion apparatus shown in FIG. 11
was explained as to the case of image pickup mainly of still
pictures, but the apparatus can be applied to the cases for
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picking up a moving picture. Namely, the electronic shutter
operation can be applied to the cases for picking up the
moving picture. However, in the cases for picking up the
moving picture, the operation in the periods t,,—t,5 shown in
FIG. 12 (among which the period t,, is not necessary in the
case of the moving picture) needs to be performed within the
vertical blanking period. Thus, there is a certain limitation
on the variable range of shutter speed.

The photoelectric conversion apparatus shown in FIG. 11
(capable of performing the electronic shutter operation with
simultaneity in a frame) can employ not only the MOS type
photoelectric conversion elements, but also the JFET type or
the bipolar type photoelectric conversion elements, as long
as they are constructed in the structure operable by capaci-
tive coupling. However, the most preferred elements are the
MOS typc photoclectric conversion clements causing no
reset noise, because the reset operation is interposed
between two source-follower operations.

Embodiment 10

FIGS. 13A to 13C are schematic structural drawings to
show the photoelectric conversion element according to
Embodiment 10 of the present invention, wherein FIG. 13A
is a plan view of the schematic structure to show the
photoelectric conversion element, FIG. 13B a cross section
along X1-X2 line in FIG. 13A, and FIG. 13C a cross section
along Y1-Y2 line in FIG. 13A. The photoelectric conversion
element shown in FIGS. 13A to 13C is different from the
above embodiments in that a bipolar transistor 53 is used for
the amplifying portion. The emitter 54, collector 55, and
base 56 are constructed as shown in the drawings, and the
emitter electrode 57 and emitter line 58 are formed as
shown.

In the bipolar transistor 53 shown in FIGS. 13A to 13C,
the collector region is formed in the silicon (n-well region
14) surlace layer part without [orming the n*-lype buried
collector or the collector using the high-concentration n-type
substrate usually used. This arrangement thus enables the
combination of the bipolar transistor 53 with the photodiode
1 in the vertical overflow structure, which can suppress the
variations in the output signals due to blooming, smear or
the like.

Since Embodiment 10 excludes the electrode for driving
the base region by capacitive coupling, the capacitance of
the control region beconies small and high sensitivity can be
secured.

Embodiment 11

FIGS. 14A to 14C are schematic structural drawings to
show the photoelectric conversion element according to
Embodiment 11 of the present invention, wherein FIG. 14A
is a plan view of the schematic structure to show the
photoelectric conversion element, FIG. 14B a cross section
along X1-X2 line in FIG. 14A, and FIG. 14C a cross section
along Y1-Y2 linc in FIG. 14A. In the photoclectric conver-
sion element shown in FIGS. 14A-14C, a metal line con-
nected to the reset-purpose charge draining means (reset
drain 4) also serving as a light-shielding film (aluminum film
20) may be connected directly to the p-type reset drain
region 15 through a contact hole 59, which is different from
FIGS. 1A to 1C in Embodiment 1.

In each of the above embodiments the transfer control
element 31a and reset element 315 were explained as MOS
type field effect transistors (MOSFETS), but the same effects
can be attained when they are formed as bipolar transistors.

As explained above, the photoelectric conversion ele-
ments according to the present invention are provided with
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the reset-purpose charge draining means for draining the
charge transferred to the control region of the amplifying
portion and the above reset-purpose control means, which
presents the effect that the reset operation can be performed
without operating the amplifying portion.

This achieves the effect to suppress the variations of the
amplification factor due to large transient fluctuations of bias
point (operating point) of the amplifying portion with flow
of a large current in the amplifying portion itself.

Since the photoelectric conversion elements according to
the present invention have the amplifying portion formed of
the ficld cffect transistor (FET), they have the cffects that the
charge (signal charge) is not destroyed in the amplifying
operation and occurrence of fixed pattern noise (FPN) can be
suppressed.

Further, the photoelectric conversion elements according
to the present invention have the effects of increases of the
aperture ratio and the degree of integration, because the
element isolation region of the predetermined conductivity
type is formed between the mutual regions of the photo-
electric conversion portion, the amplifying portion, the
transfer control portion, the reset-purpose charge draining
means, and the reset-purpose control means.

Since in the photoelectric conversion elements according
to the present invention the metal interconnection connected
to the reset-purpose charge draining means is formed as a
light-shielding [ilm [or shielding iucident light to the ampli-
fying portion, the transfer control portion, the reset-purpose
charge draining means, and reset-purpose control means,
they also have the effect of suppressing the phenomenon of
blur such as blooming due to obliquely incident light.

Since in the photoelectric conversion elements according
to the present invention the photoelectric conversion portion
is the buried photodiode in the vertical overflow structure,
they have the effects of suppressing the phenomenon of blur
such as blooming and smear and achieving ideal character-
istics by suppressing the dark current, lag, and reset noise.

Since the photoelectric conversion elements according to
the present invention are constructed in such a structure that
the channel forming portion of the amplifying portion of the
photoelectric conversion element is formed of the first
conductivity type shallow gate region, the second conduc-
tivity tvpe shallow channel region, the first conductivity type
gate region, the second conductivity type well region, and
the first conductivity type semiconductor substrate in order
from the semiconductor surtace toward the inside of sub-
strate. Therefore, the elements have the effects that the
degree of integration and the aperture ratio can be improved
and the sensitivity can be enhanced.

The photoelectric conversion elements according to the
present invention are construcled in such a structure that the
channel forming portion of the amplifying portion of the
photoelectric conversion element is formed of the first
conductivity type shallow gate region, the second conduc-
tivity type shallow channel region, the first conductivity type
gate region, the second conductivity type well region, and
the first conductivity type semiconductor substrate in order
from the semiconductor surface toward the inside of sub-
strate and that the first conductivity type shallow gate region
is electrically connected with the first conductivity type gate
region. Therefore, the elements have the effects that the
degree of integration and the aperture ratio can be improved
and the sensitivity can be enhanced.

As explained above, the photoelectric conversion appa-
ratus according to the present invention is constructed in
such an arrangement that the photoelectric conversion ele-
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ments with the reset-purpose charge draining means for

draining the charges transferred to the control regions of the

amplifying portions and the above reset-purpose control
means are arranged in a two-dimensional matrix, and thus
have the effects of suppressing degradation of performance

(for example, S/N ratios) of the apparatus and of increasing

dissipation power.

The photoclectric conversion apparatus according to the
present invention has the effect of performing a high-speed
reset operation, because the photoelectric conversion appa-
ratus is constructed in such a manner that the reset-purpose
charge draining mcans of the photoclectric conversion cle-
ments arrayed in the horizontal scanning direction are
arranged in parallel to each other.

The photoelectric conversion apparatus according to the
present invention is constructed in such an arraugement that
the apparatus has the first memory means for storing signal
outputs for one horizontal line immediately after the control
regions of the above amplifying portions are initialized
according to verlical scanuiug and the second memory
means for storing signal outputs for one horizontal line
immediately after the above charges are transferred to the
control regions of the above amplifying portions according
lo vertical scanning and that the apparatus oblains differ-
ences between the signal outputs stored in these memory
means. Therefore, the apparatus has the effect that the signal
outputs according to only the photogenerated charge com-
ponents can be obtained.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended to be
included within the scope of the following claims.

The basic Japanese Application No. 60034/1995 filed on
Feb. 24, 1995 is hereby incorporated by reference.

What is claimed is:

1. A photoelectric conversion element comprising:

a photoelectric conversion portion for generating a charge
according to incident light and storing the charge
therein;

an amplifying portion having a control region for gener-
ating a signal output according to the charge received
in the gate region from said photoelectric conversion
portion;
transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion;
a reset control region for draining the charge transferred
to the control region of said amplifying portion; and
reset control electrode for controlling the electrical
connection between said reset control region and the
control region of said amplifying portion,
wherein said amplifying portion is comprised of a junc-

tion field effect transistor having a vertical semicon-
ductor structurc composcd of a first conductivity typc
gate region, a second conductivity type channel region,
and a first conductivity type semiconductot substrate, in
order from the semiconductor surface toward the inside
of the semiconductor substrate.

2. A photoelectric conversion element, comprising:

a photoelectric conversion portion for generating a charge
according to incident light and storing the charge
therein;

an amplifying portion having a control region for gener-
ating a signal output according to the charge received
in the control region from said photoelectric conversion
portion;

o
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a transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion;

a reset control region for draining the charge transferred
to the control region of said amplifying portion; and

a reset control electrode for controlling the electrical
connection between said reset control region and the
control region of said amplifying portion,

wherein said amplifying portion is a junction field effect
transistor having a vertical semiconductor structure
composed of a first conductivity type shallow gate
region, a second conductivity type shallow channel
region, a first conductivity type gate region, a second
conductivity type well region, and a first conductivity
type semiconductor substrate in the order from the
semiconductor surface toward the inside of the semi-
conductor substrate.

