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The present invention provides a compact row decoder with
(73) Assignee: CISTA SYSTEM CORP., San Jose, CA multiple voltage support. The row decoder may include a
(us) global driver and a plurality of row-level drivers. The global
driver may include one or more voltage level shifters that are
(21) Appl. No.: 14/538,772 operable to provide multiple voltages required to drive each
of'the plurality of row-level drivers. The plurality of row-level
(22) Filed: Nov. 11, 2014 drivers each may include only one voltage level shifter. In an
example, the row-level driver includes an address decoder
Related U.S. Application Data implemented in a digital domain providing an address selec-
(60) Provisional application No. 61/921,467, filed on Dec. ~ tion signal, a voltage level shifter to convert the address
29, 2013. selection signal to an analog domain, and a tow driver receiv-
ing driving signals from the global driver. The row driver has
Publication Classification no voltage level shifter contained therein. Thus, the row-level
drivers and the row decoder may be very compact. The
(51) Int.ClL present invention further provides a CMOS image sensor
HO4N 5/345 (2006.01) including the row decoder and a method of operating the
HO4N 5/374 (2006.01) CMOS image sensor.
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COMPACT ROW DECODER WITH
MULTIPLE VOLTAGE SUPPORT

CROSS-REFERENCE TO RELATED U.S.
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/921,467, tiled Dec. 29,
2013, which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable.

NAMES OF PARTIES TO A JOINT RESEARCH

AGREEMENT
[0003] Not applicable.
REFERENCE TO AN APPENDIX SUBMITTED
ON COMPACT DISC
[0004] Not applicable.
FIELD OF THE INVENTION
[0005] The present invention generally relates to the tech-

nical field of Complementary Metal-Oxide Semiconductor
(CMOS) image sensor, and more particularly, to CMOS
image sensor having a compact row decoder with multiple
voltage support.

BACKGROUND OF THE INVENTION

[0006] Consumer electronic products, for example, por-
table devices such as smart phones, pads, tablets, laptops and
digital cameras, have been rapidly developed and commer-
cialized. To function as a digital camera, these smart phones,
pads, tablets and laptops are typically equipped with one or
more camera modules to capture images or videos. Digital
cameras and camera modules can sense light using a semi-
conductor sensor, a common example of which is Comple-
mentary Metal-Oxide Semiconductor (CMOS) image sensor.
[0007] A CMOS image sensor includes a 2D (two dimen-
sion) array of pixels arranged in rows and columns, and a row
decoder to control operation of the pixels. The row decoder
includes a plurality of row-level decoders, the number of
which corresponds to the number of the pixel rows, and each
row-level decoder may drive a respective row of pixels. The
row-level driver often requires a plurality of high and low
voltages for its operation. However, logic control signals are
usually in a low voltage domain, which cannot serve directly
as the required high and low voltages. To solve this problem,
voltage level shifters are needed in each row-level decoder to
drive the high and low voltages.

[0008] As the resolution of the CMOS in sensor is continu-
ously improved, the number of the pixel rows included in the
CMOS image sensor increases accordingly. As a result, more
and more row-level decoders are deployed in the CMOS
image sensor to drive the pixel rows. These tow-level decod-
ers consume a significant portion of the layout area and
increase the overall cost of the image sensor.

[0009] Therefore, there exists a need for a compact row
decoder that is capable of providing multiple voltage support.
Advantageously, the present invention provides a solution
that can meet such a need. The approaches described in this
section are approaches that could he pursued, but not neces-
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sarily approaches that have been previously conceived or
pursued. Therefore, unless otherwise indicated, it should not
be assumed that any of the approaches described in this sec-
tion qualify as prior art merely by virtue of their inclusion in
this section.

