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ABSTRACT

We developed a high performance 5V-
only 1/5-inch 220k-pixel IT-CCD image
sensor by incorporating high efficien-
cy charge pump circuits, pulse mixing
circuits, level shift circuits and
driver circuits. This device reduces
power consumption, number of parts and
volume of camera systems drastically,
and has such applications to small and
mobile video communication tools.

1. Introduction

Recent interline transfer (IT) CCD
area image sensors have attained very
high sensitivity and Ilow noise in
small pixel size about 5um square by
adopting such technologies as buried
photodiode, microlens, and high gain
charge detect amplifiers[1]. Those
devices, however, usually need many
driving voltages from high to negative
value to attain high. sensitivity and
sufficient dynamic range. CMOS image
sensors are one possibility to achieve
low voltage and low power consumption
[2], but the S/N of those devices is
obviously behind the CCD.

To combine low power consumption
with high performance, we developed a
5V-only IT-CCD image sensor by incor-
porating high efficiency charge pump
circuits, pulse mixing circuits, level
shift circuits and driver circuits.
The details of those circuits and the
technology to combine them with CCD
imaging part will be further discussed
in this presentation.

2. Technology of 5V-only power supply
Fig.1 shows the block diagram of a
5V-only CCD imager. The device is
formed from two parts; sensing part
and driving part. The driving part
consists of charge pump, pulse mixing,
level shifiting and driver circuits,
which are driven by 0-5V external
pulses and 5V DC supplies. The sensing
part is a 1/5-inch 220k-pixel IT-CCD.

(A) Charge pump circuits
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Fig.2 shows Dickson voltage multi-
plier[3]. As maximum generated
voltage is restricted by pulse hight
and body effect of MOS FET[4], we
employed punch-through type MOS FET

which is shown in Fig.3.
Power efficiency 35 of the circuit
is descrived as;
n =lo ‘Vo(lo )/
(Io*Vo(0)+X i (Cei1+V4:2-1)) (1)

where I, is output current, Vo(Io) and
Vo(0) are output voltage at I, and Io
=0 respectively, C¢: 1is gate capaci-
tance of MOS FET, V4: is clock pulse
hight, f 1is clock frequency, and i
indicates each stage. The f{first and
the second terms of the denominator of
egation (1) show DC and AC input power
respectively. The DC power efficiency
depends on the voltage drop from V,(0)
to Vo(lo). This drop is caused from
two factors as is shown in Fig.4.
Namely, one is that the electron
charge packet AQ which is swept out
from source per one clock cycle lowers
drain potential by AV;=0Q/(Co+Cs¢),
where Co, is coupling capacitance in
Fig.2 and C¢ is gate capacitance of
MOSFET. The other is that the elec-
tron flow (-Ip) from source to drain
requires the potential difference AV,
between source and the channel under
the gate. AV, can be calculated from
MOS FET characteristics, effective
time of current flow and the charge of
1Q. AV, and AV, are reduced by
increseing Co and W/L of MOS FET,
respectively. To minimize AV;+4V, in
restricted chip area, we optized Co
and W/L. Fig.5 shows the relation
between AV;+0V, and I, in two cases on
the same chip area. We obtained total
power efficiency as 1=52% at [,=200uA,
hence power loss in the circuits 3mW
_which is trivial in_a camera system.

In Fig.2, pumping clocks ¢; and ¢,
are common to horizontal CCD clock and
reset clock to avoid those clocks
interfere with CCD imaging part.




(B) Pulse mix and level shift circuits

Fig.6(a) shows a new pulse mixing
circuit which uses CMOS FETs. This
circuit generates three level pulse
from two level input pulses and can
shift the high level from 5V to VH
(>5V) and low level from OV to -VL
(<0OV). The timing diagram is also
shown in Fig.6(b).

3. Combine with high performance CCD
(A) Pixel structure

Fig./ shows a cross sectional view
of the IT-CCD imaging pixel. The photo
diode (PD) and the vertical CCD (VCCD)
are formed in shallow flat P-well(PW1)
[5]. Another Pwell (PW2) and P* layer
are formed at bottom of the VCCD and
at surface of the PD, respectively. A
doping profile of the PD is optimized
by using high energy ion implantation.
As a result, the signal charge in the
PD is read out to the VCCD completely
or it is swept out to the substrate
completely at the shuttering, under
the condition of driving voltage which
is generated by charge pump circuits
in each case. A doping profile of the
VCCD is also optimized to maintain
sufficient handling signal charge and
to reduce dark current when the VCCD
is driven at 5Vpp pulse. Two layers
of metal optically shield the VCCD to
reduce the smear signal and the resin
microlens covers each PD to rise the
sensitivity.

(B) Well structure

The pulse mixing circuit employs
CMOS FETs, therefore it needs P-well
and N-well whose electric potential
must be independent from that of N-
substrates. As the potential of the
N-substrate changes strongly at shut-
tering mode, we introduce a P* layer
at the bottom of the P-well by high
enery ion implantation, and the N-well
is formed at wupper layer of the P-
well. We obseved .no detrimental
phenomena such as latch-up.

(C) Reset auto biasing circuits

The use of the charge pump circuit
for a reset drain enables self biasing
of a reset clock pulse. Fig.8 shows
the reset auto biasing circuits. The
channel structure of the final stage
MOS FET in the charge pump circuit is
the same as that of the reset gate,
and the source of the MOS FET which
act as the output of the pump is
connected to the reset drain.

Ri-2

Therefore, the voltage of reset drain
is just the same as the channel
conducting potential of the final MOS
FET when external clock ¢z is high.
This means that the channel potential
of the reset gate is just conducting
condition for the reset drain voltage
when external clock ¢r is high.

4. Characteristics
The main characteristics of a 5V-
only 1/5-inch 220k-pixel IT-CCD image

sensor are summerized in Table 1.
Sufficient value for a video camera
use are obtained, even though 5V

single voltage supply and small opti-
cal area. The power consumption of
this device is about 1/3 of that .of
.conventional CCDs, and by using this
device, camera parts and camera volume
are drastically reduced as 62% and 40%
of those of conventional CCD cameras,
respectively.

5. Conclusions

The incorporation of high effi-
ciency charge pump circuits, pulse
mixing = circuits, level shift circuits
and driver circuits with a 1/5-inch

220k-pixel IT-CCD image sensor yields
excellent results for 5V single volt-
age power supply. This device reduces
power consumption, number of parts and
volume " of camera systems drastically,
and widen applications to small and
mobile video communication tools.
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