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BOOSTING‘CIRCUIT.AND SOLID-STATE IMAGE-SENSING
DEVICE EMPLOYING SAID BOOSTING CIRCUIT

BACKGROUND OF THE INVENTION
1. Field Of The Invention: | |

The'present invention relates to a boosting
circuit and a solid-state image-sensing device
employing this boosting circuit, and more
particularly to a pulse—boosting type boosting
circuit a solid-state image-sensing device
employing this pulse-boosting type boosting
circuit.

2. Description Of Related Art:

FIG. 10 is a view showing an example of a
pulse-boosting type boosting circuit of the related
art. In FIG. 10, so-called diode connection N-

' channel type MOSFET's (hereinafter referred to
simply as MOS transistors) M1lOn with their gates .
and drains connected in common are connected in
series in, for example, three stages across the
positive pole of a power supply 101 and a circuit
- output terminal 102.

A clock pulse ¢11 is.then applied to an output
end N101 of the first stage MOS transistor M10l via-
the eapacitor Cll and a'clock pulse ¢;2 of a phase
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pul se- boost ikng type boosting C|mmumhaQﬁsh lajed art. I(E JRhPLACED
so-cal I'ed di ode connection N ch 'S (herelna

to sinply as M3S transistors): Nﬂ ates and drains connected in
common are connected in series |n t hree stages across the

positive pole of a power supply 101 and -a CIrCUIt out put termnal 102. A
clock pulse [err]11 is then applied to an output end N101 of the first,

stage MOS gy aps {9 ¥k @ to that of the clock pulse $11 is
applied to the output end N102 of the second stage
MOS transistor M102.

A load capacitor CL is connected acrose the
output end N103 (circuit output terminal 12) of the
third stage MOS transistor M103 and ground.

The boosting circuit of the above construction
is used as a Vsub generation boosting circuit which |
boosts the power supply voltage in image-sensing
devices known as linear sensors (line sensors) or
area sensors and takes this boosted voltage Vout as
a substrate voltage Vsub.

With these solid-state image-sensing devices,
there is a tendency for a power supply voltage
whieh is starts at 5V to fall to 3V or less. A
‘substrate voltage Vsub of about 5V is necessary,
however, to ensure that the performance of the
image-sensing device can be drawn-out even if the
power supply voltage becomes low. Therefore, as the
power'supply voltage becomes lower, a Vsub
generation boosting circuit becomes necessary for
boosting the power supply VOltage and generating
the substrate voltage Vsub.

When used as a Vsub generation boosting circuit

for a solid-state image-sensing apparatus, the
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N102 of” the second stage MOS 2. A | oad capaci t'er—E+5
connected across the out put
n

_ ( uit output term nal 12) of the
third stage MOS transi stor MLO3 and ground. The boosting circuit. of the
above construction ' '

wholé of the solid-state image-sensing device
substrate (chip) becomes a load capacitance and
large capacitance driving and a current
capacitances become necessary. This causes the
rising characteristic of the boosting voltage Vout
to be poor, as shown in FIG. 11. ;

The problem of the rise time being slow is not
just limited to use in Vsub generation boosting
‘circuits but is common to applications in which
large capécitor drivers and current capacitors
become necessary overall.

With the boosting circuit having the above
structure, the current Ids across the drain and
source of each of the MOS transistors M101 to M103
may be made large so as to make the rise time for
the boosting voltage Vout shorter. In order to
achieve this it is necessary to lower the threshold A
voltage Vth of each of the MOS transistors M101 to
M103, make the channel width larger, or make the
channel length L shorter.

In reality, it is usual to make the channel
width W large. However, in this case the value of
the capacitors Cll and Cl2 etc. have to be made
large so that the potential of the boosting voltage

Vout does not fall as a result of the increase in
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area sensors and takes this boo t as a substrate voltage
Vsub. Wth these solid-state | vices, there is a tendency for
a power supply voltage which is sta to faII to 3V or less. A

substrate voltage Vsub of about 5V is necessary, however, to ensure that
t he perfornmance of the i mge-sensing device can be drawn-out even'if .the
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(gates and drains) of each of the transistors M101
to M103. |

In doing so, when this boosting circuit is
used, for example, as a Vsub generation boosting
circuit of a solid-state image-sensing apparatus, a
large amount of space is required on the substrate
of the solid-state image-sensing circuit in order
to make (on-chip) this boosting ci;cuit, which
impedes the miniaturization of the solid-state

image—sensing apparatus.
SUMMARY OF THE INVENTION

In order to resolve the aforementioned
problems, it is the object of the present invention
to provide a boosting circuit and a solid-state
image-sensing device using this boosting circuit
which have improved boosting voltage rise
characteristics without it being necessary to
change the size of the circuit~elements._

In order to achieve this object, a boosting
circuit comprises a power supply terminal, an
output terminal .a one-way element and a one-way

elément for charging. The one¥way element comprises
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substrate voltage Vsub. Wen used eratlon boosting circuit for
a solid-state inage-sensing appar mhole of the solid-state
i mage- sensi ng devi ce substrate (chlp econes | oad capaci tance and

a plurality of stages connected in series across
the power supply terminal and.the output terminal
in a forward direction going from the power supply
terminal to the output terminal, with clock pulses
being applied between each of the one-way element
stages. The one-way element for charging is
connected in parallel with the one-way element in -
the forward direction.

The one—wéy element for charging may be a MOS
transistor or a diode and a load capacitor may be
connected across the output terminal of the final
stage of the one-way element and earth. The clock
pulses are first and second clock pulses of
opposite phases.

Further, a-solid—state image-sensing'device
comprises é sensor, a charge transfer register, a
charge detector, a power supply terminal, an output
terminal and a boosting circuit. The sensor has a
plurality of arrayed light receivers for converting
incident light into charges corresponding to the
amount of incident light and accumulatihg the
charges. The charge transfer register is for_
transferring charges read-out from each of the
light receivers. The charge detector is for

detecting and converting to electrical signals '
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as shown in FIG 11. The *fse time being slow i's=ret—Fust
limted to use in Vsub ge ng circuits but is comon to
applications in which Iarge rlvers and current capacitors becone
necessary overall. Wth the- boostlng circuit having the above structure,

the current lds across the drain and source of each of the MOS transistors

MLO1 to Nmﬁiarges transferred by the charge transfer

register. The boosting circuit comprises a one-way
element comprised of a plurality of stages
connected in series across the power supply
términal and the output terminal in a forward
direction going from the power supply terminal to
the output terminal, with clock pulses being
applied between each of the one—ﬁay element stages
and a one-way element for charging connected in
parallel:with the one-way element in the forward
direction. |

Preferably, the boosting'circuit boosts a power
supply voltage and génerates a substrate voltage.
Also, the sensor, charge transfer register, charge
detector and boosting circuit are formed on the
same substrate.

The one-way element for charging may be a MOS
.transistor or a diode and a load capacitor may be
connected across the output terminal of the final
stage of the one-way element and earth.

A load capacitor may be connected across the
clock pulse input terminal and the one-way element
output terminal. ' |

The clock pulses afe first and second clock

pulses of opposite phases. The clock pulse may also
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wi dth larger, or make the cha horter Inreality, it is usual -
to make the channel wdth WIarge. Fbmever in this case the value of the
capacitors Cl1l and Cl12 etc. have to be nade | arge so that the potential of

t he boosting voltage Vout does not fall as a result of the increase in

be a transfer clock for d:iving the charge transfer

register.

With the circuit of the above constrﬁction,
when the power supply is turned on, first, a load
is charged via the one way element due to this one-
way element for charging connected in the forward
direction from the power supply side to the circuit
output terminal side goihg into a forward biased
state so as to conduct.

Further, the plurality of stages of the one-way
element for boosting also go into forward bias so
as to conduct due to,the powér supply going on, so
that the charging operation which accompanies the
boosting operation of the plurality of stages of
the one-way element is also carried out in parallel
and the load charging voltage therefore rapidly
rises up to the power supply voltage.

When the load charging voltage exceeds the
power supply voltage, the one-way element for

| charging which has been carrying out charging up
until this point goes into reverse bias so as to be
_ih an non-conducting state.

Charging due to the oné—way element is

.therefore not carried out aftér this and a boosting

operation is performed by the plurality of stages
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a first

embodiment of the present invention;

FIG. 2 is a wave diagram showing the response

waveform when the power supply is turned on for the

first embodiment;
FIG. 3 is a timing diagram under fixed

conditions for the first embodiment;

FIG. 4 is a circuit diagram showing an example

modification of the first embodiment;

FIG. 5 is a view showing the structure of an

example of a CCD linear sensor of the present

invention;

FIG. 6 is'a cross-sectional structural view of

the essential parts of the CCD linear sensor having

- boosting circuit which generates a substrate

voltage.

"FIG. 7 is a circuit diagram showing-a second

embodiment of the present invention;

FIG. 8 is a wave diagram showing the response

waveform when the power supply is turned on for the

second embodiment;.

FIG. 9 is a timing diagram under fixed
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SUMVARY OF THE | NVENTI ONhj 8l ve the aforenentifpned pPREPULAGED
it is fhe object of the p“ ] on to provide a boost¥rgcrrcurt and
a solid-state i mage- sensi g this boosting circuit which have

i nproved boosting voltage rise characteristics without it being necessary
to change the size of the circuit elenents. In order to achieve this

obj ect, a boosting circuit conprises a power supply ternlnal an
conditions for the second embodiment;

"FIG. 10 is a circuit diagram showing a re;ated
art example; and

FIG. 11 is a ane diagram showing the response
waveform when the power supply is turned in the

related art example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

The following is a detailed description, based
on the drawings, of the embodiments of the present
invention. |

FIG. 1 is a circuit diagram showing a first
eﬁbodiment of a booster circuit according to the
present invention. In FIG. 1, for example,  three
stages of MOS transistors Mn for boosting having
their gates and drains connected in common aré
connected in series in the forward direction from
the side of the power supply 1 to the circuit
output element 2 as a one-way element across the
positive pole side of the power supply 1 and the
circuit output element 2.

A clock pulse ¢1 is applied to the output end
N1 of the first stage MOS tfansistor Ml via a
capacitor Cl. On the other hand, a clock pulse $2
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one-way el ement conprises Ib$Be lmﬁdages connect in |
across the power supply tern1na t termnal in aftorward
direction going fromthe power to the output termnal, with

cl ock pul ses being applied between each one-may el enent stages. The
one-way elenent for charging is

having a phase which is the opposite of that of the
clock pulse ¢1 is applied to the output end N2 of
the second MOS transistor M2.