3. A photoelectric conversion element, comprising:

a photoelectric conversion portion for generating a charge
according to incident light and storing the charge
therein;

an amplifying portion having a control region for gener-
ating a signal output according to the charge received
in the control region from said photoelectric conversion
portion;

a transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion;

a reset control region for draining the charge transferred
Lo the control region of said amplilying portion; and

a reset control electrode for controlling the electrical
connection between said reset control region and the
control region of said amplifying portion,

wherein said amplifying portion is a junction field effect
transistor having a vertical semiconductor structure
composed of a first conductivity type shallow gate
region, a second conductivity type shallow channel
region, a first conductivity type gate region, a second
conductivity type well region, and a first conductivity
type semiconductor substrate in the order from the
semiconductor surface toward the inside of the semi-
conductor substrate, and wherein said first conductivity
type shallow gate region and said first conductivity type
gate region are electrically connected with eacli other in
a portion other than the channel forming portion.

4. A photoelectric conversion element, comprising:

a photoelectric conversion portion for generating a charge

according to incident light and storing the charge :

therein;

an amplifying portion having a control region for gener-
ating a signal output according to the charge received
in the control region from said photoelectric conversion
portion;

a transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion;

a reset control region for draining the charge transferred
to the control region of said amplifying portion; and

a reset control electrode for controlling the electrical
connection between said reset control region and the
control region of said amplifying portion,

wherein said photoelectric conversion portion is a buried
photodiode having a vertical overflow structure,
wherein said amplifying portion is a junction field
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cffect transistor having a vertical semiconductor struc-
ture composed of a first conductivity type shallow gate
region, a second conductivity type shallow channel
region, a first conductivity type gate region, a second
conductivity type well region, and a first conductivity
type semiconductor substrate in the order from the
semiconductor surface toward the inside of the semi-
conductor substrate, wherein said first conductivity
type shallow gate region and said first conductivity type
gate region are electrically connected with each other in
a portion other than the channel forming portion, and
wherein an impurity concentration of said first conduc-
tivity type gate region is different from an impurity
concentration of a charge storing portion of said buried
photodiode.

5. The photoelectric conversion element according to
claim 4, wherein the impurity concentration of said first
conductivity type gate region is in the range of 6x10'> cm™>
to 3x10'® cm™ and the impurity concentration of said
charge storing portion of the buried photodiode is in the
range of 5x10%° ecm™ to 3x101¢ cm3.

6. A photoclectric conversion apparatus comprising:

a plurality of photoelectric conversion elements arranged
in a two-dimensional matrix, each said photoelectric
conversion element comprising a photoelectric conver-
sion portion for generating a charge according to inci-
dent light and storing the charge therein, an amplifying
portion having a control region for generating a signal
output according to the charge received in the control
region from said photoelectric conversion portion, a
transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion,
a reset control region for draining the charge trans-
ferred to the control region of said amplifying portion,
and a reset control electrode for controlling the elec-
trical connection between said reset control region and
the control region of said amplifying portion;

a vertical scanning circuit; and

a pulse drive source;

wherein each of transfer control portions and reset control
regions of said photoelectric conversion elements is
respectively connected commonly along a horizontal
scanning direction, thereby connecting to said vertical
scanning circuit for pulse driving, and

wherein a reset control electrode of each of said photo-
electric conversion elements is connected commonly to
said pulse drive source.

7. A photoelectric conversion apparatus comprising:

a plurality of photoelectric conversion elements arranged
in a two-dimensional matrix, cach said photocleetric
conversion element comprising a photoelectric conver-
sion portion for generating a charge according to inci-
dent light and storing the charge therein, an amplifying
portion having a control region for generating a signal
output according to the charge received in the control
region from said photoelectric conversion portion, a
transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion
resel control region [or draining (he charge transferred
to the control region of said amplifying portion, and a
reset control electrode for controlling the electrical
connection between said reset control region and the
control region of said amplifying portion, and a control
means for controlling the control region of said ampli-
fying portion by capacitive coupling;
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vertical scanning circuit;
pulse drive source; and
power supply;

wherein each of transfer control portions and control

=]

a

a
a
a

means [or controlling the control regions of said ampli-
fying portions by capacitive coupling of said photo-
electric conversion elements is respectively connected
comnionly along a horizoutal scanuing direction,
thereby connecting to said vertical scanning circuit for
pulse driving, and wherein a reset control electrode and
a reset control region of each of said photoelectric
conversion elements is respectively connected
commonly, such that each of said reset control elec-
trodes is connected to said pulse drive source and each
of said reset control regions is connected to said power
supply.

. A photoelectric conversion apparatus comprising:

plurality of photoelectric conversion elements arranged
in a two-dimensional matrix, each said photoelectric
conversion element comprising a photoelectric conver-
sion portion for generating a charge according to inci-
dent light and storing the charge therein, an amplifying
portion having a control region for generaling a signal

output according to the charge received in the control ,

region from said photoelectric conversion portion, a
transfer control portion for transferring the charge
generated and stored in said photoelectric conversion
portion to the control region of said amplifying portion,
a reset control region for draining the charge trans-
ferred to the control region of said amplifying portion,
a reset control electrode for controlling the electrical
conncction between said reset control region and the
control region of said amplifying portion, and a control
means for controlling the control region of said ampli-
fying portion by capacitive coupling;

vertical scanning circuit;

pulse drive source; and

power supply;

wherein a control means for controlling the control region

of said amplifying portion by capacitive coupling and

)
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a reset control electrode of each of said photoelectric
conversion elements is respectively connected com-
monly along a horizontal scanning direction, thereby
connecting to said vertical scanning circuit for pulse
driving, and

wherein each of transfer control portions and reset control

regions of each of said photoelectric conversion ele-
ments is respectively connected commonly, such that
each of said transfer control portions is connected to
said pulse drive source and each of said resel control
regions is connected to said power supply.

9. A photoelectric conversion apparatus comprising:
a plurality of photoelectric conversion elements arranged

in a two-dimensional matrix, each said photoelectric
conversion element comprising a photoelectric conver-
sion portion for generating a charge according to inci-
dent light and storing the charge therein, an amplifying
portion having a control region for generating a signal
output according to the charge received in the control
region from said photoelectric conversion portion, a
transfer control portion for transferring the charge
generaled and stored in said pholoelectric conversion
portion to the control region of said amplifying portion,
a reset control region for draining the charge trans-
ferred to the control region of said aniplifying portion,
and a reset control electrode tor controlling the elec-
trical connection between said reset control region and
the control region of said amplifying portion;

a vertical scanning circuit for commonly driving said

photoelectric conversion elements along a horizontal
scanning direction;

first memory means for storing signal outputs for one

horizontal line immediately after control regions of said
amplifying portions are initialized according to vertical
scanning; and

sccond memory means for storing signal outputs for onc

horizontal line immediately after said charges are trans-
ferred to the control regions of said amplifying portions
according to vertical scanning.
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Claim 12

a third step of forming (F) a gate electrode on the gate insulating film; after the third step, a fourth step of forming (X) an insulating
film on the substrate; a fifth step of anisotropically etching the insulating film so as to form (X1) first sidewalls on both side surfaces
of the gate electrode and form (X2) second sidewalls on a side surface of a step portion in the boundary between the trench isolation

and the active area; and

The gate electrode (F) is formed on the gate insulating film (D).
An insulating film (X) is etched to form first sidewalls (X1) on the gate electrode
(F) and second sidewalls (X2) on the step between the STI and active areas.

(X)

(F)
(X2) (X1)

/ (X1) \
v v D

_

(A) a trench isolation (A) (A)

(D) a gate insulating film

PRELIMINARY INFRINGEMENT CONTENTIONS — SUBJECT TO CHANGE
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Claim 1

such that a sum perimeter of (B) the first linear pattern, (E) the second linear pattern, and (G) the dummy pattern per unit area is
equal to or less than a perimeter of (B) the first linear pattern per unit area.

The first linear pattern (B) density is greater than the average pattern density of (B) the first linear pattern, (E) the second
linear pattern, and (G) the dummy pattern.

(B) O (@ (©)
N
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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

GODO KAISHA IP BRIDGE 1, Case No. 1:16-cv-00290-MN
Plaintiff,

V.

OMNIVISION TECHNOLOGIES, INC., DECLARATION OF DR. JACK C. LEE,
PH.D., IN SUPPORT OF DEFENDANT
Defendant. OMNIVISION TECHNOLOGIES, INC.’S
ANSWERING CLAIM CONSTRUCTION
BRIEF

I, Dr. Jack C. Lee, declare as follows:
L Personal Background

1. I am a professor in the Electrical and Computer Engineering Department at The
University of Texas at Austin. I have over 35 years of experience as a researcher, educator, and
consultant in the field of semiconductor process technology and semiconductor design. I have
attached a current copy of my curriculum vitae (“CV”), a true and correct copy of which is
attached as Exhibit A. The relevant highlights are summarized below.

