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Operation of p-n Junction Photodetectors
in a Photon Flux Integratmg Mode

GENE P. WECKLER, MEMBER, 1EEE

Abstract—A technique for operating a p-n junction photodiode
In a photon flux integration mode is described. In this mode the
#-n junction is charged to a reverse voltage (less than its breakdown
voltage) and then open-circuited. The voltage across the junction,
with zero incident illumination, will decay at a rate that is inde-
peadent of junction area. Time constants in the order of seconds may
be achieved with silicon planar structures at room temperature.
Under illumination, the rate of decay of charge depends linearly
oa the inteasity of the incident illumination, so that the total charge

" removed is proportional to the time integral of illumination.

Operation of p-n jurction photodiodes is analyzed for this mode

and boundary conditions are established. A practical structure

utilizing this mode of operation is discussed. This structure makes

"use of the nearly ideal switch characteristics of an insulated gate

field-effect transistor to periodically sample a photodiode. Advan-
tages offered by this device structure include 1) linear dependence of

- signal charge on light intensity over several orders of magnitude;

2) electronically controllable sensitivity; 3) ease of integration into
arrays for image sensing.
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An idealized circuit for analyzing stornge mode operahon
of a p-n junction diode.



PRELIMINARY DATA SHEET OCTOBER 1972

GENERAL DESCRIPTION — The CCD201 is a 2-Phase 10,000-Eiement Self-Scanning
Image Sensor. It uses charge coupled technology with buried channels and ton-implanted
barriers. The light sensitive area is a 100 x 100 array of photo elements which provide an
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PHOTOCELL CROSS-SECTION
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TOP AND CROSSSECTIONAL VIEWS
OF THE CCD IMAGER
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NO IMAGE LAG PHOTODIODE STRUCTURE IN THE INTERLINE CCD IMAGE SENSOR
Nobukazu Teranishi, Akiyoshi Kohono, Yasuo Ishihara, Eiji Oda and Kouichi Arai

Microelectronics Research Laboratories, Nippon Electric Co., Ltd.
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THE PINNED PHOTODIODE FOR AN INTERLINE-TRANSFER CCD IMAGE SENSOR

B; C. Burkey, W. C. Chang, J. Littlehale, T. H. Lee,
7. J. Tredwell, J. P. Lavine, E. A. Trabka

Research Laboratories, Eastman Kodak Company
Rochester, New York 14650
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LAG 1S DUE TO INCOMPLETE READOUT
OF THE PHOTOSIGNAL FROM A DIODE.

CHARGE LEFT BEHIND IS READ OUT IN
SUBSEQUENT FRAMES, CAUSING GHOST
IMAGES TRAILING MOVING OBJECTS.
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NO IMAGE LAG PHOTODIODE STRUCTURE IN THE INTERLINE CCD IMAGE SENSOR
Nobukazu Teranishi, AkiyoshiKohono, Yasuo Ishihara, Eiji Oda and Kouichi Arai

Microelectronics Research Laboratories, Nippon Electric Co., Ltd.
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ANTIBLOOMING SCHEMES
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sonditions
ltem Symbol Min. Typ. Max Unit Remarks
Voo 14.55 15.0 15.45 \Y
: o Veo 14.55 15.0 15.45 Y Note 1
ly voltage of output circuit
Vae 1.6 2.0 2.4 \
Vss Ground with a 390 Q resistance 5%
trate voltage adjustable range Vsus Q : 19 \ Note 2
ilation range after substrate
Je adjustment Vsus 3 3 %
iction transistor bias Vi To be the vertical transfer clock low-level clamp bias
1aracteristics
ltem Symbol Min. Typ. Max. Unit Remarks
ut circuit current foo 5.0 mA Note 3
fins 1 HA Note 4
current
linz 10 HA Note §

- 1. Veo and Voo must have the same voltage.
-2. Indication of the substrate voltage (Vsus) set value:
The set value is indicated on the rear of the imaging device by a code. Adjust to obtain the indicated
voltage at the SUB pin. o o

Vsus code - Two digit indication ' )
Integral part Decimal part

The integral codes correspond to the following actual values:

integral codes 9|A|B|C|D|E|F|G|H}|I |J
Actual values 9jtwo|l11|12]13 |14} 161617 18] 19
EX) F5-155(V)

3. Ground Vss with a 330Q resistance.
4. 1) Current flowing to the ground when a voltage of 20 V is applied to Voo, PD, Vour, Vss and SUB pins.
Test ground all the pins other than those under test.

2) Current flowing to the ground when a voltage of 25 V is applied to V1, Véz, Vs, Vs, Hér and Hee
pins in the order. Apply pin a voltage of 25 V to the SUB pin and ground pins other than those under
test.

3) Current flowing to the ground when a voltage of 15 V is applied to PG and Vea pins in the order.
Apply a voltage of 15 V to the SUB pin and ground pins other than those under test.

4) Current flowing to the ground when Vi pin is grounded, GND and SUB pins are open and a voltage
of 27 V is applied to other pins.

§. Current flowing to the ground when a voltage of 55 V is applied to the SUB pin. In this case ground pins
other than those under test.

— 123 -
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WPMS.1: A Smear-Suppressing CCD tmager
Takao Kuroda, Toshihiro Kuriyama, Yuji Matsuda, Toshiyuki Kozono, Shigenori Matsumoto,
Yoshimitsu Hiroshima, Kenji Horii
Masushita Semiconductor Laboratory

Osaka, Japan
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DARK CURRENT vs TEMPERATURE

10° E ——
4 / .
" // ;
10° ///
102 | | //
//
10! § ,
. / 1
1071 /
10-2...- 2 2 2 3 s 2 2 s s 2 3 s 2 4 o PR s 2 2 s 2 a3 ......... a1 a
0 . 10 20 30 40 50 60 70 - 80 90 100 110

TEMPERATURE (C)



iy

04

o
o

X ¥ou T x (ML)

k;/')’ﬁfé,l.m4 /Ma. /:‘45 A“fo\

/\//'(ée/l M/‘C”Aw/éﬁ /\/dl/‘ f(?



SUMMARY