A load capacitor CL is connected between the
output N3 (circuit output terminal 2) of the third
stage MOS transistor M3. |

J A MOS transistor M4 for charging is connected
across the positive pole side of the power supply 1
and the circuit output terminal 2 in a forward |
direction going from the side of the power supply 1
to the side of the circuit output terminal 2.-i.e.
the gate and drain of the MOS transistor for
charging are wired to the positive pole side of the
power supply 1 and the source is wired to the
circuit output terminal 2.

This MOS transistor M4 for charging is provided
for promptly charging the load capacitor CL at the A%
time of bower supply sﬁart—up ana the drain-source
current Ids is set to be large.

Specifically, the drain-source current Ids of
the MOS transistor M4 is set to be large by
lowering the threshold voltage vth of the MOS
transistor M4, making the channel width W large, or
shortening the channel length L.

. Next, a description is given of the booster

- 10 -
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The one-way el ement for ché@ﬂlﬁ~ e mwts transi stor or od BERLACED
| oad capaC|tor may be connec H HE output term nal of the Trnal _
stage of the one-way el enent e clock pulses are first and
second cl ock pul ses of opposite phases. Further, a solid-state

| mge-sensing device conprises-a sensor, a charge transfer register, a

charge detector, a power supply termnal, an output termnal and a boosting
circuit. ThperatSdnh&drd the booster circuit of the first

embodiment having the above construction.

First, the power supply goes on (power supply
on), the MOS transistor M4 for charging conducts so
as to become forward-biased and the charging of the
load capacitor CL wvia the MOS transistor M4 for
charging therefore commences. Further, by turning
on the power supply 1, the MOS trahsistors'Ml to M3
for boosting also become forward biased and conduct
(go on) so that the charging which accompanies the
bopsting operation of the transistors M1 to M3 for
boosting can be carried out simultaneously.

In this way, the booster voltage Vout can be
made to rise quickly, as shown by the solid line in
FIG. 2, because the load capacitor CIL can be
rapidly charged via the MOS transistor M4 for
charging at the time of turning on. The dashed line
in FIG. 2 shows the response waveform at the time
of turning on for a related arteexample.

The charging of the load capacitor continues,.
and when the charging voltage exceeds the power
supply voltage Vdd, the MOS charging transistor M4
goes into reverse bias state, so that the
conducting state is cut off.

After this, the -ordinary boosting operation

- 1] -



‘plurality of arrayed Tight Teceivers for convertlng i nci dent r@ﬁSSHﬂESHASBEEN

charges The charge tran
fromeach of the light r
converting to electrical

transfer

charges cor respondi ng tﬂstsh& mnuem =ﬁice¢ nci dent |ight and accfnul at RERLAGRD
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6 charges transferred by the charge

using the MOS booéting transistors M1 to M3 is
carried out. This ordinary boosting operation is
described with reference to the timing chart in
FIG. 3. |

First, when the clock pulse ¢1 is of a low
level (i.e. low), the gate and drain of the MOS
transistor M1 are connected to the positive pole
side of the power supply 1. The voltage V1 of this
output end N1 is therefore lower than the power
supply voltage Vdd by an amount Vxi. This Vxi1 is the.
voltage drop portion due to the threshold voltage
vthi of the MOS transistor Ml.

Under thesé conditions, if the clock pulse ¢1
is inputted via the capacitor Cl, the voltage V1 at
the output end N1 of the MOS transistor Ml is
boosted only by the peak value portion of the clock
pulse ¢1.

On the other hand, the clock pulse ¢2 is of an
opposite phase to that of the clock pulse ¢1.
Therefore, when thé level of the clock pulse ¢2 is
low, the voltage V2 at the output end N2 of the MOS
transistor M2 becomes lower than the voltage V1 of
the output end N1 by just Vx2. The voltage Vx2 is
’the voltage drop portion due to the threshold
voltage Vthz of the MOS transistor M2.

- 12 -
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termnal to the output term pul ses being applied between
each of the one-way el enent stages and a one-way el enent for charging
connected in parallel with the one-way elenent in the forward direction.
Preferably, the boosting circuit boosts a power supply voltage and

generates a sulmidetethelgeigsonditions, if the clock pulse ¢2

~is inputted via the capacitor C2, the voltage'vz'at
the output end N2 of the MOS transistor M2 is
boosted only by the peak value portion of the clock
pulse 02. |

The voltage V2 at the output end N2 is smoothed
by the MOS transistor M3 and the load capacitor CL
and derived from.the circuit output terminal 2_as
the boosting voltage Vout. The_boosting voltage
Vout is lower than the voltage V2 of the output end
N2 by an amount Vx3. Here, Vx3 is the lowering of

| the voltage due to the threshold voltage Vth; of the
" MOS transistor M3. '

As described above, by providing the MOS
charging transistor M4 of which the gate and drain
are connected to the positive pole side of the
power supply 1 and source is connected to the
circuit output terminal 2 in a pulse boosting-type
boosting circuit, when the po&er supply is turned
on, the'boosting voltage Vout can be made to rise
rapidly because the load capacitor CL is rapidly
. charged via the MOS charging transistor M4,

Also, a boosting éircuit for which.the boosting
voltage Vout rises rapidly when the power supply is

turned on can be provided_without making the size

- 13 -
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may be a MOS transistor or a di od ﬁ“ apacitor may

across the output termnal of the f the one-way el enent and
earth. A load capacitor may -be connected across the clock pul se input
termnal and the one-way el enment output termnal. The clock pul ses are
first and second cl ock pul ses of opposite phases. The clock pul se may al so

of the MOS boosting transistors M1 to M3 and the

. capacitance values of the capacitors Cl and C2
large by setting the drain-source current Ids of
the MOS charging transistor M4 to be large. The
space that goes with having small-sized transistors
and small—capacitance capacitors can be saved
within the circuit structure.

In the aforementioned embodiment, a description
has been given for the case where a diode
connection MOS transistor M4 has been used as the
one-way element. However, as shown in FIG. 4, a
diode D1, the anode of which is connected to the
positive pole side of the power supply 1 and the
cathode of which is connected to the circuit output
terminal 2, may also be used. '

But, with boosting circuits using MOS
transistors as the one-way boosting element, using A%
the diode connection MOS transistor M4 has
advantages with regards to making the circuit, as
shown in the first embodiment. However, variations
occur more often with MOS transistors than with
diodes. The use of a diode D1 as the one way
boosting element therefore provides a
characteristic with fewer variations, as shown in

the example shown in FIG. 4.

- 14 -
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first, 'a load is charged vi a enent due to this orme—way
el ement for char gi ng connec rd direction fromthe power
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supply side to the circuit output ter side going into a forward biased

FIG. 5 is a structural view showing an example
of a solid-state image-sensing device employing a
boosting circuit of the aforementioned construction
as a Vsub generator boosting circuit. An
application in a CCD linear sensor is shown as the
solid-state image-sensing apparatus in this
example, but applications are by no means limited
to CCD linear applications and applications in
.solid-state image-sensing apparatus including area
sensors other than CCDs are also possible.

As shown in FIG. 5, the CCD linear sensor
comprises a sensor row 12 cohsisting of a plurality
of light receivers 1l made up from photodiodes etc.
which convert and accumulate incident light into a
charge correqunding to the amount of light and a
charge transmitting register 14 made up of a CCD
for transmitting signal charges outputted from each
of the light receivers 11 of the sensor row 12 via
a read—éut gate 13.

~ The read-out gate 13 immediately reads out to
the charge transfer register 14 the signal charges
accumulated at each of the light receivers 11 of
the sensor row 12 using the application of the
read-out pulse ¢ROG. The signal charge is

transferred using two-phase driviﬁg employing two-

- 15 -
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boosting operation of the plu E]m mlEL ﬁes of  the one-way elenent is

al so carried out in parallel har gi ng vol tage therefore

rapi-dly rises up to the power supply voltage. Wen the | oad charging
vol t age exceeds the power supply voltage, the one-way el enment for charging

which has BRI A FahBhiULi SHAI kY PoR1 and ¢H2. A charge

voltage converter (charge detector) 15, of, for

example, a floating diffusion structure for
detecting the transmitted signal charge and
converting it to a voltage is formed at the final
stage of the charge transfer register 14. The
output vdltage for this charge voltage converter 15
is outputted from the output terminal 17 via the '
buffer 16 as the.CCD output.

With the CCD linear sensor of the
aforementioned structure, the boosting circuit of
the present invention is used as a Vsub generator
booster circuit 18 for boosting the power supply
voltage Vdd and generating a substrate voltage
Vsub. This Vsub generator booster circuit 18 is
made (on chip) on the same substrate 19 as the
sensor row 2 and the charge transfer register 14
and uses two-phase clocks ¢H1 and ¢H2 as the clock
pulses ¢1 and ¢2. '

It is also possible to use the boosting circuit
not just as the Vsub generator booster circuit 18
but also for providing the operating power supply
'voltages to other circuits.such as the buffer 16.

FIG. 6 is a cross-sectional structural drawing

showing the essential parts of the Vsub generator

'-16 -
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booster circuit 18 formed on-chip with the CCD
linear sensor.

In FIG. 6, a light receiver 11 comprised of a
P* type hole accumulation 1ayex 22 on én.EF type
load accumulation layer 21 is formed within a P-
wéll on an N-type silicon substrate 19. A read-out
gate 13 comprised of an N-type impurity region 23
with a gate electrode 24 provided at:it's upper end
and a charge transfer register 14 comprised of an N'
type impurity region with a transfer electrode 24
provided at it's upper end are formed next to the
light receiver 11. |

A final stage MOS transistor (the MOS
transistor M3 in FIG. 1) taking an N-type impurity
region 28 as it's source region, an N-type impurity
region 29 as it's drain région, with a gate
electrode 30 being provided above and between
regions 28 and 29, is formed within a separate P-
well 27 which is formed Separately from the P-well
20.

A Boosting voltage is derived from the source
region 28 of the final stage MOS transistor M3.
This boosting voltage is then taken as the
-substrate voltage Vsub and appliea to the N+ type

non-volatile region 31 formed on the surface side

- 17 -
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invention; FIG 2 is a Wamﬁgg;[é m show ng the response wavi orm

power supply is turned on h&abodlnent FIG 3 i¢

di agram under fi xed condlt |rst enbodinent; FIG 4 is a
circuit diagram show ng an |cation of the first enbodi nent ;

FIG 5 is a view show ng the structure of an exanple of a CCD |inear sensor
of the present invention;

of the N-type silicon substrate 19.