2. I received a B.S. degree in Electrical Engineering, with highest honors, in 1980,
and an M.S. degree in Electrical Engineering in 1981, both from the University of California,
Los Angeles. I received a Ph.D. degree in Electrical Engineering in 1988 from the University of
California, Berkeley (“UC Berkeley”).

3. From 1979 to 1984, 1 was a Member of Technical Staff at the TRW
Microelectronics Center, in the High-Speed Bipolar Device Program. I worked on bipolar
device/circuit design, fabrication, and testing. I was promoted to Engineering Group Leader

level in 1983.
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4. After receiving my Ph.D. in August 1988, I joined the faculty at The University
of Texas at Austin (“UT Austin”). As a faculty member, I have taught numerous courses in
semiconductor device fabrication and design, at both the undergraduate and graduate levels. 1
have supervised 40 students who received a doctoral degree under my guidance. I am
currently the Cullen Trust for Higher Education Endowed Professor in Engineering in the
Department of Electrical and Computer Engineering at UT Austin.

5. My current research interests include: semiconductor fabrication processes
including device isolation and contact formation; semiconductor device characterization and
modeling; dielectric processes, characterization and reliability; high-K gate dielectrics and metal
gate electrodes in semiconductor devices (“CMOS/MOSFETs”); and alternative transistor
channel materials. My research has been partially supported by grants from the National Science
Foundation, the Texas Advanced Research Program, the Semiconductor Research Corporation
(“SRC”), SEMATECH, Texas Emerging Technology Funds, and others. My research is
conducted in our nanofabrication facility with approximately 12,000 sq. ft. of Class 1000/100
clean room space, which is located in the Microelectronics Research Center (“MRC”) at The
University of Texas at Austin. The MRC is equipped with state-of-the-art equipment for
nanofabrication including a CMP machine, capability for nanoscale lithography, etching,
deposition of various materials such as polysilicon, insulator, and metal, silicide layer formation,
etc. Characterization tools such as optical microscopes, probe stations, an HP 4155A
semiconductor parameter analyzer, curve tracers, stylus profilometer, etc. are available in the
laboratory. Device packaging facilities include wire bonding and dicing.

6. I am a named inventor on at least seven U.S. patents pertaining to

semiconductor and dielectric technology, which are listed in my CV (Exhibit A).

App. 0477



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 84 of 149 PagelD #: 2336

7. To date, I have authored over 500 journal publications and conference proceeding
papers, and have coauthored seven books and book chapters on semiconductor processes and
devices. Much of my research and publications since about 1998 focus on the topic of
semiconductor devices, semiconductor memory and fabrication processes. I have also been
recognized with numerous research awards including the prestigious SRC Inventor Recognition
Award from Semiconductor Research Corporation for my work on dielectric technology and
characterization.

8. In 2002, I became an IEEE fellow for my contributions to the understanding and
development of ultra-thin dielectrics and their application to silicon devices. 1 was awarded the
IEEE Electron Devices Society Distinguished Lecturer from 2004-2016.

0. I have served in various technology consulting and business advisor roles.
For example, I have taught short courses on semiconductor devices, memory devices and
technologies (e.g., Flash memory devices and CMP processes), at various semiconductor
companies and consortiums (e.g., SEMATECH). I have also organized several international
conferences and have given lectures at some of the most prestigious conferences and symposia in
the field, including the International Symposium on VLSI Technologies, the IEEE Symposia on
VLSI Technology, and the IEEE International Electron Devices Meeting.

10. Plaintiff Godo Kaisha IP Bridge 1 (“IP Bridge”) has asserted U.S. Patent Nos.
6,538,324 (“the’324 patent”), 6,709,950 (“the ’950 patent”), 6,794,677 (“the ’677 patent”),
8,084,796 (“the 796 patent”), 8,106,431 (“the 431 patent”), 8,378,401 (“the *401 patent”)
(collectively, the “Asserted Patents™). I have been asked by counsel for Defendant OmniVision
Technologies, Inc. (“OmniVision™) to review the 324 patent and the 950 patent and to opine on

how certain terms in those patents would be understood by a person of ordinary skill in the field
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of the asserted patents. I have also been asked to opine on the plain and ordinary meaning of
certain terms in the ’324 and ’950 patents as they would have been understood by a person of
ordinary skill in the art at the time of the alleged invention for those patents in light of the
specification and patent file history for the respective patents.

11. I am being compensated for the work I have performed on this matter at my
standard rate of $575 per hour. My compensation is not in any way dependent on the outcome of
this litigation.

12.  In preparing this declaration, I have considered the asserted patents, their
prosecution histories, and the attached exhibits.

13. I reserve the right to supplement this declaration to address any further
information that I become aware of in the future.

I1. Person of Ordinary SKkill in the Art

14. I understand that “a person of ordinary skill in the art” is a hypothetical person
who is presumed to have known the relevant art at the time of the invention.

15.  In my opinion, a person of ordinary skill in the art for the 324 and 950 patents
would have a Master’s Degree in electrical engineering, applied physics, material science or
equivalent and at least two years of industrial or commercial experience in the design,
development, and fabrication of semiconductor devices.

III. Background of the Technology

16.  The ’324 and ’950 patents are directed to two types of technology relating to
semiconductor devices: (1) barrier structures for semiconductor devices (the *324 patent); and
(2) semiconductor devices and processes for manufacturing semiconductor devices for

integrated circuits (the *950 patent).
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17. The ’324 patent discloses “a barrier film preventing diffusion of copper from a
copper wiring layer formed on a semiconductor substrate.” ’324 patent at Abstract; see also id.
at 1:22-33, 2:2-6. The diffusion barrier film is “a multi-layered structure of first and second
films wherein the first film is composed of crystalline metal containing nitrogen therein, and the
second film is composed of amorphous metal nitride.” Id. The crystalline film serves to adhere
the barrier film to the copper wiring layer and the amorphous metal nitride film serves to prevent
diffusion of copper through the barrier film. See id. at 6:32-52 (“In the diffusion-barrier film in
accordance with the present invention, a copper film makes direct contact with a crystalline
metal film containing nitrogen therein, ensuring high adhesion therebetween ....In the diffusion-
barrier film in accordance with the present invention, an amorphous metal film containing
nitrogen therein lies under a crystalline metal film containing nitrogen therein...That is, by
forming a copper wiring layer on the diffusion-barrier film in accordance with the present
invention, it is possible to not only ensure high crystallinity and high adhesion of a copper wiring
layer, but also to prevent copper diffusion.”). The diffusion barrier film lines the surfaces of
recesses or holes formed in an interlayer insulating film, which are then filled with a copper
wiring layer. See id. at 2:2-6 (“Then, a thin diffusion-barrier film is formed on surfaces of the
recess and the through-hole therewith such that the recess and the through-hole is completely
covered at surfaces thereof with the diffusion-barrier film in order to prevent copper diffusion
from uncovered region”) (emphasis added), 14:45-49 (“The first insulating film 12a is formed
with via-holes which is filled with a copper wiring layer 44 with a diffusion-barrier film 17
being sandwiched between an inner surface of each of the via-holes and the copper wiring
layer 44”) (emphasis added); see also id. at 2:6-15, 9:26-33, 10:60-64, 11:8-12, 11:26-34, 13:46-

50, 14:50-59, 15:9-16. The ’324 patent describes how incomplete coverage was a problem with
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conventional barrier films at that time. See id. at 4:1-31 (“The third problem relates to coverage
of a film formed by sputtering...it would almost impossible to deposit a metal film such that
such a recess or hole is completely covered with the metal film...In accordance with the
collimate sputtering, it is possible to deposit a metal film on a bottom of a recess formed at a
surface of a substrate, but it is not possible to deposit a metal film onto an inner sidewall of the
recess.”) (emphasis added). The ’324 patent describes methods for forming the barrier film
along the entire bottom and sidewalls of the insulating film and the copper wiring layer that is
formed in the barrier-film-lined hole or recess. See id. at 7:13-22 (“The method of fabricating a
diffusion-barrier film employs...sputtering where a nitrogen-containing gas has a pressure equal
to or greater than 5 Pa,...thus, there can be obtained coverage for entirely covering a recess or
hole formed at a surface of a substrate, with the diffusion-barrier film.”) (emphasis added); see
also id.. at 9:26-42, 10:52-11:53, 12:33-49, 13:66-14:11, 16:29-53. The diffusion barrier film is
needed along the entire bottom and sidewalls of the copper wiring layer to prevent the copper
from diffusing into the insulating film, which can lead to short circuiting with other copper
wiring layers in the insulating film, and from diffusing into the semiconductor substrate, which
can “induce reduction in carrier lifetime” leading to degraded transistor performance and
increased power consumption. See id. 1:22-25.

