DRIVE CIRCUIT WITH OVER-VOLTAGE PROTECTION
FOR USE WITH PIXEL CELLS AND OTHER CIRCUITS

FIELD OF THE INVENTION

The present invention relates to drive circuits and, more

specifically, to drive circuits with over-voltage
protection that provide a voltage greater than a supply
voltage. Such circuits are beneficial for pixel cells as
discussed herein and for other uses where a greater than

Vpp {or Vec) voltage is desired.

BACKGROUND OF THE INVENTION

Photosensitive or “pixel” cells and drive circuits
for controlling those cells are known in the art. A
typical drive circuit consists of a conventional buffer
that is capable of propagating to a pixel cell or other
circuit a vbltage level that is no higher than a logic
high voltage level. In CMOS circuits this voltage high
level is often Vpp. As discussed in more detail below,
this limitation is disadvantageous in use with pixel cells
and other types of circuits.

Referring to Fig. 1, a representative photosensitive

cell 10 is shown. Cell 10 includes three transistors 12-
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14 (which are typically n-type field-effect transistors)
and a light sensitive or “photo” diode 15. Transistors 12
and 13 are coupled to Vp and transistor 14 is coupled to
the source of transistor 13. A row reset signal is
applied to the gate of transistor 12 and a row select
signal is applied to the gate of transistor 14."

In a typical mode of operation, the row reset line is
asserted high to charge the parasitic capacitance of the
reversed biased photo diode to a reset 1evel.. After diode
output node 17 has stabilized, the row reset is pulled
low, allowing photo induced charge carriers to discharg-e
the photo diode at a rate proportional to the incident
light intensity. After a specific exposure time, the row
select line is asserted high allowing the voltage at node
17 to be sampled at the cell 'output node 19 (normally
coupled t6 a column of pixel cell outputs), through source
follower buffer transistor 13. The row reset signal is
again asserted high and low to reset node 17 a second
time. The reset level is sampled at output 19. The
difference between the voltage level at output 19 after
exposure to incident light and at a reset level is
proport;ional to the incident light intensity.

The row reset signal is driven by a digital gate that
limits the high level of row reset to Vpp, as this is
typically the highest available supply Voltage on a CMOS
integrated circuit. While beneficial for some purposes,
the use in a typical pixel cell of a row reset signal with
a high level limited to Vpp has disadvantageous aspects.

One disadvantageous aspect is that the dynamic range
at output 19 is limited to a maximum of Vpp -(2 x the NMOS
threshold, Vtn). One Vtn is lost at transistor 12 and the
other is lost at transistor 13. Thus, dynamic range for a

3.3V Vpp cell is approximately 3.3 -(2 x 0.8) or 1.7 to 0.4
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(the turn-off voltage of a current source transistor
coupled to pixel column output 19). This results in a
typical dynamic range magnitude of 1.3V.

Another disadvantageous aspect is that the row reset
signal must be held high for a relatively'long time, on
the order of 100 microseconds, before node 17 reaches its
final settled voltage due tJ sub-threshold leakage
currents at transistor 12 as that transistor approaches
its cutoff state. Due to timing constraints, imaging
systems may be forced to use a shorter reset interval.
Shorter reset intervals can in turn result in a differencé
between the “before exposure” reset and the “after
exposure” reset signal strengths. The net effect is a
memory of the previous captured image which can either add
to or éubtract from the present captured image, giving the
appearance of a positivé or negative ghost image

superimposed on the desired image.

SUMMARY OF THE INVENTION

‘Accordingly, it is an object of the present invention

to provide a drive circuit that is capable'of improving
performénce in a pixel cell or other circuit.
It is another object of the present invention to provide a
drive circuit that is capable of producing an output
signal that is greater than a supply voltage and that
provides suitable over-voltage protection.

Is also an object of the present invention to provide
a drive circuit that increases dynamic range and that
increases the rate at which stable states and reset levels
are reached in a pixel cell.

These and related objects of the present invention

are achieved by use of a drive circuit with over voltage
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protection for use with pixel cells and other circuits as
described herein.

The use of such a drive circuit with a pixel cell
permits the delivery of a higher voltage level reset
-signal_to the row reset transistor of that cell. A first
advantage of a higher row reset signal or gété voltage is
that it allows the photo diode cathode (node 17) to be
‘reset all the way to Vpp without altering the pixel design,
thus increasing the dynamic range of the cell by Vtn.
This can be a dynamic range improvement approaching a
factor of 2, depending on supply voltage level and process
specifics like threshold dependence on back bias. A
second advantage is that since the cell reset transistor
never approaches cutoff during reset, the diode output
node charges to the reset level much faster. A third
advantage is that because node 17 resets all the way to
Voo, the final reset level is not dependent upon the
discharge level of the photo diode prior to the reset
operation, thereby eliminating the occurrence of ghost
images.