In the above way, by using the boosting circuit
of the present invention as the Vsub generator
booster circuit 18, the'boosting circuit of the
present invention can charge a large capacitance
with a small MOS transistor and can therefore
achieve this on-chip and the chip-size can also be
made small. |

This will contribute to the compactness of the
CCD linear sensor and can also deal with lowering
of power supply voltages. -

‘Second Embodiment

FIG. 7 is a circuit diagram showing a second
embodiment of a boosting circuit according to the
present invention. In this diagram, portions which
are the same as portlons 1n FIG. 1 will be given
the same numerals. In this embodlment, a structure
is adoptéd where the number of MOS boosting |
transistor stages is increased so that, for
example, MOS transistors Mn are connected in 5
stages in series, with the intention of generating
a higher boosting voltage Vout.

In FIG. 7, MOS boosting transistors M1l to M15
with their gates and drains connected in common are

connected across the positive pole side of the

- 18 -
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when the power supply st on for t he second enbodlnent FIG 9is a
ti mng diagram under fi xed

voltage. FIG 7 is a ci rc ;}‘\‘%! wi ng'a second enbodi nENC ot the

power supply 1 and the output circuit terminal 2 so
as to be in series in the forward direction from
the power supply 1 side to the circuit output
terminal 2 side as a one-way element.

A clock pulse ¢1 is applied to each of the
output ends N11 and N13 of the first and third
stage (odd numbered stages with the final stage
excluded) MOS transistors M1l and-M13 via
capacitors Cl and C3. On the other hand, a clock
pulse ¢2 of opposite phase to the clock pulse ¢1 is
applied via a capacitor C2 to each of the output
‘ends N12 and N14 of the second and fourth stage
(even numbered stages) MOS transistors M12 and Ml4.

A load capacitor.CL is then Eonnected across
the output end N15 (circuit output terminal 2) of
the fifth-stage MOS transistor M15 and earth.

Further, a MOS transistor M16 for charging
which has it's gate and drain connected in common
is connected across the.positive pole side of the
power supply 1 and the circuit output terminal 2 as
a one way element and is connected in the forward
direction going from the side of the power supply 1
to the side of the circuit output terminal 2. i.e.
the gate and drain of the MOS transistor Ml1l6 for

charging are wired to the positive electrode side
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9 conditions for the second enbodi nent; FIG 10 is a cifcui fmfr
showi ng a related art exanpl e; m@%ﬁ'}ﬁ&ﬂé&ﬁae@d Wwave di'agra_ttshg\%ﬁgﬁ/\s BEENJ

response wavef orm when the power ned in the rebkatetopet
Jﬂw BH#EIE% EMBODI MENTS Fi r st Enbodi ment
! on the draw ngs, of the

exanpl e. DETAI LED DESCRI PTI ON
.0of the power supply 1 and the source is wired to

The followng is a detail ed des
enbodi nents of the present '

the circuit output terminal 2.

Next, the charging operation of the charging
circuit of the second embodimen€ having the above
construction is described. |

First, the power supply goes on (power supply
on), the MOS transistor M16 for charging conducts
so as to become forward-biased and the charging of
the load capacitor CL via the MOS transistor M16
for charging therefore commences. Further, by
turning on the power supply 1, the MOS transistors
M1l to M15 for boosting also become forward biased
and conducts (goes on) so that the charging which
accompanies the boostiﬁg operation of the
transistors M1l to M15 for boosting can be carried
out simultaneously.

In this way, the booster voltage Vout can be
made to rise quickly, as shown by the solid line in
FIG. 8, because the load capacitor CL can be
rapidly charged via the MOS tranSistor M6 for
charging at the time of turning on.

If the response waveform at the time.of turning
on the power supply in the first embodiment in FIG.
2 is_compared with the response waveform at the

time of turning on the power supply in the second

- 20 -



invention. FIG 1 is a circuit diiagramshowing a first enbf "T‘gr-% ri’As?EEN

three stages of MOS transistors

booster cirguit according to thehﬁﬁ Ot1ad BeéeREpl0el. | N FLG_ .y
avi ng theil ﬁat;ézaﬂgzr————~
Eﬁ&mﬂﬁ%‘ﬂﬁs in the forward direction
t output element 2 as a

drains connected in comon are con*
fromthe side of the power supply 1
one-way el enent across the positive pole side of the power supply 1 and the
circuit output elenent 2. A clock pul se [err]l is applied to the output end

embodiment in FIG. 8, the speed of the rising of
the boosting voltage Vout can be seen to increase
as the number of MOS transistors M1 to M5 for
charging is_made large. |

The charging of the load capacitor continues,
and when the charging voltage exceeds the power
supply. voltage Vdd, the MOS charging transistor Ml6
goes into reverse bias so as to become non-
conducting (off).

After this, the boosting operation using the
MOS boosting transistors M1l to M15 is carried out
under fixed conditions. The boosting operation
under these fixed conditions will be described with
reference tolthe timing chart in FIG. 9. |

First, the voltage V11l at the output end N1l of
the first stage MOS transistor Mll is lower than
the power supply voltage Vdd by the voltage Vxii,
which is the voltage drop due to the threshola
voltage Vthi; of the MOS transistor Mll. |

Under these conditions, when the clock pulée o1
is inputted via the capacitor Cl, the voltage V11
at the output end N1l of the MOS transistor M1l is
boosted by a value equal to the wave helght of the
clock pulse ¢1 _

Then, the voltage V12 at the outpﬁt end N12 of



‘N1 of the f| rst stage MOS transi stor mpam tor Cl. (nhTHiSeSHERRHAS BEEN

that of the clock pul se [err]l
second MOS transistor M2. A Ioa
output N3 (circuit output term

out put end NZ of tTe
is connected between the

a clock pulse [err]2 fygshéyh ei' hﬂSﬁ whi ch i s the floppos RERLACED
e
ﬁ ! third stage MOS transistor NB.

the second stage MOS transistor M12 is lower than
the voltage V11l at the output end N1l by the

voltage Vxiz, which is the voltage drop due to the
threshold voltage Vth;; of the MOS transistor M12.

- In these circumstances, when the clock pulse ¢2
is inputted via the capacitor C2, the-voltage V12
at the output end N12 of the MOS transistor M12 is
boosted by a value'equal to the wave height of the
clock pulse ¢2.

Next, the voltage V13 at the output end N13 of
the third stage MOS transistor M13 is lower than
the voltage V12 at the output end N12 by the
voltage Vxi3, which is the Voltage drop due to the
threshold.voltage Vthy;s of the MOS transistor M13.

In this situation, when the clock pulse ¢1 is
inputted via the capacitor C3, the voltage V13 at
the output end N13 of the MOS transistor M13 is
boosted by a value equal to the wave height of the

clock pulse.¢1.
| After this, the voltage V14 at the output end
'N14 of the fourth stage MOS transistor Ml4 is lower
~ than the voltage V13 at the output end N13 by the
voltage.V&M, which is thé voltage drop due to the
threshold voltage Vth;s of the MOS transistor Ml4.

Under these circumstances, when the clock pulse

-22 -



"A M35 transistor M4 for charging is connected across the pbiL?ﬁﬁ%s B eHAE BEEN

of the power supply 1 and the c ﬁb@tﬂ%ﬁﬁumﬂmm nal 2 in or WEERLACED

di rection going fron1the S|de 0 ly 1 to the side of the —

circuit output term nal mgmﬂm ain of the MOS transistor

for charging are wired to the po st de of the power supply 1 and

the source is wired to the circuit output termnal 2. This MOS transistor

M4 for charging is provided for pronptly charging the | oad capacitor CL at

the t'”9‘$2FE@BEn§HHEédS%i 5l -t 28 pERE tHRI 04SOWKE voltage
V14 at the output end N14 of the MOS transistor Ml4
is boosted by a value equal to the wave height of
the clock pulse ¢2.

The voltage V14 at the output end N14 is
_smoothed by the MOS transistor M15 and the load
capacitor CL and derived from the circuit output
terminal 2 as the boosting voltage Vout. The
boosting voltage Vout is lower than the voltage V14
of the output end N14 by an amount Vxis. Here, Vxis
is the lowering of the voltage due to the threshold
voltage Vth;s of the MOS transistor MI15.

A higher-voltage boosting voltage Vout can be
derived by increasing the number of stages of MOS
transistors for bodsting.

Therefore, according to the boosting circuit of
the second embodiment, in the case of use in the
Vsub generation boosting circuit of the solid-state
image-sensing device shown in FIG. 5, the necessary

- substrate voltage Vsub of about 5V for realizing
the performance of the solid-state image-sensing
device can be easily obtainéd even if the power
supply voltage for the solid-state image sensing
dev1ce is reduced by about, for example, 1.5V.

It is also possible to use a diode D1 as the
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" current

Ids is set to be Iarge Specifically, the drain-sou cqummHmHAﬁﬁEEl\j%

of the MOS. transistor Mt is g8 sieor HRSBlARGS kY | OWering the t hr es REPHACED

voltage Vt h of the MOS transi t he channel w d&F=¥Farge, O
‘shortening the channel length IIU”H mcri ption is given of the
boost er 11 operation for t uit of the first

one-way element in place of the diode connection_
MOS transistor M6 in the example modification of
the first embodiment shown in FIG. 4.

Also, the number of stages of MOS transistors
for boosting is by no means limitéd to the three
stages and five stages shown in the first and

second embodiments. Two stages, four stages or six

- stages or more are also possible, whereby the.

larger the number of MOS transistor stages for
boosting, the higher the boosting voltage which can
be extracted.

As described above, according to the present
inventioﬁ, by adopting a construction where a one-
way element is connected across a power supply and
a circuit output terminal in the forward direction
going from the power supply side to the circuit
output element side in a pulse-boosting type
boosting circuit, the rising characteristic of the
boosting voltage can be improved without it being
necessary to adapt the size of the circuit elements
because the load can be rapidly charged via the
one-way elements at the time of turning on the
power supply.