18. The ’950 patent discloses semiconductor devices and processes for
manufacturing semiconductor devices for integrated circuits, such as those for preventing the
problems resulting from over-etching of isolation regions due to alignment mask shift. See id.
’950 Patent 3:4-23 (“...a part of the isolation 2b is included in the connection hole 14 when the
exposing area of the resist film 25a is shifted toward the isolation 2b due to the mask alignment

shift in the photolithography™), 5:50-54 (“The object of the present invention is improving the
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structure of an isolation, so as to prevent the problems caused because the edge of the isolation is
trenched in etching for the formation of a connection hole or sidewalls.”). Transistors in a
semiconductor device are created through a series of deposition, etching, and doping steps. See
id. at 12:12-13:40. Transistors in a semiconductor substrate are separated by isolation regions to
prevent them from electrically interfering with each other. See id. at 7:63-65 (““ In this manner,
the function of the trench isolation to isolate each semiconductor element can be prevented from
degrading.”). In order to provide an electrical connection to a transistor, a mask must be applied
to allow an etching process to remove insulating material over the source or drain region of the
transistor. See id. at 1:40-47, 2:62-65. If this mask shifts from its intended alignment, the
isolation region can be over-etched, which can cause the source or drain contact to extend below
the top surface of the semiconductor substrate. See id. at 3:4-23. This incorrect source/drain
contact placement can result in increased junction leakage current, which increases power
consumption, and short circuiting the source or drain contact with the semiconductor substrate,
which can cause the circuit to malfunction. See id. at 3:4-23, 7:60-65. The 950 patent
implements a raised isolation region, a laminated film composed of two different films with
different etching properties, and insulating sidewalls to address the issues related to over-etching
due to mask alignment shift. See id. at 5:59-64, 7:15-20, 7:55-60, 20:38-61, 23:17-22, 23:56-63.
IV.  Analysis of the Barrier Film Patent
a. “multi-layered structure of first and second films”

19. I have examined the ’324 patent and its file history, and in particular the claim
term “multi-layered structure of first and second films” in claims 1 and 5. In my opinion, a
person of ordinary skill in the art would understand this term to mean “multi-layered structure of

first and second films covering the entire bottom and sidewalls of the copper wiring layer”
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because a diffusion barrier film cannot prevent the diffusion of copper from a copper wiring
layer if it does not completely cover the entire bottom and sidewalls of the copper wiring layer.
20. Copper (Cu) has low resistivity. This means that for wiring having the same
dimensions, copper has lower resistance than gold, aluminum, and tungsten. With lower
resistance, semiconductor devices using copper interconnects exhibit higher speed than
aluminum (Al) interconnects. Copper also has better reliability (i.e., less electro-migration) than

aluminum.

21. One problem with copper interconnects is that copper has a high diffusion rate
into interlayer insulating films (“dielectrics”), such as those composed of silicon oxide (SiO2)
and semiconductor substrates, such as those composed of silicon. Transistors are generally
formed in a semiconductor substrate and additional levels of circuitry, which are separated by
interlayer insulating films, are layered over the semiconductor substrate. Copper diffusion into
the interlayer insulating films can lead to unintended electrical shorting between neighboring
interconnect wires, causing circuit malfunction. Copper diffusion into the semiconductor
substrate at the transistor level can “induce reduction in carrier lifetime,” which can degrade
transistor performance and increase leakage current and power consumption of the

semiconductor device. ’324 patent at 1:22-25.
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22. Thus, it is my opinion that the claimed diffusion barrier film in the ’324 patent
must be present on the entire bottom and sidewalls of the copper wiring layer (i.e., the interface
between the interlayer insulating films and the copper wiring layer) to prevent the diffusion of
copper into the interlayer insulating films or further down into the semiconductor substrate. If
the diffusion barrier film is not present on the entire bottom and sidewalls of the copper wiring
layer, i.e., there is a place between the interlayer insulating film and the copper wiring layer
where the diffusion barrier film is mot present, the copper can diffuse through the space not
covered by the diffusion barrier film and cause the problems discussed above, such as the
degradation of transistor performance and the increase of leakage current and power
consumption of the semiconductor device.

23. Incomplete coverage is a problem with the conventional barrier films at the time
that the 324 patent was meant to specifically address. See e.g. *324 patent at 4:1-31. In view of
this problem regarding incomplete coverage, the ’324 specification discloses barrier films that
cover the entire bottoms and sidewalls of the holes in which the copper wiring layer is deposited
(i.e. barrier films that cover the bottoms and sidewalls of the copper wiring layer). See ’324
patent at 2:2-15, 11:11-12, 14:62-65, 14:45-49, 15:9-14. The ’324 patent also explains that “[i]n
the diffusion-barrier film in accordance with the present invention, a copper film makes direct
contact with a crystalline metal film containing nitrogen therein, ensuring high adhesion
therebetween and high crystallinity of a copper film.” ’324 patent at 6:32-36 (emphasis added).
The ’324 patent discloses a number of techniques, such as increasing the sputtering pressure,
controlling the concentration of nitrogen gas, or switching the RF power, for covering the entire
bottom and sidewalls of the recesses and holes, which the copper wiring layers occupy, with the

claimed diffusion barrier film. See ’324 patent at 7:13-22 (“The method of fabricating a
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diffusion-barrier film employs...sputtering where a nitrogen-containing gas has a pressure equal
to or greater than 5 Pa,...thus, there can be obtained coverage for entirely covering a recess or
hole formed at a surface of a substrate, with the diffusion-barrier film.”) (emphasis added),
12:33-42 (““As mentioned above, when the tantalum target is selected, a crystalline structure,
composition and resistivity of a film to be formed by sputtering vary in dependence on both a
concentration of nitrogen gas in sputtering gas and RF power. Conversely speaking, this means
that it is possible to control characteristics of a film to be formed by sputtering, by controlling
both a concentration of nitrogen gas in sputtering gas and RF power. The present invention is
based on this discovery”); see also id. at 9:26-42, 11:1-34, 12:42-49. In addition, every
embodiment illustrated in the patent shows the barrier film covering the entire sidewalls and
bottom of the copper wiring layer. See ’324 patent at Figs. 4B-4D, 7-8, 23, 25-26, 30-31.

24. It is my opinion that the *324 patent seeks to provide a solution to the problem of
incomplete coverage for diffusion barrier films and that this solution requires the diffusion
barrier film to cover the entire bottoms and sidewalls of the holes in which the copper wiring
layer is deposited. This diffusion barrier film is comprised of a crystalline metal film, which
serves to adhere the barrier film to the copper wiring layer, and an amorphous metal nitride film,
which serves to prevent the diffusion of copper beyond the barrier film. See *324 patent at 6:32-
52.

25.  In the “Summary of the Invention” section of the ’324 patent, the 324 patent
explains that the copper wiring layer must be formed on the diffusion barrier film and that the
diffusion barrier film must cover a recess or hole that is subsequently filled with a copper wiring
layer. See ’324 patent at 6:42-52 (explaining that “by forming a copper wiring layer on the

diffusion-barrier film in accordance with the present invention, it is possible to not only ensure
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high crystallinity and high adhesion of a copper wiring layer, but also to prevent copper
diffusion.”) (emphasis added); see also id. at 7:39-44 (“Summary of Invention” section
explaining that “a thin copper film is formed on the diffusion-barrier film in vacuum. As a
result, there is obtained a multi-layered structure comprised of the diffusion-barrier film and the
copper wiring film without a metal oxide layer being sandwiched therebetween.”) (emphasis
added), 6:13-18 (“forming a diffusion-barrier film to cover the recess or hole therewith without
exposing to atmosphere, the diffusion-barrier film having a multi-layered structure of first and
second films, the first film being composed of crystalline metal containing nitrogen therein, the
second film being composed of amorphous metal nitride...forming a copper film on the
diffusion-barrier film”) (emphasis added); see also id. at 7:19-22 (“thus, there can be obtained
coverage for entirely covering a recess or hole formed at a surface of a substrate, with the
diffusion-barrier film.”) (emphasis added). It is my opinion that such disclosures indicate that
the invention claimed in the *324 patent requires the barrier film to cover the entire bottom and
sidewalls of the copper wiring layer and that such coverage is not limited to a preferred
embodiment of the ’324 patent, though all of the preferred embodiments in the ’324 patent
illustrate a barrier film that covers the entire bottom and sidewalls of the copper wiring layer.
V. Analysis of the Isolation Region Patent (950 patent)
a. “second sidewalls on a side surface of a step portion”

26. I have examined the *950 patent’s term “second sidewalls on a side surface of a
step portion” in claim 12. In my opinion, a person of ordinary skill in the art would understand
this term to mean “second sidewalls substantially covering a side surface of a step portion” in

view of the context of the claims, specification, and prosecution history.