SUMMARY OF THE INVENTION

[0010] One aspect of the present invention provides a com-
pact row decoder with multiple voltage support. The row
decoder comprises a plurality of row-level drivers configured
to drive a plurality of rows of pixels; and a global driver
comprising at least one global voltage level shifter that is
operable to drive the plurality of row-level drivers. In an
embodiment, the plurality of row-level drivers each com-
prises an address decoder and a row driver.

[0011] In an exemplary embodiment, a row decoder may
include a global driver and a plurality of row-level drivers that
correspond to a plurality of rows of pixels. The global driver
may include one or more voltage level shifters that are oper-
able to provide multiple voltages required to drive each of the
plurality of row-level drivers. The plurality of row-level driv-
ers may each include only one voltage level shifter.

[0012] Inanexample, each row-level driver may include an
address decoder, a voltage level shifter and a row driver. The
address decoder is implemented in a digital domain and oper-
ates to provide an address selection signal. The voltage level
shifter may convert the address selection signal to an analog
domain. The row driver may receive the converted address
selection signal from the voltage level shifter and driving
signals from the global driver. Although the row driver is
implemented in the analog domain, it has no voltage level
shifter contained therein. Thus, the row-level drivers and the
row decoder may be very compact.

[0013] Another aspect of the invention provides a CMOS
image sensor. The sensor comprises a plurality of rows of
pixels and a row decoder. The row decoder comprises a plu-
rality of row-level drivers configured to drive the plurality of
rows of pixels; and a global driver comprising at least one
global voltage level shifter that is operable to drive the plu-
rality of row-level drivers.

[0014] Still another aspect of the present invention provides
a method for operating a CMOS image sensor. The CMOS
image sensor comprises a plurality of rows of pixels, a row
decoder, and a global driver. The row decoder comprises a
plurality of row-level drivers provided for the plurality of
pixel rows, respectively. The method comprises a step of
generating, by the global driver, voltages in an analog domain
required for operation of the row-level drivers; and a step of
providing the voltages in the analog domain from the global
driver to the row-level drivers.

[0015] The above features and advantages and other fea-
tures and advantages of the present invention are readily
apparent from the following detailed description of the best
modes for carrying out the invention when taken in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0016] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numer-
als refer to similar elements. All the figures are schematic and
generally only show parts which are necessary in order to
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elucidate the invention. For simplicity and clarity of illustra-
tion, elements shown in the figures and discussed below have
not necessarily been drawn to scale. Well-known structures
and devices are shown in simplified form such as block dia-
grams in order to avoid unnecessarily obscuring the present
invention. Other parts may be omitted or merely suggested.
[0017] FIG. 1is a block diagram schematically showing a
row decoder in accordance with an exemplary embodiment of
the present invention.

[0018] FIG. 2 depicts a circuit diagram for a row driver and
a pixel coupled thereto in accordance with an exemplary
embodiment of the present invention.

[0019] FIG.3 is acircuit diagram for a row address decoder
with a voltage level shifter in accordance with an exemplary
embodiment of the present invention.

[0020] FIG. 4 shows a circuit diagram for a global driver
with voltage level shifters in accordance with an exemplary
embodiment of the present invention.

[0021] FIG. 5 is a block diagram showing a CMOS image
sensor in which embodiments of the present invention may be
implemented.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0022] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It
is apparent, however, to one skilled in the art that the present
invention may be practiced without these specific details or
with an equivalent arrangement

[0023] Itis also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only, and is not intended to limit the scope of the
invention. For example, when an element is referred to as
being “on”, “connected to”, or “coupled to” another element,
it can be directly on, connected or coupled to the other ele-
ment or intervening elements may be present. In contrast,
when an element is referred to as being “directly on”,
“directly connected to”, or “directly coupled to” another ele-
ment, there are no intervening elements present.

[0024] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0025] Below, respective embodiments will he described in
details by reference to the accompanying drawings. Inciden-
tally, in all the drawings for describing the embodiments, the
elements having the same function are given the same refer-
ence signs and numerals, and a repeated description thereon is
omitted. Further, in the following embodiments, a description
on the same or similar portions will not be repeated unless
otherwise required.