An additional advantage is that the higher reset
level results in a stronger reverse bias on the photo
diode, resulting in smaller parasitic depletion
capacitance. The smaller capacitance results in higher
sensitivity to photo .generated charge carriers and
potentially improves image quality in low lighting
conditions.

In addition to wuse with pixel cells, the drive
circuit of the present invention may be used in any
application where the designef desires to wuse a non-
complementary transmission gate for gating signals with
large dynamic range. For example, the gate of an n-

channel MOS device can be driven by a similar drive
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circuit to allow it to control transmission of signals
approaching the positive supply. Such a function would
otherwise require use of a p-channel MOS device in
parallel with the n~channel device, with a complementary
gating signal. Other possible applications for the drive
circuit of the present invention include use -in: (1) pad
circuits which must interface with higher voltage
technologies, (2) FPGA, (3) fuse circuits, (4) DRAM, (5)
EEPROM, and (6) flash memory.

_ The attainment of the foregoing and related
advantages and features of the invention should be moré.
readily apparent to those skilled in the art, after review
of the following more detailed description of the

invention taken together with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a typical photosensitive
or pixel cell of the type used in an active pixel sensor
device, such as a digital camera or scanner or the like.

Fig. 2 is a diagram of a drive circuit and the pixel
of Fig. 1 with which it may be used in accordance with the
present-invention.

Fig. 3 is a timing diagram that illustrates operation
of driver circuit 150 of Fig. 2 in accordance with the
present invention.

Fig. 4 is a schematic diagram that illustrates over-
voltage protection «circuitry for components of drive
circuit 150 of Fig. 2 in accordance with the present
invention. |

"Fig. 5 is a timing diagram of a single row of an
active pixel sensor array in accordance with the present

invention.
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Fig. 6 is a schematic diagram of a representative
active pixel sensor array utilizing the drive circuit of
Figs.-2 and 4 in accordance with the present invention.

Fig. 7 1is a schematic diagram of a circuit for
generating a plurality of over-voltage drive signals in

accordance with the present invention.

DETAILED DESCRIPTION

Referring to Fig. 2, a block diagram of a drive

circuit 150 coupled to a pixel cell 110 in accordance with
the present invention is shown. Circuit 150 achieves a
row reset signal that is increased in magnitude such that
the dynamic range and response time of cell 110 are
improved. Circuit 150 essentially comprises an over-
voltage generation component 149 and an over-voltage
.protectioﬁ and drive component 151.

Circuit 150 includes a CMOS inverter 152 that
comprises PMOS transistor 153 and NMOS transistor 154. The
inverter is coupled is between Vpp and ground and its
output is coupled through capacitor 160 to node 170. Node
170 is also coupled through diode 165 to Vpp and through
switch 175 to the row reset signal line 180 that is in
turn coupled to the gate of transistor 112 of cell 110
(which is analogous to transistor 12 of cell 10 of Fig.
1). An interrupt switch 185 and a capacitor 195
(indicative of the parasitic capacitance of the row reset
signal 1line) are shown coupled between the row reset
signal line and ground.

Referring to Fig. 3, a timing diagram that
illustrates operation of driver circuit 150 of Fig. 2 in
accordance with the present invention is shown. The
signal name abbreviations of Fig. 3 are as follows: RSTB =

reset strobe; INT = interrupt reset signal; DRV = drive
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reset signal and RRST = row reset signal (delivered to the
gate of transistors 12, 112).

Prior to a reset operation (defined by the transition
from low to high and back to low again of the row reset
signal), the drive capacitor 160 is charged, DRV switch
175 is open and RSTB is high (driving the output of
inverter 154 low). As a reset operation begins, the
voltage level at node 170 is settled at approximately 0.7V
(one diode drop) below Vpp, DRV switch 175 is 6pen, and the
INT switch is closed, holding the row reset line low. The
INT switch 185 is then opened while the DRV switch 175 is
simultaneously closed. This causes the voltage on the row
reset line to rise to an equalized voltage level
defermined by charge transfer from drive capacitor 160.to
the parasitic capacitance 188. The intermediate row reset
voltage level equals approximately Cp«(Vpp—0.7)/(Crsr + Cp) .

The RSTB is then asserted (driven low) which raises
the output of the inverter towards Vg, which further

drives the row reset signal to a level:
Row Reset = Cp* (2*Vpp—-0.7)/ (Crsr + Cp) Eqn. 1

Row reset is then pulled low again by opening DRV switch
175 and closing INT switch 185. The RSTB signal is
subsequently driven high in preparation of the next row
. reset operation. It should be recognized that the size of
Cp is selected relative to Cpsr such that the high level of
Row Reset (given by Egn. 1) is at least 1 Vtn above Vpp.
This way, the source of device 112 will pull up all the
way to Vpp during a reset interval.