11
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27. A purpose of the step sidewall is to provide a gradual decrease in height from the
raised isolation region to the top of the semiconductor substrate such that a metal layer (e.g., an
“interconnection” for electrically connecting transistors to make an electronic circuit) will not be
disconnected when going from the raised isolation region down to the substrate. See 950 patent
at 7:15-20 (“...the abrupt level difference between the surfaces of the isolation and the active
area can be released by the step sidewall...[t]herefore...an upper interconnection is prevented
from being disconnected and increasing in its resistance.”). The step sidewall in the 950 patent
provides a gradual decrease in height from the isolation region to the top of the semiconductor
substrate because it is made from an insulating film, which has been deposited conformally over
the entire semiconductor substrate, that is anisotropically etched. As shown in the image below,
the insulating film follows the contour of the surface it is being deposited over; thus, the height
(i.e. vertical dimension) of the insulating film adjacent to the step of the isolation region is larger
than the height of the insulating film on the planar region (i.e., on the substrate surface and on

top of the isolation region).

28.  Next, the insulating film is anisotropically etched. “Anisotropically etched”
means that the insulating film is etched directionally, e.g. it etches in the downward direction.

Because the height of the insulating film adjacent to the step of the isolation region is larger than

12
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the height of the insulating film on the planar region, when the insulating film on the planar
region is etched away, a “rounded” sidewall remains adjacent to the step that gradually decreases
in height from the raised isolation region to the top of the semiconductor substrate, for example,

as shown in the image below.

29. A sharp drop (as opposed to a gradual decline) from the top of the isolation region
to the top of the semiconductor substrate can cause a disconnect in a metal layer formed over this
drop because the thickness of the metal layer during deposition decreases as it crosses an abrupt

step, for example, as shown in the image below.

30.  This decrease in thickness can lead to high electrical resistance in metal lines and
mechanical cracking and failure, i.e. a disconnect. On the other hand, if the decrease in height

from the top of the isolation region to the top of the semiconductor substrate is more gradual, the

13
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thickness of an overlying metal layer is more uniform during deposition. Thus, the step sidewall
needs to substantially cover the step side surface of the isolation region to prevent a sharp drop
from the top of the isolation region to the top of the semiconductor substrate, which would
increase the resistance of or completely disconnect an overlying metal layer thereby degrading
the performance or even causing a malfunction of the semiconductor device.

31.  Another purpose of the step sidewalls, as evidenced by the claim language, is to
insulate, as they are formed from an “insulating film.” The 950 patent explains that “the step
sidewall disposed at the edge of the trench isolation can prevent the impurity ions from being
implanted below the edge of the isolation.” ’950 patent at 7:55-57; see also id. at 26:43-49,
27:49-54. In other words, the step sidewall acts as a buffer during the doping of the source and
drain (“S/D”) regions of a transistor that prevents the doping ions from being implanted below
the isolation region, which could result in increased junction leakage current and power
consumption. Ion implantation is a process by which ions of an impurity, such as phosphorus or
boron, are accelerated into a semiconductor substrate, thereby changing the properties of the
implanted regions (e.g., doping concentration and electrical resistance). It is important to note
that the ions are implanted over the entire semiconductor substrate. Thus, to dope a specific
localized region, a mask is needed to block the ions from being implanted into certain portions
the semiconductor substrate. The mask can be a photoresist, polysilicon, or an insulator, such as
a sidewall. For example, as shown in the image below, the sidewalls are used to block the
heavily doped n* ion implantation from encroaching underneath the gate electrode or isolation

region.

14
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32.  As discussed above, the isolation region is used to prevent the transistors in a
semiconductor device from electrically interfering with each other. In other words, the isolation
region serves to minimize any leakage current between transistors through the semiconductor
substrate. Lower leakage current means lower power consumption for the semiconductor device.
The effectiveness of the isolation region depends on the impurity concentration below the
isolation region such that any unintended implantation of doping ions below the isolation region
can result in increased junction leakage and power consumption. If the sidewall does not
substantially cover the side surface of the isolation region step, impurity ions can be implanted
below the isolation region. Thus, the sidewalls need to substantially cover the side surface of a
step portion of the isolation region in order to prevent doping ions from being implanted below
the isolation region.

33. The ’950 patent further explains that “the step sidewall can prevent the silicide
layer from being formed at a deep portion” of the isolation region. ’950 patent at 7:59-60; see
also id. at 23:56-63. In other words, when forming silicide over the source/drain (“S/D”) region

of the transistor, the step sidewall can prevent the silicide from being formed in the boundary
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between the silicon substrate and the isolation region, which can effectively prevent a short
circuit from occurring between the S/D electrode and the channel stop region. Silicide is a
highly conductive layer of compound material composed of silicon and metal. For example,
TiSi, is a titanium-silicon compound called titanium silicide; and likewise, WSi> (tungsten
silicide) is another common silicide used in semiconductor devices. Silicides are used in
semiconductor technology to reduce the resistance of polysilicon lines and dopant regions. They
are also used to form a better contact (i.e., lower resistance) between a semiconductor region and
a metal layer. A common method of forming a silicide layer in semiconductor devices is by
chemical reaction. First, a metal, such as titanium, is deposited over the entire semiconductor
substrate. The semiconductor substrate is then annealed at a high temperature, which causes
silicide to form wherever the semiconductor and metal are in contact, for example, on the
source/drain regions of the transistors. The unreacted metal, such as the titanium on the top of
the isolation region, is then selectively etched away. If the sidewall does not substantially cover
the side surface of the isolation region, silicide can be formed at the boundary between the
isolation region and the semiconductor substrate, which can cause a short circuit from between
the source/drain electrode and the semiconductor region under the isolation region, commonly
referred to as the “channel stop region.” This short-circuit can cause the semiconductor device to
malfunction. Thus, the sidewalls need to substantially cover the side surface of a step portion of
the isolation region in order to prevent silicide from forming at the boundary between the
isolation region and the semiconductor substrate.

34.  Every embodiment in the 950 patent illustrates that etching the insulating film to

form sidewalls results in sidewalls covering the entire side surface of either the gate electrode or
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step portion of the isolation. See 950 patent at Figs. 3(c), 4(a), 5(a), 6(c), 7(a), 9(a), 10(a), 11(a),
12, 13(e), 14(d), 15(c), 16(b), 17, 18(a), 19, 20(e), 21(a)).

35. It is my opinion that a person of ordinary skill in the art would reasonable
understand the scope of sidewalls that substantially cover the side surface of a step portion of a
boundary between a trench isolation and an active area in light of the specification and

prosecution history of the *950 patent.

I declare under penalty of perjury under the laws of the United States of America that the

foregoing is true and correct.

Executed at Austin, TX on September 26, 2018.

Jack C. Lee, Ph.D.
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121. J. Lee, “ZrO> and HfO; Gate Dielectrics,” an Invited Talk at PASSS Symposium,
Portland OR August 18, 2000.

122. J. Lee, “Ultra-thin High-K Gate Dielectrics,” an Invited Talk at IBM Yorktown
Research Center Seminar Series, NY September 28, 2000.

123. J. Lee, “Reliability Issues of ZrO2 and HfO2 for Gate Dielectrics Applications,” an
Invited Talk at the SRC Topic Research Conference, Stanford CA October 30-Nov. 1,
2000.

124. Laegu Kang, Katsunori Onishi, Yongjoo Jeon, Byoung Hun Lee, Changseok Kang,
Wen-Jie Qi, Renee Nieh, Sundar Gopalan, Rino Choi, and Jack C. Lee, “MOSFET
Devices with Polysilicon on Single-Layer HfO> High-K Dielectrics,” International
Electron Devices Meeting, IEDM Technical Digest, p. 35, 2000.

125. Byoung Hun Lee,Rino Choi, Laegu Kang, Sundar Gopalan, Renee Nieh, Katsunori
Onishi, Yongjoo Jeon, Wen-Jie Qi, Changseok Kang, and Jack C Lee,
"Characteristics of TaN gate MOSFET with ultrathin hafnium oxide (8-12A)",
International Electron Devices Meeting, IEDM Technical Digest, p. 39, 2000.

126. J. Lee, “Scaling of Gate Dielectrics and the Impact of High-K Dielectrics,” an Invited

Talk at The ULIS'2001 Workshop (2nd European Workshop on Ultimate Integration
of Silicon) Grenoble, France January 18-19, 2001.
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127. J. Lee, “High-Dielectric Gate Dielectrics” an Invited Talk at the 6th Workshop on
Formation, Characterization and Reliability of Ultrathin Silicon Oxide, held at
Atagawa, Sizuoka, Japan, p. 55, January 26-27, 2001.

128. J. Lee, “Alternative Gate Dielectrics for Future CMOS Devices” an Invited Talk at
the Cypress Semiconductor Workshop, San Jose, CA March 7, 2001.

129. J. Lee, “Future Gate Dielectrics Materials” an Invited Talk in the "Rapid Thermal and
Other Short-Time Processing Technologies” Session at the 199th Electrochemical
Society (ECS) Meeting, Washington D.C., March 25-30, 2001.

130. J. Lee, “High-K Gate Dielectric Devices” (keynote speaker) 2001 Symposium on
Nano Device Technology, Hsinchu, Taiwan, April 23-25, 2001.

