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compromising either the n-p-n bipolar or p-channzi
MOS characteristics. The p-channel MOS transisto-s
with Vy=1.7 V, g,,=1000 umhos, and BVps=35V for
W/L=60 and 7.,=1000A have been fabricated with
bipolar transistors having B =100, ft=500 MHz ard
BVero=50 V. The technology developed is similar o
that used for conventional integrated circuits until the
step of channel oxidation. A low temperature oxidation
process was used for forming this oxide which producszs
negligible changes in preceding diffusion profiles. Bias
temperature tests of MOS capacitors made on this oxide
have shown it to be reproducibily contamination free.
The subsequent annealing step to eliminate interface
states and built-in oxide charge and the metalization
procedures are both completely compatible with mono-
lithic integrated circuit technology and provide highly
stable MOS transistors.

A high slew rate MOS-bipolar operational amplifier
has been designed and fabricated on an 0.045- by 0.045-
in chip using the new technology. Typical characteristics
are

80 V/us
70 dB.

li

slew rate

i

voltage gain
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The MOS transistors are used as active loads and
level shifters in this circuit providing a much improved
frequency response over conventional circuits using
p-n-p lateral transistors.
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A Charge-Couphzd Area image Sensor and Frame Store

CARLO H. SEQUIN, DAVID A. SEALER, WALTER J. BERTRAM, JR., MICHAEL F.
TOMPSETT, REGINALD R. BUCKLEY, THEODORE A. SHANKOFF,

AND W.

Abstract—A two-dimensional three-phase charge-coupled array
with 128 X 106 elements, that can serve either as a solid-state image
sensor or as an analog serial memory, has been built. As an image
sensor the device has been operated successfully in the frame
transfer mode to yield 120 frames/s with 64 X106 resolution :le-
ments. By using the whole array as an image sensor, pictures vrith
128 X 106 resolution elements have been obtained at 15 frames/s
with tolerable smearing.

In the memory mode the device can store a whole analog fr:me
as produced by a companion device, or 13 568 bits of digital infor nia-
tion. But for the latter application defect-free devices are mar.da-
tory. The design of the device, the various modes of operation, the
quality of the results, some typical defects, and some further applica-
tions are discussed.

INTRODUCTION

INCE THE CONCEPTION of the idea of charge
S coupling by Boyle and Smith [1], a wide variety
of charge-coupled devices (CCD’s) have been built,
some of which have been demonstrated successfully as
imaging devices and analog serial memories [2]. Lir ear

Manuscript received June 22, 1972; revised September §, 1977,
The authors are with Bell Telephone Laboratories, Inc., Murray
Hill, N. J. 07974,
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devices of up to 500 elements have been fabricated and
operated as analog shift registers [3] or line scanners
[4]. An experimental array with 8 X 15 elements [4] has
shown that two-dimensional scanning is possible in
charge-coupled imaging devices and that such devices
could serve as the basis for the construction of compact
video cameras. Using the frame transfer principle [2],
a three-phase CCD with 64 X106 imaging cells has been
built and successfully operated close to its theoretical
resolution limit.-

TuE DEVICE

The aim of the design was to provide a device big
enough to allow an evaluation of the quality of perfor-
mance and a realistic estimate of the fabricational prob-
lems involved. In the development of such a solid-state
image sensor the possibility of a final application in the
Picturephone® system was anticipated and a format
was used which would allow preliminary experiments

® Registered service mark of the American Telephone and Tele-

~graph Company.

Authorized licensed use limited to: Univ of Calif Berkeley. Downloaded on October 6, 2009 at 18:14 from IEEE Xplore. Restrictions apply.



$EQUIN ef al.: IMAGE SENSOR AND FRAME STORE

INPUT P2
GATE >} P3
INPUT
NPUT REGISTER
DIODE = ——— TOP
GATE
CHANNEL
BOUNDARY
DIFFUSICON
IMAGING
AREA
Py
Pz
L T Ps
P o——1 1
P2
P3
H
- STORAGE
AREA
.
TRANSFER
T ELECTRODES
—
BOTTOM o J
QUTPUT
GATE DIODE
OUTPUT
REGISTER _ , .
Py e e e e ouTPUT
o o T | l CATE
P3
Fig. 1. A schematic diagram of a three-phase charge-coupled image

sensing array organized for frame transfer mode of operation, The
upper register enables it to be used as a frame store.

within this system. A device with 64 X106 resolution
cells corresponds roughly to one-quarter of the esti-
mated requirements for a full size replacement of the
camera tube. To increase the usefulness of the device
with only a negligible increment of effort, a serial input
register was added which permits operation of the image
sensor as an analog serial memory:.

The device thus has four functionally different areas
(see Fig. 1) which are separately addressable and which
have three independent sets of electrodes each, since a
three-phase charge transfer technique is employed. The
main array consists of 106 parallel transfer channels
running in the vertical direction and separated by
stripes of a channel stopping diffusion. Extending across
the channels and common to all of them are 128 triplets
of transfer electrodes. This main array consists of two
individual sections, an imaging area with 64X 106 reso-
lution cells and a storage area of the same size. At either
end of this array, single channel serial registers of 106
elements each, terminated by a diode, are used for
reading charge into and out of the parallel array.

In addition, there are some single independently
addressable electrodes. The first and the last electrode
row in the main array can serve as separate gates to
terminate the imaging area at the upper end, or they
can be fed with special transfer pulses to control the
parallel/serial conversion. The serial registers also end
in separately addressable gates that regulate the charge
flow from and to the input/output diodes.

In a three-phase device with a single level of metalli-
zation, diffused crossunders are required to address
some sets of electrodes. In the serial registers, where two
sets have to be accessed through diffusions, the size of
the contact windows through the oxide combined with
reasonable alignment tolerances yield a minimal hori-
zontal cell length of about 30 um. This length is filled
with three 8-um electrodes separated by 2-um gaps. In
the main array, only one set of electrodes need be con-
nected to a diffusion. However, diffused bus lines are
placed on both sides of the device so as to make the
access windows redundant and to reduce the effect of
contact resistance. Using 9-um electrodes and 2-um
gaps the vertical dimension of the unit cell is 33 um. The
active area of the device is 4 by 5 mm.

The devices are fabricated on 20-40 Q-cm p-type
silicon. An n-type phosphorous diffusion (310" cm?)
provides input and output diodes as well as the cross-
unders. A lighter p-type boron diffusion (2X 104 cm~?)
outlines the 106 transfer channels running in the vertical
direction and the two horizontal transfer channels for
the serial registers. This diffusion keeps the surface
potential close to zero and thus defines the boundary for
the transfer channels. After removing all the masking
oxides used for the diffusions, a layer of 1300-1400 A of
dry HCI gate oxide is thermally grown and annealed.
Typical values for oxide charge and interface state
density are 510 cm—2 and 1 X 10 cm~?, respectively.
A single level of 1500 A of tungsten is then deposited
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