Further, with the boosting-circuit according to

the present invention, an on-chip construction can
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" enbodi nent havi ng the above construct |"6We power sl H‘%Sé%;@ BEEN

(power, supply on), the MOS transnﬁkgthﬁ an i ng conduct.s_so

becone forward-biased and the cha capacitor CL via the MOS
transi stor M4 for charging theref Héiﬁfmrther by turning on the
power supply 1, the MOS tran5|stor boosti ng al so becone

forward biased and conduct (go on) so that t he chargi ng whi ch acconpani es
t he boosting operation of the transistors ML to M3 for boosting can be
carri ed cbe sidoptedeamx ythénchiips-sihge dan doesmedes@mabyd Yout can be

applications in solid-state image-sensing devices
because a 1arge capacitance can be charged using
compact circuit elements.

This therefore contributes to the compactness
of the solid-state image-sensing device and is
compatible with the lowering of the power supply

voltage.
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rrade—t—e—r—l—se—qul ckty;—as shown by thé sofid+ine in—FIG 2, MB&!&EHES'IAS BEEN

| oag n be rapidly chg gﬁ= i the MOS transi sf{or MIREBEACED
cha i g nlnﬂﬂ of turning on. eplaggdj n F| G STrows ™~ t e
res the time of tur related art exanple. The
charging of the | oad capacitor conti t he charging vol t age

exceeds the power supply voltage Vdd, the MOS charglng.transistor M4 goes
into reverse bias state, so that the conducting state is cut off. After

this, the WHATadS KJeRIMED difr ati on

1. A boosting circuit comprising:

a power supply terminal;

an output terminal; |

a one-way element comprising a pluraiity of
stages connected in series across the power supply
terminal and the output terminal in a forward
direction going from the power supply terminal to
the output terminal, with clock pulses being
applied between each of the one-way element stages;
and

a one-way element for charging'Connected in
parallel with the one-way eiement in the forward
direction.

2. A boosting circuit accordipg to claim 1,
wherein the one—wey element for charging is a'MOS
transistor.

3. A boosting circuit according to claim 1,
wherein the one-way element for charging is a
diode.

4. A boosting circuit according to claim 1,
wherein a load capacitor is connected across the
output terminal of the final stage of the one-way
element and earth.

5. A boosting circuit according to claim 1,

- 26 -



THIS SHEET HAS. BEEN

'12 using the MOS boosting transistors NH_T—“WB_ls s—carfied out, Thi REPLACED

ord| ration is describe referen e to the'timng chart

F”m,'mmmmiﬂm mn t he cl ock pul s@ pect B I ow level (i.e. low,
the gat & ard drasn t he MOS tranS|st ected to the positive
pol e side of the power supply 1. The v hi s

wherein the clock pulses are first and second clock
pulses of opposite phases.

6. A solid-state image-sensing device
comprising:

a sensor having a plurality of'arrayed light
receivers for converting incident 1ight-into
charges corresponding to the amount of incident
light and accumulating the charges;

a charge transfer register for transferring
charges read-out from each of the light receivers;

a charge detector for detecting and converting
to electrical signals chafges transfe:red by the
charge transfer register;

a power supply terminal;

an output terminal; and

a boosting circuit_comprising:

a one-way element comprising a plurality of
stages connected in series across the power supply
terminal and the output términal in a forward
direction going from the power supply terminal to
the output terminal, with clock pulses being
applied between each of the one—way element stages:;
and |

a one-way element for charging connected in

parallel with the one-way element in the forward

- 27 -



S BEEN

‘out put_en I's therefore | ower h n the pomer supply volta ?§F EA
f the PEPEAGEP

anoun err] is the tion due t

vol t J"’"ﬁw H,’Hm' , m MOS tran5| st hese conditions, if the
clock bulset[err]4 is inputted C1 t he voltage V1 at the
out put end N1 of the MOS tran5|stor M is boosted only by the peak val ue
portion of the clock pulse [err]1. On the other hand, the clock pul se
[err]2 is of an opposite phase to that of the clock pulse [err] 1.

Ther ef or e, Giilz@ctbenl.evel of the clock pul se [err]2 is

7. A 'solid-state image sensing device
according to claim 6, wherein the boosting circuit
boosts a'power supply voltage and generates a
substrate voltage.

8. A solid-state image-sensing device
according to claim 6, wherein the sensor, charge

'transfe: register, charge detector and boosting
circuit are formed on the same substrate.

9. A solid-state imagé-sensing device
according to claim 6, wherein the one-way element
for charging is a MOS transistor.

10. A solid-state image-sensing device .
according to claim'6, wherein the one-way element
for eharging is a diode.

11. A solid-state image-sensing device
‘according to claim 6, wherein a load capacitor is
connected across the output terminal of the final
stage of the one-way element and earth.

12. A solid-state image-sensing deviee
according to claim 6, wherein a capacitor is
connected across the clock pulse input terminal and
the one-way element output terminal.

13. A solid-state image-sensing device

according to claim 6, wherein the clock pulses are

- 28 -



Tow, the voltage VZ at the output end N2 of the MOS transist|”ﬂﬂS$HEEMHASBEEN

'vf:'f:]t“amlwmumlmump%oﬁrsoﬁ“aﬁzj}ﬁrfmwﬁﬁfld M

MOS tranststbr WR2® $ 18 Under these ¢ he cl ock pulse [err]2
I's inputted via the capacitor , the voltage V. he output end N2 of

the MOS transistor M2 is
first and second clock pulses of opposite phases.
14. A solid-state image-sensing device
according to claim 6, wherein the clock pulse is a

transfer clock for driving the charge transfer

register.
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. L THIS SHEET HAS BEEN
boosted only by the peak val ue portion of the clock pulse [erjf]2. HREPLACED
vol.tage V2 at the output end N2 isg,s ReedMOS trans
the | oad capacitor CL and derivedSP'QR8£ QQRQMR output ternminal 2 as the
boosti ng vol tage Vout. The boostlng §s: | ower than the voltage
V2 of the output end N2 by an anount err] Is the | owering of .
the voltage due to the threshold voltage Vth[err] of the MOS transistor M

As described above, by %Bé%&eq‘ t&e%@ %&Sgwnm stor M4 of which

the gate and drain

BOOSTING CIRCUIT AND SOLID-STATE IMAGE-SENSING
DEVICE EMPLOYING SAID BOOSTING CIRCUIT

A boosting circuit comprises a power supply
terminal, an output terminal a one-way element and
a one-way element for charging. The one-way element
comprises a plurality of stages conhected in series
across the power supply terminal and the output
terminal in a forward di:ection going from the
power supply terminal to the output terﬁinal, with
clock pulses being applied between each of the one-
way element stéges. The one-way element for
charging is connected in parallel with the one-way
element in the forward direction. It is therefore
possible to provide a boosting circuit with an
improved boosting voltage rise characteristic
without having to change the size of the circuit

elements.
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are connected to the positive pol e SiRettas BRERAMET suppl y- 1 TEHISISISERT 6RS BEEN

connected te the circuit output ter
boosting circuit, when the power su
Vout can be nade to rise rapidly be

HIA

| se boost ifjng-t ypEPLACED
on, the boGstTrTig Vvortage
a

capacitor CL is rapidly

charged via the MOS charging transistor M. Al so, a boosting circuit for
which the boosting voltage Vout rises rapidly when the power supply is

turned on can be provided wi thout nﬁklln&

the size

1 ¢2
0O
C1 c2
1 1 1 N3 i
1 |
Vdd MV M2 /ve) — o Vout
ST N1 N2 ==CL
1 777
T
FlG.2
o Vout
[v]} {
fffff _\_

GND 4 /

vdd | /

\Wdd

1/6
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14 of the mhb@ﬁ Si istors ML to MB and the capaci ta‘tJé’"%§H§§§%§BEEN
t he capaC|t arge by setting the drain-source cirrentRERIAGHD

t he MOS cha !"HM or M4 to be |arge. The space that goes w th having '
smal | -si zed nd ‘'snmal | - capaci t ance capacitors can be saved

within the CII‘CUIt structure. In the aforenentioned enbodi nent, a

description has been given for the eG/\/ne a di ode connection MOS
transi stor M4 has .been used as theFai . 3e :

[\'/]_Vdd 1 r_1 1

oo b L L4 L4 LJ i ¢
t{s]
vd | VR e T s WY ot B S
(vl A D T B 'Y
. GND § Lol b beid leeed ol N
i t(s] .
V] g IOy JERPMRE iy PRI g g SR s PP AR B Vout
' : ! | ; oo ! i eV
s e s B =
vag L4 L e ol
_ﬂVXI - §/xz .:/{xs vdd
GND + -
tls]
FlG.4
é1 $2
0 o
CI__ c2|
. _ 2
| e 1 1
Vdd M (V1) M2 (v2) M3 5’V°”t
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/ j r]7 ~d
. L1 777 -

D1
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one-way el eneris.shédoMp 'Re Eceghown in FIG 4, a diode D1, the
whi ch is conne ISI'tive pole side of the power sup
cat hode of V\hla'wimmiﬂéﬁ d tothe circuit output term nal
used. But, wt cuits using MOS transistors as th
boosti ng el enent,

advantages with regards to nmaking t I JCui

enbodi ment. However, variations occ &

with diodes. The use of a diode DI as the one wa
12 sensor ro

)

., as shown in th

———

AFGSHEET HAS BEEN
iy 1 BEBLAGED
27Ty arso—bhe——=

e one-way

usi ng the di ode connection MOS transistor M4 has

e first

ten with MOS transistors than

I3 read-out gate
/
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boost i ng eIeWEEMmHﬁEEF

]t

as shown i.n t
showi ng an ex ﬂ&
boosting circ

L

FIG 4.