131. R. Choi, C. Kang, B. Lee, K. Onishi, R. Nieh, S. Gopalan, E. Dharmarajan, and J.
Lee, “High-Quality Ultra-thin HfO, Gate Dielectric MOSFETs with TaN Electrode
and Nitridation Surface Preparation,” Tech. Dig. of Symposium on VLSI Technology
(Highlight Session), p. 15, June 2001.

132. K. Onishi, L. Kang, R. Choi, E. Dharmarajan, S. Gopalan, Y. Jeon, C. Kang, B. Lee,
R. Nieh, and J. Lee, “Dopant Penetration Effects on Polysilicon Gate HfO»
MOSFETs,” Tech. Dig. of Symposium on VLSI Technology, p. 131, June 2001.

133. T. Ngai, K. Onishi, R. Choi, C. Kang, J. Fretwell, X. Chen, J. Chen, J. Lee and S.
Banerjee, “Electrical Properties of HfO, Gate Dielectric on SiGe,” Electronic
Materials Conference, June 2001.

134. J. Lee, “High-K Gate Dielectrics: ZrO> and HfO,” an Invited Talk presented at the
Distinguished Lectures Series of the Electron Devices Society, Kansai Chapter,
Kyoto, Japan, June 15, 2001.

135. Easwar Dharmarajan, Wen-Jie Qi, Renee Nieh, Laegu Kang, Katsunori Onishi, and
Jack C. Lee, “Ultra-Thin Zirconium Silicate Films With Good Physical and Electrical
Properties for Gate Dielectric Applications,” MRS fall meeting 2000.

136. Renee Nieh, Katsunori Onishi, Rino Choi, Hag-Ju Cho, Chang Seok Kang, Sundar
Gopalan, Siddarth Krishna, and Jack C. Lee, “Performance Effects of Two Nitrogen
Incorporation Techniques on TaN/HfO; and poly/HfO, MOSCAP and MOSFET
Devices” 1st International Workshop on Gate Insulator (IWGI) Tokyo, p. 70, Japan,
November 1-2, 2001.

137. S. Gopalan, E. Dharmarajan, K. Onishi, R. Nieh, C. S. Kang, R. Choi, H-J. Cho and J.
C. Lee, "Ultra-thin Hafnium Silicate films with TaN and Polysilicon gates for gate
dielectric application", IEEE Semiconductor Interface Specialist Conference (SISC)
Proceedings, p. 11, November 2001.
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138. H. Cho, C. Kang, K. Onishi, S. Gopalan, R. Nieh, E. Dharmarajan, and J. Lee, “Novel
Nitrogen Profile Engineering for Improved TaN/ HfO»/Si MOSFET Performance”
International Electron Devices Meeting (IEDM Technical Digest), p. 655, 2001.

139. K. Onishi, C. Kang, R. Choi, H. Cho, S. Gopalan, R. Nieh, E. Dharmarajan, and J.
Lee, “Reliability Characteristics, including NBTI, of Polysilicon Gate MOSFET’s,”
International Electron Devices Meeting (IEDM Technical Digest), p. 659, 2001.

140. J. Lee, “High-K Gate Dielectrics (HfO, and ZrO:), Semicon Korea Technical
Program Digest, p. 155, February 2002.

141. C.M. Osburn, S.K. Han, I. Kim, S. Campbell, E. Garfunkel, T. Gustafson, J. Hauser,
T.-J. King, A. Kingon, D.-L. Kwong, S.J. Lee, C.H. Lee, J. Lee, C.S. Kang, K.
Onishi, R. Choi, G. Lucovsky, J.G. Hong, T.P. Ma, W. Zhu, Z. Luo, J.P. Maria, D.
Wicaksana, V. Misra, J.J. Lee, Y.S. Suh, G. Parsons, D. Niu, and S. Stemmer,
“Integration Issues with High k Gate Stacks” an invited to VLSI Symposium of The
Electrochemical Society Meeting, Spring 2002.

142. C. Kang, H. Cho, K. Onishi, R. Choi, R. Nieh, S. Gopalan, S. Krishnan, and J. Lee,
“Improved Thermal Stability and Device Perfromance of Ultra-thin (EOT < 10 A)
Gate Dielectric MOSFET’s by Using Hafnium Oxynitride (HfOxNy),” 2002
Symposium on VLSI Technology, p. 146, June 2002.

142. R. Nieh, S. Krishnan, H. Cho, C. Kang, S. Gopalan, K. Onishi, R. Choi, and J. Lee,
“Comparison between ultra-thin ZrO, and ZrO«Ny gate dielectrics in TaN or poly-
gated NMOSCAP and NMOSFET devices,” 2002 Symposium on VLSI Technology,
p. 186, June 2002.

143. K. Onishi, C. Kang, R. Choi, H. Cho, S. Gopalan, R. Nieh, S. Krishnan, and J. Lee,
“Effects of High-Temperature Forming Gas Anneal on HfO, MOSFET
Performance,” The 2002 Symposium on VLSI Technology, p. 22, June 2002.

144. Q. Lu, H. Takeuchi, X. Meng, T. King, C. Hu, K. Onihi, H. Cho, and J. Lee,
“Improved Performance of Ultra-thin HfO» CMOSFETs Using Poly-SiGe Gate,”
2002 Symposium on VLSI Technology, p. 86, June 2002.

145. K. Onishi, C. Kang, R. Choi, H. Cho, S. Gopalan, R. Nieh, S. Krishnan and J. Lee,
“Charging Effects on Reliability of HfO, Devices with Polysilicon Gate Electrode,”
Proceeding of International Reliability Physics Symposium, pp. 419-420, 2002.

146. Q. Lu, H. Takeuchi, R. Lin, T. King, C. Hu, K. Onishi, R. Choi, C. Kang and J. Lee,
“Hot Carrier Reliability of n-MOSFET with Ultra-thin HfO, Gate Dielectric and
Poly-Si Gate,” 2002 International Reliability Physics Symposium Proceedings, p429
(2002).
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147. R. Choi, K. Onishi, C. S. Kang, R. Nieh, S. Gopalan, H.-J. Cho, S. Krishnan,
and J. C. Lee, “High Quality MOSFETs Fabrication with HfO, Gate Dielectric
and TaN Gate Electrode”, 60th Device Research Conference at the University of
California, Santa Barbara, June 24-26, 2002, p. 193.

148. S. Gopalan, R. Choi, K. Onishi, R. Nieh, C. Kang, H. Cho, S. Krishnan, and J. Lee,
“Impact of NH3 Pre-treatment on the Electrical and Reliability Characteristics of
Ultra-thin Hafnium Silicate Films Prepared by Re-oxidation Method,” 60th Device
Research Conference at the University of California, Santa Barbara, June 24-26,
2002, p. 195.

149. K. Onishi, R. Choi, C. Kang, H. Cho, Y. Kim, R. Nieh, J. Han, S. Krishnan, A.
Shahriar and J. Lee, “Charge Trapping and Interfacial Degradation of Polysilicon
Gate HfO, NMOSFET’s,” Gate Stack Engineering Working Group Symposium,
October 16-18, 2002.

150. J. Lee, “Nitrogen Incorporation and High-Temperature Forming Gas Anneal for
High-K Gate Dielectrics,” an Invited Paper in 202" Meeting of the Electrochemical
Society, p. 171, October 20-25, 2002.

151. J. Lee, “Effects of Interface States and Charge Trapping on Performance of High-K
Dielectric Devices,” an Invited Paper in the 33" IEEE Semiconductor Interface
Specialists Conference, December 5-7, 2002.

152. C. Kang, H. Cho, K. Onishi, R. Choi, Y. Kim, R. Nieh, J. Han, S. Krishnan and J.
Lee, “Nitrogen Concentration Effects and Performance Improvement of MOSFETs

Using Thermally Stable HfO«Ny Gate Dielectrics,” International Electron Devices
Meeting (IEDM), p. 865, December 2002.

153. Y. Kim, K. Onishi, C. Kang, R. Choi, H. Cho, R. Nieh, J. Han, S. Krishnan and J.
Lee, “Hard and Soft-Breakdown Characteristics of Ultra-Thin HfO, Under Dynamic

and Constant Voltage Stress,” International Electron Devices Meeting (IEDM), p.
629, December 2002.

155. R. Choi, K. Onishi, C. Kang, S. Gopalan, R. Nieh, Y. Kim, J. Han, S. Krishnan, H.
Cho, A. Shahriar, and J. Lee “"Fabrication of High Quality Ultra-thin HfO, Gate
Dielectric MOSFETs Using Deuterium Anneal,” International Electron Devices
Meeting (IEDM), p. 613, December 2002.

156. Y. H. Kim, K. Onishi, C. S. Kang, R. Choi, H. -J. Cho, S. Krishnan, M. Akbar, and J.
C. Lee, “Dynamic Reliability Characteristics of Ultra-Thin HfO,,” Highlight Session
of 2003 International Reliability Physics Symposium, p. 46, March 2003.