It should also be recognized that the CMOS processes
used to implement the above described circuit have

specific limitations on maximum operating supply voltage
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in order to guarantee circuit reliability. The maximum
supply voltage is typically about ten percent above an
industry standard such as 5 volts or 3.3 volts. Provisions
are often made, however, to interface between newer
process technologies and older, higher voltage process
techndlogies. This leads to special desigﬁ rules for
allowing -higher voltages on an integrated circuit,
typically confined to the pad rings,'without compromising
circuit reliability. These special design rules restrict
the maximum Véltage across any pair of FET device nodes to
being less than the maximum rated supply voltage. Circuit
design techniques should adhere to this restriction in
realizing the above described circuit implementation. An
exemplary circuit is now discussed.

Referring to Fig. 4, a schematic diagram illustrating
drive circuit 151 including over-voltage protection in
accordance with the present invention is shown.

Signals input to region 151 include RSTB, INT and the
signal from node 170 (RSS), Vpp and ground. DRV is
generated internally by inversion of the INT signal which
is propagated to transistor or INT switch 185 (Fig. 2).
The DRV signal is generated by inverter 181 and delivered
to PMOS transistor 175. The DRV signal is also gated with
the RSTB signal and propagated to NMOS transistor 183. The
RSS signal from node 170 is delivered to PMOS transistor
176. Circuit 151 also includes diode D1, a constant
current source 184 and NMOS transistors 186-190 (note that
transistors 187, 189 and 190 are effectively configured as
diodes). _

Devices that protect other devices from high véltage
damage include diode D1 and transistors 186 and 188. The
high voltage pulse generated at node 170 (RSS) is gated by

transistor 176. If INT is low when the pulse arrives,
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then transistor 176 is turned on and the pulse passes
through to the row reset line 180. If INT is high when
the pulse arrives, then transistor 176 is turned off and
the row reset signal is held low.

Referring to Fig. 5, a timing diagram for operation
of circuit 151 in accordance with the present invention is
shown. The operation of circuit 151 is now described in
conjunction with the timing diagram of Fig. 5.

Before time t0, INT and RSTB are high and RSS is
stable at Vpp — a diode drop (approximately 0.7V). Since
DRV is low, internal node 191 (signal DRVB) is stable at
Vpp — 0.7, holding transistor 176 in an off state. RRST is
held at its low level which is defined by the trickle
current from constant current source 184 driving diode
connected devices 189 and 190. Constant current source
184 provides a very low current, such that the voltage
across devices 189,190 is approximately two n-channel
thresholds (2Vtn).

At time t0, INT goes low, causing DRV to go high,
turning off transistor 175. The output of AND gate 182
goes high, turning on transistor 183 which pulls DRVB down
to one ﬁ—channel threshold above ground (i.e., transistors
183 and 186 are transmission gates, allowing diode
connected device 187 to pull DRVB down until device 187
shuts off at one Vtn above ground). When DRVB is pulled
low, transistor 176 turns on, shorting RSS and RRST
together, allowing a transfer of charge from capacitor Cp
to capacitance of the row reset line, CrsT - Since
transistor or switch 185 is off, the row reset line is no
longer coupled to ground and RRST and RSS settle to an
intermediate state, Vrl, that is between 2Vtn and Vpp -
0.7.
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At time tl (approximately 200 ns after tO), RSTB is
driven low, forcing the output of AND gate 182 low,
turning off transistor 183 and allowing DRVB to float.
Simultaneously, the voltage at node 170 drives RSS and
RRST (since transistor 176 is on) to a voltage Vr2 which
is above Vpp (if Cp is sized correctly). As RSS rises, the
parasitic capacitance between RSS and DRVB (the gate
capacitance of transistor 176) pulls DRVB to a higher
level such that the voltage across the gate of transistor
176 does not exceed process limitations, while keeping
transistor 176 in the on state. It should be recognized
that after DRVB is puilea low to turn transistor 176 on,
DRVB is subsequently allowed to float, with transistors
175 and 183 both off such that DRVB follows RSS. While
RRST 1is driven above Vpp, transistor 188 buffers the
devices connected to node 193 and below from the over-
voltage condition. Transistor 188 itself does not
experience excess gate oxide voltages since the gate is
tied to Vpp.

At time t2 (approximately 300ns after tl), INT is
driven high which pulls DRV low, turning on transistor 175
which in turn pulls DRVB up to Vpp - 0.7 again, turning
transistor 176 off. Simultaneously switch 185 turns on
which pulls RRST back down to 2Vtn.

At time t3 (approximately 100ns after t2), RSTB is
driven high again, pulling RSS back down to Vpp - 0.7.