Fl

6.7

rovides a characteristic with fewj
15 FIG 5 is a st
d- st at e i mage-sensi ng devi ce enpl
enmenti oned construction as a Vsub generat or
boosting circuit. An application in a CCD |inear sensor is shown as the

 THISISHEET d1S BEEN
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solid-state image-sensing apparatus in this exanple, but appj |cat IHE’FQ_A@’E@
by no _neans |i m TigosHe® Hed38eh RpRAdd appl i cations and appl i cati-oms
solid-state i mage tus including area sensors other than CCDs
are al so possi bl e. ﬁuwm FI G 5, the CCD |linear sensor conprises a

sensor row 12 con urality of light receivers 11 nade up from
phot odi odes etc. which convert and accumul ate incident |ight into a charge

corresponding to the anount of light and a charge transmitting register 14
made up of a CCD for transmitting signal charges outputted from each

FI6.9

THIS SHEET HAS BEEN J
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read- Qut .gate 1

|

of the light regﬁggﬁ&?ﬁa&ﬂeeokeu‘ﬁéi sensor row 12 via a read-oﬁt Tt HEEY HA$ BEEN
|

ads out to the charge transfgr r eqREPRACER
t he signal chargéﬁ at each of the light receivers 11 of the
sensor row 12 usi ppltcation of the read-out pulse [err] ROG The
signal charge is transferred using two-phase driving enploying two- 16

Fl16.10
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| . -
~phase transm ssion clocks [err]HL and [err]H2. A charge vol agép%%ﬁ$g%¥EFHrET

(charge detector) 15, of, for exanple, a floating diffusion sg)gtgg_tgg_rzgmg_r_lggsm

detecting the transmtted signal charge and converting it t

formed at the final stage of the charge transfer register 14. The out put
vol t dge‘feor this charge voltage converter 15 is outputted fromthe out put
terminal 17 via the buffer 16 as the CCD output. Wth the CCD |inear sensor
of the aforenentioned structure, the boosting circuit of the present

i nvention i s BROSTING \GIRCHEZMe ANDr SOLID-STATE IMAGE-SENSING

DEVICE EMPLOYING SAID BOOSTING CIRCUIT

BACKGROUND OF THE INVENTION
1. Field Of The Invention:

The present invention relates to a boosting
circuit and a solidfstate image-sensing device
émploying this boosting circuit, and more
particularly to a pulse—boosting tvpe boosting
circuit a solid-staté image-sensing device
employing this pulse-boosting type boosting
circuit.

_2; Description Of Related Art:

FIG. 10 is a view Showinglan example of a
pulse-boosting type boosting circuit of the related
art. In FIG. 10, so-called diode connection N-
channel type MOSFET's (hereinafter referred to
simply as MOS transistors) M10n with their gates-
and drains connected in common are connected in
series in, for example, three stages across the
positive pole of a power supply 101 and a circuit
output terminal 102.

A clock pulse ¢11 is then applied to an output
end N101 of the first stage MOS transistor M101l via
the capacitor Cll and a clock pulse ¢12 of a phase



booster circuit 18 for boosting the power supply voltage Vdd £ﬁ€L68ﬁHFmﬁ%ﬁfET
.a substrate voltage Vsub. This Vsub generator booster circuijf 18 ig r]aﬂav 1995
(on chip) on the sane substrate 19 as the sensor row 2 and tlhe charge == "

transfer register 14 and uses two-phase clocks [err]Hl and [err|H2 as the
clockR pulses [err]l and [err]2. It is also possible to use the boosting
circuit not just as the Vsub generator Rooster circuit 18 but also for

provi ding the operating power suppgﬁ voltages to other circuits such as the
buf fer 16. whBlidhe6iss cppositesdm i that «iff ucher glattlvpudse ¢ll is

applied to the output end N102 of the second stage
MOS transistor M102.

A load capacitor CL is connected across the
output end N103 (circuit output terminal 12) of the
third stage MOS transistor M103 and ground.

The boosting circuit of the above construction -
is used as a Véub generation boosting circuit which
boosts the power supply voltage in imagefsensing
devices known as linear sensors (line sensors) or
area sensors and takes this boosted voltage Vout as
a substrate voltage Vsub.

With these solid-state image—sehsing devices,
there is a tendency for a power supply voltage
which is starts at 5V to fall to 3V or less. A
substrate voltage Vsub of about 5V is necessary,
however, to ensure that the performance of the
image-sensing device can be drawn-out even if the
power supply voltage beéomes low. Therefore, as the
power supply voltage becomes lower, a Vsub |
generation boosting circuit becomes necessary for
boosting the power supply voltage and generating
the substrate voltage Vsub.

When used as a Vsub generation boosting circuit

for a solid-state image-sensing apparatus, the -



REPLACEMENT SHEET
er circuit 18
formed on-chip with the CCD linear sensor. In FIG 6, alig

showi ng the essential parts of the Vsub generator 17 boo#
t

: _ | paeced. JeNOV11a%... |
conprised of a P+ type hole accunul ation |ayer 22 on an N+ Fead —=

accunul ation layer 21 is forned within a P- well on an N-type silicon
substrate*19. A read-out gate 13 conpri§ed of an N-type inpurity region 23

whole of the solid-state image-sensing device
substrate (chip) becomes a load capacitance and
iarge capacitance driving and a current
capacitances become necessary. This causes the
rising characteristic of the boosting voltage Vout
to be poor, as shown in FIG. 11. |

The problem of the rise time being slow is not
just limited to use in Vsub generation boosting
circuits but is common to applications in which
large capécitor drivers and current capacitors
become necessary overall.

With the boosting circuit having the above
structure, the current Ids across the drain'and
source of each of the MOS transistors M101 to M103
nay be made large so as to make the rise time for
the boosting voltage Vbuﬁ shorter. In order to
achieve this it is necessary to lower the threshold
voltage Vth of each of the MOS transistors M101l to |
M103, make the channel_width larger, or make the
channel length L shorter.

In reality, it is usual to make the channel
width W large. However, in this case the value of
the capacitors Cll\and Cl2 etc. have to be made
large so that the potential of the boosting voltage

_Vout-does not fall as a result of the increase in



. . . REPLA i
with a gate el ectrode 24 provided at it's upper end and a ch%rge t#g%%§¥;SHEET

regi ster 14 conprised of an N+ type inpurity region with at e 7 ' :
el ectrode 24 provided at it's upper end are forned next to t ﬁ%:gbt """ NOV.FRR..
receiver 11. A final stage MOS transistor (the MOS transistor M3 in FIG 1)
taking an*N-type inpurity region 28 as,t's source region, an N-type

impurity region 29 as it's drain region, with a gate el ectrode 30 being

provi ded above and between regions 28 and 29, is fornmed within a sepdrate

P- wel | 27thei eapacibanse Jepbwees \the ogatips mrg@| sources

(gates and drains) of each of the transistors M101
to M103.

In doing so, when this boosting circuit is
used, for example, as a Vsub generation boosting
circuit of a solid-state image-sensing apparatus, a
large amount of space is required on the substrate
of the solid-state image-sensing circuit in order
to make (on-chip) this boosting ci;cuit, which
impedes the miniaturization of the solid-state

image-sensing apparatus.
SUMMARY OF THE INVENTION

In order to resolve the aforementioned
problems; it is the object of the present invention
to provide a boosting circuit and a solid-state
image-sensing device using this boosting circuit
which have improved boosting voltage rise
characteristics without it being necessary to
change the size of the circuit elements.

In order to achieve this object, a boosting
.circuit comprises a power supply terminal, an
output terminal a one-way element and a one-way

element for charging. The one-way element comprises
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20. A boosting voltage is derived fromthe source region 28 offfthe fbn

stage MOS transistor M3. This boosting voltage is then taken Qatee:. M. L NQVLEBS_
substrate voltage Vsub and applied to the N+ type non-vol atil e Tegrom 3t

formed on the surface side 18 of the N-type silicon substrate 19. In the
abové way; by using the boosting circuitg

a plurality of stéges connected in series across
the power supply terminal and the output terminal
in a forward direction going from the poWer supply
terminal to the output terminal, with clock pulses
being applied between each of the one-way element
stages. The one-way element for charging is
connected in parallel with the one-way element in -
the fofward direction.

The one-wéy element for charging may be a MOS
transistor or a diode and a load capacitor may be
connected across the output terminal of the final
stage of the one-way element and earth. The clock
pulses are first and second clock pulses of
opposite phases.

Further, a solid-state image—sensing'device
comprises a sensor, a charge transfer register, a
charge detector, a power supply termihal, an output’
terminal and a boosting circuit. The sensor has a
plurality of arrayed light receivers for converting
incident light into charges corresponding to the
amount of incident light and accumulating the
charges. The chafge transfer register is for
transferring charges read-out from each of the
light receivers. The charge detector is for

detecting and converting to electrical signals



of the present invention as the Vsub generator booster circ FETE§CFM5NTSHEET

boosting circuit of the present invention can charge a larg aqy t7a
with a small MOS transistor and carr therefore achieve this B%I?ZHWHQQ

chi p-size can also be made small. This will contribute to the conpactness
of the CCP |inear sensor and can al so dgal with | owering of power supply
vol tages. Second Enbodinment FIG 7 is a circuit diagramshow ng a second
enbodi ment of a boosting circuit according to the

charges transferred by the charge transfer
register. The boosting circuit comprises a one-way
element comprised of a plurality of stages
connected in series across the power supply
terminal and the output terminal in a forward
direction going from the power supply terminal to
the output terminal, with clock pulses being

| applied between each of the one-way element stages
and a one-way element for charging connected in
parallei with the one-way element in the forward
direction. '

Preferably, the boosting circuit boosts a power
supply voltage and generates a substrate voltage.
Also, the sensor, charge transfer register, charge

| detector and boosting circuit are formed on the
same substrate.

The one-way element for charging may be a MOS
transistor or a diode and a load capacitor may be
conﬁected'across the output terminal of the final
stage of the one-way element and earth.

A load cabacitor may be connected across the
clock pulse input terminal and the one-way element
output terminal.

The clock pulses are first and second clock

pulses'of opposite phases. The clock pulse may elso



pr esent

so that,
seri és,

1S I'NCY

invention. In this diagram portions which are the s rﬂﬁﬁhﬁﬁﬁﬁﬁﬁﬁﬁﬂEET
in FIG 1 will be given the sane nunerals. In this enbodinEn.,DﬁbsBrP

i s adopt ed where the nunber of MOS boosting transistor stage

for exanple, MOS transistors Mh are connected in 5 stages in

wkth the intention of generatin% a hi gher boosting voltage Vout. In
FIG 7, MOS boosting transistors M1 to

ML5 with their gates and drains

connected in comopn are connected across the positive pole side of the

be a transfer clock for driving the charge transfer
register.

With the circuit of the above constrqction,
when the poWer supply is turned on, first, a locad
is charged via the one wéy element due to this one-
way element for charging connected in the forward
direction from the power supply side to the circuit
output terminal side going into a forward biased

state so as to conduct.

Further, the plurality'of stages of the one-way

element for boosting also go into forward bias so
as to conduct due to the power supply going on, so
that the charging operation which accompanies the
boosting operation of the plurality of stages of
the one-way element is also carried out in parallel
and the load charging voltage therefore rapidly
rises up to-the powér supply voltage.