157. H. Cho, C. Kang, M. Akbar, K. Onishi, Y. Kim, R. Choi, and J. Lee, “Application of

Top HfSiON Layer for Improved Poly-Gated HfO, PMOSFET Performance,” the
61st Device Research Conference (section I1.B), p. 37, June 23-25, 2003.
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158. Y. H. Kim, K. Onishi, C. S. Kang, R. Choi, H. -J. Cho, M. S. Akbar, and J. C. Lee,
“Polarity Dependence of the Reliability Characteristics of HfO, with Poly-Si Gate
Electrode”, the 61st Device Research Conference proceeding (DRC), p.57, 2003.

159. Y. H. Kim, K. Onishi, C. S. Kang, R. Choi, H. -J. Cho, and J. C. Lee, “The Effects of
Forming Gas Anneal Temperature and Dielectrics Leakage Current on TDDB
Properties of HfO, Devices” Electrochemical Society Proceeding (ECS), October
2003.

160. H.-J. Cho, C.Y. Kang, C.S. Kang, Y.H. Kim, R. Choi, A. Shahriar, C.H. Choi, S.J.
Rhee and J. C. Lee, “Effects of NH3 Annealing on High-k HfSiON/HfO, Gate Stack
Dielectrics,” Electrochemical Society Proceeding (ECS), October 2003.

161. C.S. Kang, H.-J. Cho, Y.H. Kim, R. Choi, A. Shahriar, C.Y. Kang, C.H. Choi, S.J.
Rhee and J. C. Lee, “Characterization of resistivity and work function of sputtered-

TaN film for gate electrode applications,” Electrochemical Society Proceeding (ECS),
October 2003.

162. Jack C. Lee, “Hf-based Dielectrics and Reliability” Invited Paper presented at the
SRC Topical Research Conference, October 2003.

163. J. Lee, “Hf-based High-K Dielectrics” Invited Paper presented at the International
Workshop on Gate Insulator, Tokyo, Japan, Nov. 2003.

164. Y. H. Kim, R. Choi, R. Jha, J H. Lee, V. Misra and J. C. Lee, "Interface Tunneling
Mechanism of HfO, /Dual Metal Gate Stack with Varying Interface Layer Thickness
and Different Bias Polarities", 34" IEEE Semiconductor Interface Specialists
Conference, p. 45, December 2003.

165. J. Lee, “High-K Dielectrics and MOSFET Characteristics”, Invited Paper at IEEE
International Electron Devices Meeting, Section 4, no. 4, p. 95, December 2003.

166. H. Cho and J. Lee, “The Effects of Nitrogen in HfO> for Improved MOSFET
Performance” presented at the 2003 International Semiconductor Device Research
Symposium, Washington D.C. December 2003.

167. C.M. Osburn, S.A. Campbell, E. Eisenbraun, E. Garfunkel, T. Gustafson, A. Kingon,
D.-L. Kwong, J. Lee, G. Lucovsky, T.P. Ma, J.P. Maria, V. Misra, G. Parsons, D.
Schlom, and S. Stemmer, “Materials and Processes for High k Gate Stack”,
International Forum on Semiconductor Technology, Paris, February 2004.

168. Y. H. Kim, R. Choi, R. Jha, J.LH. Lee, V. Misra and J. C. Lee. “Effects of Gate
Electrodes and Barrier Heights on the Breakdown Characteristics and Weibull Slopes
of HfO, MOS Devices” 2004 International Reliability Physics Symposium, p. 595,
2004.
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169. C. Y. Kang, H. -J. Cho, C. S. Kang, R. Choi, Y. H. Kim, S. J. Rhee, C. H. Choi, A.
Shahriar and J. C. Lee, “Effects of Thin SiN Interface Layer on Transient [-V
Characteristics and Stress Induced Degradation of High-k Dielectrics,” 2004
International Reliability Physics Symposium, p. 587, 2004.

170. Se Jong Rhee, Young Hee Kim, Chang Yong Kang, Chang Seok Kang, Hag-Ju Cho,
Rino Choi, Chang Hwan Choi, Mohammad S. Akbar, and Jack C. Lee, "Dynamic
Positive Bias Temperature Instability Characteristics of Ultra-Thin HfO»
NMOSFET," 2004 International Reliability Physics Symposium, p. 269, 2004.

171. C. S. Kang, C. Choi, C. Y. Kang, S. J. Rhee, Y. H. Kim, S. Akbar, J. Lee, “Advantage
and Concerns of Si and N Incorporation”, Sematech Gate Stack Workshop Digest,
Sect. 1, p. 1, March 2004.

172. R. Choi, B. Lee, G. Brown, P. Zeitzoff, J. H. Sim, and J. C. Lee, “Polarity
Dependence of Dielectrics Wearout Properties for Hf-based High-K Dielectrics,”
Sematech Gate Stack Workshop Digest, Sect. 1, p. 4, March 2004.

173. C. Choi, C.S. Kang, C. Y. Kang, R. Choi, Y. Kim, S. J. Rhee, M. Akbar and J. Lee,
“The Effects of Nitrogen and Silicon Profile on High-K MOSFET Performance and
Bias Temperature Instability,” 2004 Symposium on VLSI Technology, p. 214, June
2004.

174. Y. Kim, R. Choi, R. Jha, J. H. Lee, V. Misra and J. Lee, “Effects of Barrier Height
and the Nature of Bi-Layer Structure on the Reliability of High-K Dielectrics with
Dual Metal Gate (Ru & Ru-Ta alloy) Technology,” 2004 Symposium on VLSI
Technology, p. 138, June 2004.

175. Rino Choi, B. H. Lee, G. Brown, P. Zeitzoff, J. H. Sim, and J. C.Lee, "Polarity
dependence of FN Stress induced degradation on NMOSFETSs with Polysilicon Gate
and HfSiON Gate Dielectrics," to be presented at the 11th IEEE International
Symposium on the Physical and Failure Analysis of Integrated Circuits (IPFA 2004),
p. 21, 2004.

176. Rino Choi, Byoung Hun Lee, K. Matthews, J. H. Sim, G. Bersuker, L. Larson and
Jack C. Lee, "Relaxation of FN stress induced Vth shift at NMOSFETs with HfSiON
Gate Dielectric and TiN Gate Electrode," 62nd annual Device Research Conference
(2004 DRC), p. 14, 2004.

177. Se Jong Rhee, Chang Yong Kang, Young Hee Kim, Chang Seok Kang, Hag-Ju Cho,
Rino Choi, Chang Hwan Choi, Mohammad S. Akbar, and Jack C. Lee, "Threshold
Voltage Instability of Ultra-Thin HfO, NMOSFETs : Characteristics of Polarity
Dependences," 62nd annual Device Research Conference (2004 DRC), p. 101, 2004.
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178. Y. H. Kim, R. Choi, R. Jha, J.H. Lee, V. Misra, and J. C. Lee, “Reliability of High-K
Dielectrics and Its Dependence on Gate Electrode and Interfacial / High-K Bi-Layer
Structure” to be published at the 15" European Symposium on Reliability of
Electronic Devices, Failure Physics and Analysis, October 2004.

179. C. Y. Kang, R. Choi, J. H. Sim, C. Young, B. H. Lee, G. Bersuker, and Jack C. Lee,
“Charge Trapping Effects in HfSiON Dielectrics on the Ring Oscillator Circuit and
the Single Stage Inverter Operation,” Technical Digest of International Electron
Devices Meeting (IEDM), p. 485, December 2004.

180. Se Jong Rhee, Chang Seok Kang, Chang Hwan Choi, Chang Yong Kang, Siddarth
Krishnan, Manhong Zhang, Mohammad S. Akbar and Jack C. Lee, “Improved
Electrical and Material Characteristics of Hafnium Titanate Multi-metal Oxide n-
MOSFETs with Ultra-Thin-EOT (~8A) Gate Dielectric Application” Technical
Digest of International Electron Devices Meeting (IEDM), p. 837, December 2004.

181. Se Jong Rhee, Chang Seok Kang, Chang Yong Kang, Chang Hwan Choi, Manhong
Zhang, Siddarth Krishnan, Mohammad S. Akbar and Jack C. Lee "Charge
Compensation Effect in Hafnium Titanate Multi-metal Oxide n-MOSFETs," IEEE
Semiconductor Interface Specialists Conference, p. 50-51, 2004.

182. C. Choi, C. Y. Kang, S. Rhee, M. Akbar, S. Krishnan, M. Zhang and J. Lee, “A
Suppression of Interfacial Oxide Formation by Oxygen-Scavenging Technique to
Reduce EOT to < 0.7nm of “Undoped” HfO, / Si Gate Stacks” IEEE Semiconductor
Interface Specialists Conference, 2004.

183. C. Y. Kang, R. Choi, B. H. Lee, G. Bersuker, and Jack C. Lee, “A Study of Charge
Trapping Dynamics in HfSiON Dielectrics Using the Single Stage Inverter Circuit”
IEEE Semiconductor Interface Specialists Conference, December 2004.