In the case where the INT signal of a reset drive
circuit is held high (so as to not pass the RSS pulse on
to the row reset 1line) while RSTB is pulled low,
transistor 183 remains turned off and DRVB is not pulled
low, leaving transistor 176 turned off. Since RSTB 1is
driven low, forcing RSS above Vpp, the parasitic

capacitance between RSS and DRVB again causes DRVB to
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follow RSS. This action guarantees that transistor 176
stays turned off while RSS rises, isolating RRST from RSS
such that RRST stays low (at 2vtn). As DRVB is pulled
higher, diode D1 becomes reverse Dbias, isolating
transistor 188 from the excessive voltage of DRVB. In a
simil&r fashion to the protection transistor:188 offers,
transistor 186 now protects transistor 183 from the
voltage at DRVB. While DRVB will exceed Vppy during such a
RSTB interval, the gate-source voltage of tfansistor 176
does not exceed process specifications since the RRST low
level is above ground by 2Vtn. |

Referring to Fig. 6, a schematic diagram of a
representative active pixel sensor array 200 utilizing the
drive circuit of Figs. 2 and 4 in accordance with the
present invention is shown. Fig. 6 illustrates drive
circuit 150 coupled to a plurality of linearly arranged
pixel cells 110,, 110, and 110,.

The Row Reset signal is delivered from the drive
circuit to the reset transistors 112;, 112, and 112, of
each pixel cell. The pixel cells are analogous to pixel
cells 10 and 110 discussed above. The Row Select 114 and
source follower/buffer transistors 113 of cell 110 (Fig.
2) are shown as buffers 131;, 131, and 13l,, that are
enabled by Row Select. Array 200 is representative of a
row of a one-dimensional or two-dimensional array.

Referring to Fig. 7, a schematic diagram of a circuit
210 for generating a plurality of over-voltage drive
signals in accordance with the present invention is shown.

Circuit 210 includes an over-voltage generating component
149, discussed above, and a plurality of over-voltage
'protection and drive circuits 151;

Amongst other features, Fig. 7 illustrates that when

it is desired to provide a plurality of over-voltage
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pulses where only one pulse is generated at a time, this
can be achieved with a singular over-voltage generation
circuit 149 and a plurality of over-voltage protection and
drive circuits 151.

In a prefefred embodiment, an over-voltage pulse is
generated by generation circuit 149 and siﬁultaneously
delivered to the RSS input of each of the protection and
drive circuits 151. While the over-voltage pulse is
delivered to each of the protection and drive circuits,
the decode logic 171 provides an active INT signal to only
one of the plurality of protection and drive circuits.'
Only the protection and drive circuit whose INT signal is
low will pass the pulse through to its RRST output. The
RRST signals of the other protection and drive circuits
will be held low. |

While the invention has been described in connection
with specific embodiments thereof, it will be understood
that it is capable of further modification, and this
application is intended to cover any variations, uses, or
adaptations of the invention following, in general, the
principles of the invention and including such departures
from. the present disclosure as come within known or
customary practice in the art to which the invention
pertains and as may be applied to the essential features
hereinbefore set forth, and as fall within the scope of

the invention and the limits of the appended claims.
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CLAIMS

1. An integrated circuit apparatus, compri;ing:

an ovef—voltage circuit (149), that is capable of
operating at a given power supply voltage level, and that
produces an over-voltage signal that is "greater in
magnitude than said power supply voltage level; and

a gate circuit (151) that controllably passes said
over-voltage signal, wherein a bias voltage of said gate
circuit floats relative to said over-voltage signal so as

to provide over-voltage protection at said gate circuit.

2. The apparatus of claim 1, wherein said gate
circuit (151) includes a transistor (176) that is
configured to controllably pass said over-voltage signal,
said transistor effectively having an input and an output
and a control eléctrode, and wherein said floating
relative bias voltage (DRVB) is delivered to said control

electrode.

3. The apparatus of claim 2, wherein said control
electrode is selectively coupled to said power supply

voltage level.

4. The apparatus of claim 2, wherein said

transistor (176) is a FET transistor.

5. The apparatus of claim 1, wherein said power

supply voltage level is Vpp.

6. The apparatus of claim 2, wherein said output is

coupled to a node in a path through which a capacitive

(O
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voltage from a device coupled at said output can drain;
and
wherein a buffer transistor device is coupled between
said output and said node to protect components in said

voltage drain path from said over-voltage sigpal at said

output.

7. The apparatus of claim 6, further comprising a
constant current source éoupled to said voltage drain’

path.

8. The apparatus of claim 1, further comprisihg a
pixel cell (10,110) coupled to said gate circuit to

receive said over-voltage signal as the row reset signal.

9. The apparatus of claim 1, wherein said floating
bias voltage substantially follows said over-voltage

signal.

10. The apparatus of claim 1, wherein said over-
voltage circuit and said gate circuit are provided in a

single substrate.
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