When the load charging voltage exceeds the
power supply voltage, the one-way element for
charging which has been carrying out charging up
until this point goes into reverse bias so as to be
in an non-conducting state. |

Charging due to the one-way element is
therefore not carried out after this and a boosting

operation is performed by the plurality of stages




19 power supply 1 and the output circuit termnal 2 so as to EEPHAQEMF§ESHEEF1

in the forward direction fromthe power supply 1 side to the

Cir cui EBS
termnal 2 side as a one-way element. A clock pulse [err]1 i ?81 h}OLNW

each of the output ends N11 and N13 of the first and third stage (odd

numbéred stages with the final stage excluded) MOS transistors M1 and ML3

via capacitors Cl1 and C3. On the other %and, a cl ock
of the one-way element for boosting in

synchronization with a reverse phase clock pulse.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a first
embodiment of the present invention;

FIG. 2 is a wave diagram showing the reéponse
waveform when the power supply is turned on for the
first embodiment;

FIG. 3 is a timing diagram under fixed
conditions for the first embodiment;

"FIG. 4 is a circuit diagram showing an example
modification of the first embodiment;

FIG. 5 is a view showing the structure of an
example of a CCD linear sensor of the present
invention; ' |

FIG. 6 is a cross-sectional structural view of
the essential parts of the CCD linear sensor having
boosting circuit which generates a substrate
voltage.

FIG. 7 is a circuit diagram showing a second
embodiment of the present invention;

FIG. 8 is a wave diagram showing the response
waveform when the power supply is turned on for the
second embodiment;

FIG. 9 is a timing diagram under fixed



fourth stage (even nunbered stages) MOS transistors M2 and!
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pul se [err]2 of opposite -phase to the clock pulse [err]l is appﬁf%d

capacitor C2 to each of the output ends N12 and N14 of the Reagpad]

(7d NOV 1935..
- aag—————

via a

capacitor CL is then connected across the output end N15 (circuit output
terninal 2) of the fifth-stage MOS transi stor ML5 and earth. Further, a MOS
transi stor M6 for charging which has'it's gate and drain connected in
common is connected across the positive pole side of the power supply 1 and
the circui tcondadions nfer thessecens epoedamentand is connected in the

f or war d

FIG. 10 is a circuit diagram showing a related

art example; and

FIG. 11 is a wave diagram showing the response

waveform when the power supply is turned in the

related art example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment

The following is a detailed description, based

on the drawings, of the'embodiments of the present

invention.

FIG. 1 is a circuit diagram showing a first
embodiment of a booster circuit éccording to the
present invention. In FIG. 1, for example, three
stages of MOS transistors Mn for boosting having
their gates and drains connected in-common are
connected in series in the forward direction from
the side of the power supply 1 to the circuit
output element 2 as a one-way element across the
positive pole side of the power supply 1 and the

circuit output element 2.

A clock pulse ¢1 is applied to.the output end

N1 of the first stage MOS transistor Ml via a
capacitor Cl. on the other hand, a clock pulse ¢2




* direction going fromthe side of the power supply 1 tot
circuit output termnal 2. i.e. the gate and drain of the
ML6 for charging are wired to the positive el ectrode side

REPLACEMENT SHEET |
helisi de of the

!igﬁggiggyﬂyﬁmﬁm_

power supply 1 and the source is wired to the circuit output termnal 2.
Next, the*chargi ng operation of the chaﬂging circuit of the second

enbodinenp havi ng the above

having a phase which is the opposite of that of the
clock pulse ¢1 is applied to the output end N2 of
the second MOS transistor M2.

A load capacitor CL is connected between the
output N3 (circuit output terminal 2) of the third:
stage MOS transistor M3.

A MOS transistor M4 for charging is connected
across the positive pole side of the power supply 1
and the circuit output terminal 2 in a forward
direction going from the side of the power supply 1
to the side of the circuit output terminal 2. i.e.
the gate and drain of the MOS transistor for
charging are wired to the positive pole side of the
power supply 1 and the source is wired to the
circuit output terminal 2.

This MOS transistor M4 for charging is provided
for promptly charging the load capacitor CL at the
time of power supply start-up and the drain-source
current Ids is set to be large.

Specifically, the drain-source current Ids of
the MOS transistor M4 is set to be large by
lowering the threshold voltage Vth of the MOS
transistor M4, making the channel width W large, or
shortening the channel length L.

Next, a description is given of the booster
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construction is described. First, the power supply goes on (power s

I
on), the MOS transistor ML6 for charging conducts so as to b¢gcae: TP? NOVIQQE

forwar d- bi ased and the charging of the |oad capacitor CL via Ss

transi stor ML6 for charging therefore commences. Further, by turning on the
power supply 1, the MOS transistors M1 Eo ML5 for boosting al so becone
forward biased and conducts (goes on) sdlthat the char gi ng whi ch

acconpani es the bposting operation of the transistors ML], to M5 for.
boost i ng CQPQEﬁ%b?Pigiﬁnﬁh§ik9Q$#%%u§P¥CUlt of the first

embodiment having the above construction.

First, the power supply goes on (power supply
on), the MOS transistor Mﬁ for éharging conducts so
as to become forward-biased and the charging of the
load capacitor CL via the MOS transistor M4 for
charging therefore commences. Further, by turning
on the power supply 1, the MOS transistors M1 to M3
for boosting also become forward biased and conduct
(go on) so that the charging which accompanies the
boosting operation of the transistors M1 to M3 for
boosting can be carried out simultaneously.

In this way, the booster voltage Vout can be
made to rise quickly, as shown by the solid line in
FIG. 2, because the load capacitor CL can be
rapidly charged via the MOS transistor M4_for
charging at the time of turning on. The dashed line
in FIG. 2 shows the response waveform at the time
of turning on for a related art example.
| The charging of the load capacitor continues,
and when the charging voltage exceeds the power
supply voltage Vdd, the MOS charging transistor M4
goes into reverse bias state, so that the
conducting state is cut off.

After this, the ordinary boosting operation
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by the solid line in FIG 8, because the |oad capacitor CL qﬂﬂpgfkmpﬂ _____

| . s
In this way, the booster voltage Vout can be nmade to rise QI(E? o]
.

charged via the MOS transistor Ms for charging at the tine

| f the response waveformat the time of turning on the power supply in the
first enbodinent in FIG 2 is conpared th the response maveforn1at t he
time of turning on the power sypply I n ﬁ%e second

using the MOS boosting transistors M1 to M3 is

carried out. This ordinary boosting operation is

described with refefence to the timing chart in

FIG. 3. |

First, when the clock pulée 01l is of a low
level (i.e. low), the gate and drain of the MOS
transistor M1 are connected to the.positive pole
side of the power supply 1. The voltage V1 of this
‘output end N1 is therefore lower than the power
supply voltage Vdd by an amount Vxi. This Vxi is the
voltage drop portion due to the threshold voltage
vthi of the MOS transistor M1. |

Under these conditions, if the clock pulse ¢1
is inputted via the capacitor Cl, the voltage V1 at
the output end N1 of the MOS transistor Ml is
boosted only by the peak value portion of the clock
pulse ¢1.

On the other hand, the clock pulse ¢2 is of an
opposite phase to that of the clock pulse ¢l.
Therefore, when the level of the clock pulse ¢2 is
low, the voltage V2 at the outpﬁt end N2 of the MOS
transistor M2 bedomes lower than the voltage_Vl of
the output end N1 by just Vx2. The Voltage Vx2 is
the voltage drop portion due to the threshold
voltage Vth2z of the MOS transistor M2.



I - |
21 enbodinent in FIG 8, the speed of the rising of the boos |iﬁ5p%q§“5%%TSHE:E.T'
Vout can be seen to increase as the nunber of MOS transistor ITl}/aﬂI {9 IYBNQWIQQS
charging is nmade | arge. The charging of the | oad capacitor c@n TRBS And
when the charging voltage exceeds the power supply voltage Vdd, the MOS
charging transistor ML6 goes into reverse bias so as .to becone non-

conducting (off). After this, the boostlhg operation using the MOS boosting
transistors ML1 to ML5 is carried out '

Under these conditions, if the clock pulse ¢2

is inputted via the capacitor C2, the voltage V2 at
the output end N2 of the MOS transistor M2 is
boosted only by the peak value portioh of the clock
pulse 2.

The voltage V2 at the output end N2 is smoothed
by_the MOS transistor M3 and the load capacitor CL
and derived from the circuit output terminal 2 as
the boosting voltage Vout. Thelboosting Voltage
Vout is lower than the voltage V2 of the output end

-~ N2 by an amount Vx3. Here, Vx; is the lowering of
| the voltage due to the threshold voltage Vth; of the
MOS transistor M3.

As described above,'by providing the MOS
charging transistor M4 of which the gate and drain
are connected to the positive pole side of the
power supply 1 and source is connected to the
circuit output terminal 2 in a pulse bodsping—type
boosting circuit, when the power supply is turned
on,_the bobsting voltage Vout can be made to rise
rapidly because the load capacitor CL is rapidly
charged via the MOS charging transistor M4._'

'Also, a boosting circuit for which the boosting
voltage Vout rises rapidly when the power supply is

turned on can be provided without making the size
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under fixed conditions. The boosting operation under these f d conditions

xe

will be described with reference to the timng chart in FIG QDmELKthNﬂﬂﬂggin
voltage V11 at the output end N11 of the first stage MOS tr ainsister—ilt—ta———
| ower than the power supply voltage Vdd by the voltage Vx[err], which is
the voltage drop due to the threshold v?Itage Vth[err] of the MOS

transi stor ML1. Under these conditions, fihen the cl ock pulse [err]l1 is

i nputted via the capacitor Cl, the voltage V11 at the output end N11 of the
MOS t ransi stfortive1MAS Hooessdngy %raaswgt@ﬁm Mio thdMhegBh&igit of the

capacitance values of the capacitors Cl and C2

large by setting the drain-source current Ids of
_the MOS charging transistor M4 to be large. The
space that goés with having small—sized_transistors
and small-capacitance capacitofs can be saved
within the circuit structure. |

Tn the aforementioned embodiment, a description
has been given for the case where a diode
connection MOS transistor M4 has been used as the
one-way element. However, as shown in FIG. 4, a
diode D1, the anode of which is connected to the
positive pole side of the power supply 1 and the
cathode of which is connected to the circuit output
terminal 2, may also be used. |

But, with boosting circuits using MOS
transistors as'the one-way boosting élement, using
the diode connection MOS transistor M4 has
advantages with regards to making the circuit, as
shown in the first embodiment. However, variations
occur more often with MOS transistors than with
diodes. The use of a diode D1 as the one way
boosting element therefore provides a
characteristic with fewer variations, as shown in

the example shown in FIG. 4.




clock pulse 1. Then, the voltage V12 at the output end N12 of
second stage MOS transistor ML2 is |ower than the voltage V11 gaet
end N11 by the voltage VX12, which is the voltage drop due t¢
vol tage Vthl2 of the MOS transistor ML2. In these C|rcunstances when t he
clock pulse [err]2 is inputted via the ﬁgpa0|tor C2, the voltage V12

FIG. 5 is a structural view showing an example
"of a solid-state image-sensing device employing a
boosting circuit of the aforementioned construction
as a Vsub generator boosting cifcuit. An
application in a CCD linear sensor is shown as the
solid—state image-sensing apparatus in this
example, but applications are by no means limited
to CCD linear applications and applications in
solid-state image-sensing apparatus including area
sensors other thén CCDs are also possible.