184. Invited Paper -Jack C. Lee , C. Kang, S. Rhee, C. Choi, S. Krishnan, I. Ok, M.
Akbar, H. Kim, F. Zhu, M. Zhang, T. Lee, “Hafnium-based High-K Dielectrics”
VLSI Technology (VLSI-TSA-Tech), 2005 IEEE VLSI-TSA International
Symposium on Page(s):122 — 125, April 2005.

185. Invited Paper - Jack C. Lee, S. Rhee, C. Kang, C. Choi, S. Krishnan, I. Ok, M.
Akbar, H. Kim, F. Zhu, M. Zhang, T. Lee, “Process Effects and Characterization of
Hf-Based Dielectrics, ”Electrochemical Society 207th meeting, May 2005.

186. M. S. Akbar, Naim Moumen, Joel Barnett, Byoung-Hun Lee, and Jack C. Lee,
“Effects of High-k Post Deposition Cleaning in Improving CMOS Bias Instabilities
and Mobility. A Potential Issue in Reliability of Dual Metal Gate Technology”, IEEE
International Reliability Physics Symposium, pp. 640, 2005.

187. C. Y. Kang, S. J. Rhee, C. H. Choi, M. S. Akbar, H. -S. Kim, M. Zhang, T. Lee, I.
Ok, F. Zhu, and J. C. Lee, "Effects of Optimized Nitrogen Tailoring in High-k

App. 0537



Case 1:16-cv-00290-MN Document 103-2 Filed 10/17/18 Page 144 of 149 PagelD #: 2396

dielectrics on Impurity Penetration and Stress Induced Device Degradation”, IEEE
International Reliability Physics Symposium, p. 628, 2005.

188. Siddarth Krishnan, Jeff J. Peterson, Chadwin D. Young, George Brown, Rino Choi,
Rusty Harris, Jang Hoan Sim, Peter Zeitzoff, Paul Kirsch, Jim Gutt, Hong Jyh Li,
Ken Matthews, Jack C. Lee, Byoung Hun Lee, and Gennadi Bersuker “Dominant
SILC mechanisms in HfO»/TiN Gate nMOS and pMOS transistors”, and, Proceedings
of 43rd Annual IEEE International Reliability Physics Symposium, Page(s): 642 —
643, 2005.

189. Changhwan Choi, Chang Yong Kang, Se Jong Rhee, Mohammad Shahariar Abkar,
Siddarth A. Krishna, Manhong Zhang, Hyungseob Kim, Tackhwi Lee, Feng Zhu, Injo
Ok, Sergei Koveshnikov and Jack C. Lee, "Fabrication of TaN-gated Ultra-Thin
MOSFETs (EOT <1.0nm) with HfO2 using a Novel Oxygen Scavenging Process for
Sub 65nm Application" Symposium on VLSI Technology, Kyoto, Japan, p. 226,
2005.

190. J. Lee, “High-K Dielectrics — processes and reliability,” IEEE Solid-State Circuits
Society Fort Collins, Aug. 5, 2005.

191. M. S. Akbar, Naim Moumen, Jeff Peterson, Joel Barnett, Muhammad Hussain and
Jack C Lee, “Effect of Precursor Pulse Time on Charge Trapping and Mobility of
ALD HfO,”, 207" Electrochemical Society (ECS) Meeting, pp. 161, 2005.

192. Se Jong Rhee, Hyoung-Sub Kim, Chang Yong Kang, Chang Hwan Choi, Manhong
Zhang, Feng Zhu, Tackhwi Lee, Injo Ok, Mohammad S. Akbar, Siddarth A.
Krishnan, and Jack C. Lee, “Optimization and Reliability Characteristics of
TiO2/HfO> Multi-metal Dielectric MOSFETs” Symposium on VLSI Technology,
Kyoto, Japan, p. 168, 2005.

193. Se Jong Rhee, Hyoung-Sub Kim, Chang Yong Kang, Chang Hwan Choi, M. S.
Akbar, Manhong Zhang, Tackwhi Lee, Injo Ok, Feng Zhu, Siddarth A. Krishnan, and
Jack C. Lee, "Structural Optimization and Electrical Characteristics of Ultra-thin
Gadolinium (Gd>03) Incorporated HfO>» n-MOSFETs,” 63rd annual Device Research
Conference (2005 DRC), p. 219, 2005.

194. Siddarth A. Krishnan, M.A. Quevedo-Lopez, Rino Choi, Paul Kirsch, Chadwin
Young, Rusty Harris, Jeff J. Peterson, Hong-Jyh Li, Byoung Hun Lee and Jack C. Lee
“Charge Trapping Dependence on the Physical Structure of Ultra-thin ALD-
HfSiON/TiN Gate Stacks”, International Integrated Reliability Workshop (IIRW)
proceedings, p. 89, October 2005.

195. Siddarth A. Krishnan, Manuel Quevedo, Rusty Harris, Paul D. Kirsch, Rino Choi,

Byoung Hun Lee, Gennadi Bersuker, Jeff Peterson, Hong-Jyh Li, Chadwin Young
and Jack C. Lee, “NBTI Dependence on Dielectric Thickness in Ultra-scaled HfSiO
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Dielectric/ALD-TIN Gate Stacks”, Extended Abstracts of the 2005 International
Conference on Solid State Devices and Materials, p. 23, 2005.

196. J. Lee, “Future of High-K Dielectrics” (Invited Talk) Electron Device Society Mini-
Colloquium at UCF, p. 31, February 23-25, 2006.

197. Chang Yong Kang, Jack Lee, “Carrier Recombination in High-k Dielectrics and its
Impact on Transient Charge Effects in High-k Devices”, Advanced Gate Stack
Engineering Working Group Biannual Meeting, March 2006.

198. Feng Zhu, C.Y Kang, S.J. Rhee, C.H. Choi, S.A. Krishnan, M. Zhang, H.S. Kim, T.
Lee, I. Ok, G. Thareja, and J.C. Lee, "Improving carrier mobility and reliability
characteristics of high-k NMOSFET by using stacked Y203/HfO2 gate dielectric",
Proceedings of IEEE International Reliability Physics Symposium, p659, 2006.

199. C. Y. Kang, R. Choi, S. C. Song, C. D. Young, G. Bersuker, B. H. Lee,
and J. C. Lee, "Carrier Recombination in High-k Dielectrics and its
Impact on Transient Charge Effects in High-k Devices", Proceedings of IEEE
International Reliability Physics Symposium, p. 657, 2006.

200. J. Lee, (Invited Talk) “High-K Gate Dielectrics,” Symposium on VLSI Technology
Short Course Series, Honolulu, HI, June 12-15, 2006.

201. InJo Ok, H. Kim, M. Zhang, T. Lee, F. Zhu, G. Thareja, L. Yu, S. Koveshnikov, W.
Tsai, V. Tokranov, M. Yakimov, S. Oktyabrsky, and Jack C. Lee "Depletion-Mode
MOSFET on n-GaAs substrate with HfO2 and Silicon Interface Passivation", IEEE
Device Research Conference, pp. 45-46, 2006.

202. Feng Zhu, S. Koveshnikov, I. Ok, H.S. Kim,V. Tokranov, M. Yakimov, S.
Oktyabrsky, W. Tsai and J. C. Lee, "Enhancement and Depletion-mode GaAs N-
MOSFETs with stacked HfO2/Y203 gate dielectric", Digest of Device Research
Conference, p. 83, 2006.

203. H.S. Kim, I. Ok, M. Zhang, T. Lee, F. Zhu, G. Tharaja, L. Yu, S. Koveshnikov, W.
Tsai, V. Tokranov, M. Yakimov, S. Oktyabrsky, and Jack C. Lee, “Germanium
passivation for high-k dielectric III-V MOSFETs and temperature dependence of
dielectric leakage current,” IEEE Device Research Conference, p. 87, 2006.

204. Tackhwi Lee; Se Jong Rhee; Chang Yong Kang; Feng Zhu; Manhong Zhang;
Hyoung-sub Kim; Changhwan Choi; Injo Ok; Sergei Koveshnikov; Hokyung Park;
Lee, J.C., “Improved MOSFET characteristics by Incorporating Laminated
Dysprosium (Dy203) Dielectric into HfO2 Gate Stack,” IEEE Device Research
Conference, Page(s): 69 — 70, June 2006.
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205. H. Park, H. C. Wen, M. Chang, M. Jo, R. Choi, B. H. Lee, S.C. Song, C. Y. Kang, T.
Lee, G. Brown, J. C. Lee and H. Hwang, “Thermal stability of metal electrodes and
its impact on gate dielectric characteristics,” Solid State Devices Meeting, 2006.

206. Keynote Speech — Jack C. Lee, “MOS and MOSFET Structures on III-V Substrate
with Interface Passivation Layer”, 3rd Annual International Symposium on Advanced
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