As shown iﬁ FIG. 5, the CCD linear sensor
comprises a sensor row 12 consisting of a plurality
of light receiveré 11 made up from_photodiodes'etc.
which convert and accumulate incident light into a
charge corresponding to the amount of light and a
charge transmitting register 14 made up of a CCD
for transmitting signal charges outputted from each
of the light receivers 11 of the sensor row 12 via
a read-out gate 13.

The read-out gate 13 immediately reads out to
the charge transfer register 14 the signal charges
accumulated at each of the light receivers 11 of
the sensor row 12 using the application of the
read-out pulse OROG. The signal charge is

transferred using two-phase driving employing two-

REPLACEMé&T SHEET

QE&HMEEE.
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at the output end N12 of the MOS transistor ML2 is boosted
to the wave height of the clock pulse [err]2. Next, the volt

a valu
.  oncoriD. i N0
out put end N13 of the third stage MOS transistor M3 is | o
vol tage V12 at the output end N12 by the voltage Vx13, which is the voltage
drop'due to the threshold voltage Vthl3 of the MOS transistor ML3. In this |
situation, when the clock pulse [err]1 8 inputted via the capacitor C3,
t he voltage V13 at the output end N13 of the MOS transistor M3 is boosted

by a val ueppgitid teahtniBEeoreidldbckE YL and ¢H2. A charge

voltage converter (charge detector) 15, of, for

example, a floating diffusion structure for
detecting the transmitted signal charge and
converting it to a voltage is formed at the final
stage of the charge transfer register 14. The
output voltage for this charge voltage converter 15
is outputted from the output terminal 17 via the
buffer 16 as the CCD output. -

With ﬁhe CCD linear sensor of the
aforementioned structure, the boosting circuit of
the present invention is used as a Vsub generator
booster circuit 18 for boosting the power supply
voltage Vdd and generating a substrate voltage
Vsub. This Vsub generator booster circuit 18 is
made (on chip) on the same substrate 19 as the
sensor row 2 and the charge transfer register 14
and uses two-phase clocks ¢H1 and ¢H2 as the clock

_pulses ¢1 and ¢2.

It is also possible to use the boosting circuit
not just as the Vsub generator booster circuit 18
_but also for providing the operating power supply
voltages to other ciréuits such as the buffer 16.

FIG. 6 is a cross-sectional structural drawing

showing the essential parts of the Vsub generator
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clock pulse [err]1. After this, the voltage V14 at the outpﬁtﬁgﬁﬁmﬁﬁﬂe%¥SHEE

the fourth stage MOS transistor M4 is |lower than the voltage 30a7 _NDe¢
out put end N13 by the voltage Vx14, which is the voltage drdggéﬁégfgmtﬁélxri” 7

t hreshol d voltage Vthl4 of the MOS transi stor ML4. Under these
ci rcunst ances, when the clock pul se 23 [err]2 is inputted via the
capacitor C4, the voltage 17

booster circuit 18 formed on-chip with the CCD
linear sensor.

In FIG. 6, a light receiver 11 comprised of a
P* type hole accumulation 1ayer 22 on an N' type
load accumulation layer 21 is formed within a P-
well on an N-type silicon substrate 19. A read-out
gate 13 comprised of an N-type impurity region 23
with a gate electrode 24 provided at it's upper end
and a charge transfer register 14 comprised of an.EF
type impurity region with a transfer - electrode 24
pfovided at it's upper end are formed next to the
light receiver 11. |

A final stage MOS transistor (the MOS
transistor M3 in FIG. 1) taking an N-type impurity
region 28 as it's source region, an N-type impurity
region 29 as it's drain region, with a gate
electrode 30 beihg provided above and between
regions 28 and 29, is formed within a separate P-
well 27 which is formed separately from the P-well
20.

A boosting voltage is derived from the source
region 28 of the final stage MOS tramsistor M3.
This boosting.voltage is then taken as the
.substrate voltage Vsub and ;pplied to the N+ type

non-volatile region 31 formed on the surface side
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anR VI TatOVHBds

V14 at the output end N14 of the MOS transistor M4 is boos
equal to the wave height of the clock pulse [err]2. The vol
out put end N14 is snoothed by the MOS transistor M5 and th
CL and derived fromthe circuit output termnal 2 as the boosting voltage
Vout: The* boosting voltage Vout is*lower_than the voltage V14 of the out put
end N14 by an anount VX15. Here, Vx15 i 8t he | onering of the voltage due to
the threshold voltage Vt hl5 of the MOS transistor ML5. A higher-voltage

boosting velft atdeeVHtygs® $tlicon substrate 19.

In the above way, by using the boosting circuit
of the present invention as the Vsub'generator
booster circuit 18, the boosting circuit of the
present invention can charge a large capacitance
with a small MOS transistor and can therefore
achieve this.on-chip and the chip-size can also be
made small. |

This will contribute to'the compactness of the
CCD linear sensor and can also deal with lowering
of power supply voltages.

Second Embodiment |
FIG. 7 is$ a circuit diagram showing a second
embodiment of a boosting circuit according to the
present invention. In this diagram, pértions whidh'
are the same as portions in FIG. 1 will be given
the same numerals. In this embodiment, a structure
is adopted where the number of MOS boosting
transistof stages is increased so that, for
example, MOS transistors Mn are connected in 5
stages in series, wiﬁh the intention of generating
. a higher boosting wvoltage Vout.

In FIG. 7, MOS boosting transistors ﬂll to M15

with their gates and drains connected in common are

connected across the positive pole side of the
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derived by increasing the nunber of stages of MOS transistorsRFg%A%%%g?TﬁggET

Therefore, according to the boosting circuit of the second ¢ I N0
the case of use in the Vsub generation boosting circuit of tﬁ_s&gr'ﬂ F?N{M‘Bﬁ'j

e

I mage-sensi ng device shown in FIG 5, the necessary substrate voltage Vsub
of about 5V for realizing the perfornanﬁg-of t he solid-state inage-sensing
devi ce can be easily obtained even if t power supply voltage for the
solid-state i mage sensing device is reduced by about, for exanple, 1.5V. It
is al so popower supmsley al dande tihe asutpmt circuit terminal 2 so

as to be in series in the forward direction from
the power supply 1 side to the circuit output
terminal 2 side as a one-way element.

A clock pulse ¢1 is applied to each of the
output ends Nil and N13 of the first and third
stage (odd numbered stages with the final stage
excluded) MOS transistors M1l and M13 via
capacitors Cl and C3. On the other hand, a clock
pulse ¢2 of opposite phase to the clock pulse ¢i is
applied via a capacitor C2 to each of the output
ends N12 and N14 of the second and fourth stage
(even .numbered stages) MOS transistors M12 and M14.

A load capacitor CL is then connected across
the output end N15 (circuit output terminal 2) -of
the fifth-stage MOS transistor M15 and earth.

Further, a MOS transistor M16 for charging
which has it's gate and drain connected in common
is cohnected across the positive bole side of the
power supply 1 and the circuit output terminal 2 as

| a one way element and is connected in the forward
direction going from the side of the power supply 1
to the side of the circuit output terminal 2. i.e.
the gate and drain of the MOS transistor M16 for

charging are wired to the positive electrode side
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24 one-way el enent in place of the diode connection MOS trans storlfg Nﬁ ,
t he exanple nodification of the first enbodi nent shown in Fl G Déte: ..QVNMHESi".
nunber of stages of MOS transistors for boosting is by no nea '

the three stages and five stages shown in the first and second enbodi nents.

Two Stages, four stages or six stages %b nore are al so possi bl e, whereby
t he

of the power supply 1 and the source is wired to
the circuit output terminal 2.

Next, the charging operation of the charging
circuit of the second embodiment having the above
construction is described.

First, the power supply goes on (power supply
on), the MOS transistor M16 for charging conducts
so as to become forward-biased and the cbarging of
the load capacitor CL via the MOS transistor M16
for charging therefore commences. Further, by
turning on the power supply 1, the MOS transistors
M1l to M15 for boosting also become forward biased
and conducts (goes on) so that the charging which
accompanies the boosting operation of the
transistors M1l to M15 for boosting can be carried
out simultaneously.

In this way, the booster voltage Vout can be
made to rise quickly, as shown by the solid line in
FIG. 8, because the load capacitor CL can be
rapidly charged via the MOS transistor M6 for
charging at the time of turning on.

If the response waveform at the time of turning
on the power supply in the first embodiment in FIG.
2 is compared with the response waveform at the

time of .turning on the power supply 'in the second



| arger the nunber of MOS transistor stages for boosting, the, F&RgﬁchgNTSHEET“
boosting voltage which can be extracted. As descri bed above,J- Bg%r_dgnpﬁ 1985
the present invention, by adopting a construction where a ongk_way_ EETENT "
i s connected across a power supply and a circuit output termnal in the
forward direction going fromthe power supply side to the circuit output

el ement side in a pul se-boosting type b&bsting circuit, the rising
characteristic of the boosting voltage can be inproved without it being
necessary emsol@phehite ixh ZPIG. e thecspeed evEnthe rising of

the boosting voltage Vout can be seen to increase
as the number of MOS transistors M1 to M5 for
charging is made large.

The charging of the load capacitor continues,
and when the charging voltage exceeds the power
supply voltage Vvdd, the MOS charging transistor M16

| goes into reverse bias so as to become non-
conducting (off).

After this, the boosting operation using the
MOS boosting transistors M1l to M15 is carried out
under fixed conditions. The boosting operation
under these fixed conditions will be described with
reference to the timing chart in FIG. 9.

First, the voltage V11l at the output end N11 of
the first stage MOS transistor M1l is lower than
the power supply voltage Vdd by the voltage Vxii,
which is the voltage drop due to the threshold
voltage Vth;; of the MOS transistor M1l.

Under these conditions, when the clock pulse ¢1
is inputted wvia the capacitér Cl, the voltage V11
at the output end N1l of the MOS transistor M1l is
boosted by a value equal to the wave height of the
clock pulse ¢1.

Then, the voltage V12 at the output end N12 of
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because the |oad can be rapidly charged via the one-way elenints at ENTSHEET

time of turning on the power supply. Further, wth the bOOStInga@IrQ tNUungﬁﬁ

according to the present. i'nvention, an on-chip construction ¢as: 25—ha

adopted and the chip-size can be made small in applications in SO|Id state
| mage- sensi ng devi ces because a | arge %%pacitance can be charged using
the second stage MOS transistor M12 is lower than
the voltage V11l at the output end N1l by the
voltage Vxiz, which is the voltage drop due to the
threshold Voltage Vth;; of the MOS transistor M12.

In these circumstances, when the clock pulse ¢2
is inputted via the capacitor C2, the voltage V12
at the output end N12 of the MOS transistor MI12 is
boosted by a value equal to the wave height of the
clock pulse ¢2.

Next, the voltage V13 at the output end N13 of
the third stage MOS transistor M13 is lower than
the voltage V12 at the output end N12 by the
voltage Vxi3, which is the voltage drop due to the
threshold voltage Vthiz of the MOS transistor M13.

In this situation, when the clock pulse ¢1 is
inputted via the capacitor C3, the voltage V13 at
the output end N13 of the MOS transistor M13 is
boosted by a value equal to the wave height of the
clock pulse ¢1.

After this, the voltage V14 at the output end
'N14 of the fourth stage MOS transistor M14 is lower
than the voltage V13 at the output end N13 by the
voltage'meh which is the voltage drop due to the
threshold voltage Vthis of the MOS transistor Ml4.

Under these circumstances, when the clock pulse
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‘circuit elements. This therefore contribufes to the conpackbi ﬂ g
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the solid-state i nage-sensing device and is conpatible with thamb

the power supply voltage. 26 WHAT IS CLAIMED IS: 1. A bods
conprising: a power supply term nal
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¢2 is inputted via the capacitor C4, the voltage
V14 at the output end Nl4 of the MOS transistor M14.
is boosted by a value equal to the wave height of
the clock pulse §2.

The voltage V14 at the output end N14 is
smoothed by the MOS transistor M15 and the load
capacitor CL and derived from the circuit output
terminal 2 as the boosting voltage Vout. The
boosting voltage Vout is lower than the Voltage V14
of the output end N14 by an .amount Vxis. Here, VX35
is the lowering of the voltage due to the threshold
voltage Vth;s of the MOS transistor M15. '

A higher-voltage boosting voltage Vout can be
derived by increasing the number of stages of MOS
transistors for boosting.

Therefore, according to the boostiﬁg circuit of
the second embodiment, in the case of use in the
Vsub generation boosting circuit of the soiid—state
image-sensing device shown in FIG. 5, the necessary
substrate voltage Vsub of about 5V for realizing
the performance -of the solid-state image-sensing
device can be easily obtained even if the power
supply voltage for the solid-state image sensing
device is reduced by about, for example, 1.5V.

It is also possible to use a diode D1 as the
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an output termnal; a one-way elenment conprising a pluralitly of st g?s _
connected in series across the power supply termnal and th manepuﬁ..- Nﬂvmﬁ

termnal in a forward direction going fromthe power supply F—to the
output termnal, with clock pul ses being applied between each of the
one-fvay el enment stages; and a one-way el enent for charging connected in

parallel wth the one-way el enent in thé4forward direction’ 2. A boosting
circuit according to claiml,

one-way element in placé of the diode connection

MOS transistor M6 in the example'modification of
the first embodiment shown in FIG. 4.

Also, the number of stages of MOS transistors
for boosting is by no means limited to the three
stages and five stages shown in the first and
second embodiments. Two stages, four stages or six
stages or more are also possible, whereby the
larger the number of MOS transistor stages.for

"boosting, the higher the boosting voltage which can
be extracted. '

As described above, according to the present
invention, by adopting a construction where a one-
way element is connected across a power supply and
a circuit output terminal in the forward direction
going from the power supply side to the circuit
output element side in a pulse-boosting type
boosting circuit, the rising characteristic of the
boosting voltage can be improved without it being
necessary to adapt the size of the circuit elements
because the load can be rapidly charged via the
one—way elements at the time of turning on'the_
power supply. |

Further, with the boosting circuit according to

the present invention, an on-chip construction can
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wherein the one-way el enment for charging is a MOS transi stor ZE A T SHEE
boosting circuit according to claim1, wherein the one-way e eprnt 0f 3r NOV 1995
charging is a diode. 4. A boosting circuit according to cl '

| oad capacitor is connected across the output terminal of the final

st age
of the ome-way el enment and earth. 5. Aégoosting circuit according to claim
1,

be adopted and the chip-size can be made small in
applications in solid;state image—sensing devices
because a large capacitance can be charged using
compact circuit elements.

This therefore contributes to the compactness
of the solid-state image-sensing device and is

compatible with the lowering of the power supply

voltage.
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a pIurallty of arrayedclig

each of the light receivers;

WHAT IS CLAIMED IS:

1. A boosting circuit comprising:

a power supply terminal;

an output terminal;

a one-way element comprising a plurality of
stages connected in series across the power supply
terminal and the output terminal in a forward
direction going from the power supply terminal to
the output terminal, with clock pulses being
applied between each of the one-way element stages;
and '
| a one-way element for charging conneqted in
parallel with the one-way element in the forward
direction.

2. A boosting circuit according to claim 1,
wherein the one-way element for charging is a MOS
transistor.

3. A boosting circuit according to claim 1,
wherein the one-way element for charging is a
diode.

4. A boosting circuit according to claim 1,
wherein a load capaditor is connected across the
output terminal of the final stage of the one-way
element and earth.

5. A boosting circuit according to claim 1,
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a charge detector for d detecting and convertlng to electrical i{signals

charges transf (Hm"”m““" ge transfer register; a power [sDppl: )ﬂ 1..NoY. 19%
termnal; an od ﬂu[ ""nd a boosting circuit conpr|5|4g==a=gﬁe=way=====
elenent conprising®a plutalsity of stages connected in series across the

power supply terninal and the out put te%n1nal in a forward direction going
fromthe power. supply termnal to the o ?put termnal, wth clock pul ses

bei ng appl | gd RAINCERLATLAE HIT W 8L Fi¥H a2 Wond clock

pulses of opposite phases.

6. A solid-state image-sensing device
comprising:

a sensor having a plurality of arrayed light
receivers for converting incident light into
charges corresponding to the amount of incident
light and accumulating the charges; |

a charge transfer register for transferring
charges read-out from each of the light receivers;

a charge detector for detecting and cdnverting
to electrical signals charges transferred by the
charge transfer register; |

a power supply terminal;

an output terminal; and

a boosting circuit comprising:

a one-way element comprising a plurality of
stages connected in series across the power sgpply
terminal and the output terminal in a forward
direction going from the power supply terminal to
the output terminal, with clock pulses being
applied between each of the one-way element stages;
and |

a one-way element for charging'connected in

" parallel with the one-way element in the forward
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and a one-way eI muﬂlllguﬂﬂm g connect ed in parallel wit
el ement in the f ction. 7. A solid-state i
devi ce according to cIa|n16 wherei n the boosting circuit bo
supply voltage and generates a Substrate vol t age.

28
direction.

7. A solid-state image sensing device
according to claim 6, wherein the boosting circuit
boosts a power supply voltage and generates a
substrate voltage. |

8. A solid-state image-sensing device
according to claim 6, wherein the sensor, charge
transfer register, charge detector and boosting
circuit are formed on the same substrate.

9. A solid-state imagée-sensing device
according to claim ‘6, wherein the one-way element
for charging is a MOS transistor. |

iO. A solid-state image-sensing device
according to claim 6, wherein the one-way element
for charging is a diode. | )

11. A solid—state_image—sensing device
according to claim 6, wherein a load capacitor is
connected across the output,terminal of the final
stage of the one-way element and earth.

| 12. A solid-state image-sensing device
according to claim 6, wherein a capacitor is
connected across the clock pulse input terminal and
the one-way element output terminal.

13. A solid-state image-sensing device

according to claim 6, wherein the clock pulses are
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formed on the sane slbstrdtes 9 A solid-state i mage-sens

according to claim6, wherein the one-way el enent for charging is a MOS
transistor. 10. A solid-state i mage-sensing device according to claim®é,
wherein the one-way el enent for charginddis a diode. 11. A solid-state
i mge-sensi ng devi ce accordi_ng .to claiq|6, wherein a Joad ?F acitor is
first and second Tclock pulses oOf opposite phases.
14. A solid-state image-sensing device
according to claim 6, wherein the clock pulse is a
transfer clock for driving the charge transfer

register.:
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connected across the output termnal of the final stage of t oneaway,
el enent and earth. 12. A solid-state i mge-sensing device p NQ)V 1995

claim6; wherein a capacitor is connected across the clock quqe T

term nal and the one-way el enent output termnal. 13. A sol i d- state‘

| mage-sensi ng device according to clainmg, wherein the clock pulses are
29

ABSTRACT OF THE DISCLOSURE

BOOSTING CIRCUIT AND SOLID-STATE IMAGE-SENSING
DEVICE EMPLOYING SAID BOOSTING CIRCUIT

A boosting circuit comprises a power supply
terminal, an output terminal a one-way element and
a one—way element for charging. The one-way element
comprises a plurality of stages connected in series
across the power supply terminal and the output
terminal in a forward di:ec;ion going from the
power supply terminal to the eutput terminal, with
clock pulses being applied between each of the one-
way element stages. The one-way element for
charging is connected in parallel with the one-way
element in the forward direction. It is therefore
possible to provide a boosting circuit with an
improved boosting voltage rise characteristic
w1thout having to change the size of the circuit

elements
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| mge-sensing device according to claim6, wherein the clocklippise

------------------------------

transfer clock for driving the charge transfer register.
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