[0026] The compact row decoder of the present invention
can significantly reduce the layout area thereof, when it pro-
vides multiple high and low voltage support. It also provides
the flexibility to add additional logic functions at low cost of
the layout area.

[0027] FIG. 1is a high level block diagram showing a row
decoder 100 in accordance with an exemplary embodiment of
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the present invention. Referring to FIG. 1, the row decoder
100 includes two main parts, i.e., a row level driver 10 and a
global driver 20. Although not shown, there may be a plurality
of'row level drivers 10 that serve to drive a plurality of rows of
pixels, respectively. Only one global driver 20 serves to drive
the plurality of row level drivers 10.

[0028] Each oftherow level drivers 10 may further contain
two major sub-blocks, i.e., an address decoder 30 and a row
driver 50. The address decoder 30 may he implemented in a
digital domain, e.g., using a low voltage digital power supply
and digital core Metal-Oxide Semiconductor Field Effect
Transistors (MOSFETs). The row driver 50 may be imple-
mented in an analog domain, which uses high and low voltage
supplies as required. Since the address decoder 30 and the row
driver 50 are included in the row level driver 10, they both are
repetitively provided for the plurality of pixel rows, thereby
costing a significant portion of the layout area.

[0029] In the embodiment, the high and low voltage sup-
plies requited in the row driver 50 may be provided by the
global driver 20. Specifically, the global driver 20 may
include at least one global voltage level shifter (not shown) to
convert driving signals from the digital domain to the required
analog domain. Thus, the row driver 50 does not need any
voltage level shifter contained therein. The row level drivers
10 may include only one low-to-high buffer, i.e., the voltage
level shifter 40 connected between the address decoder 30
and the row driver 50 as shown in FIG. 1. The voltage level
shifter 40 may convert a digital voltage to a highest swing
control voltage, which will be discussed in more details later.
[0030] Although the at least one voltage level shifter circuit
is still required in the global driver 20, and it needs relatively
large buffers to drive all the row level driver circuits, it still
costs much smaller layout area than putting the voltage level
shifter into each row, because it only repeats one time, not as
many times as the row level drivers 10 repeat. The low-to-
high voltage level shifter 40, which may be a one-bit buffer
provided in each of the plurality of row level drivers 10, costs
some layout area, but it is much less than multiple in-row
voltage level shifters that are otherwise provided in each row
level driver 10. The address decoder 30 provided in each row
level driver 10 uses a low voltage, which enables it to use the
smallest digital MOSFETs. As a result, more complex
address decoding logics can be implemented in this sub-block
without adding a large layout area. Based on the above struc-
tures, the overall layout area of the row decoder 100 would be
very compact.

[0031] FIG. 2 illustrates a circuit diagram of the row driver
50 and one of the pixels 110 driven by the row driver 50, in
accordance with an exemplary embodiment of the present
invention. As a typical pixel for a CMOS image sensor, the
pixel 110 has three major inputs, i.e., a reset signal RST, a
transfer signal TX, and a row selection signal RS. Each input
may require a high voltage and a low voltage. The row driver
50 may include three identical logic and driving structures for
each of the three input signals, i.e., a channel 52 for the reset
signal RST, a channel 54 for the transfer signal TX, and a
channel 56 for the row selection signal RS.

[0032] Referring to FIG. 2, the channel 52 for the reset
signal RST may include an AND gate 120 and an inverter 130.
The AND gate 120 receives an address selection signal ADD _
SEL_H, which has been converted by the voltage level shifter
40 to a highest swing control voltage, and a reset control
signal RST_H provided from the global driver 20. The output
of the AND gate 120 is connected to an input of the inverter
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130. Thus, the channel 52 for the reset signal RST may
determine the output signal RST on the basis of the address
selection signal ADD_SEIL._H and the reset control signal
RST_H. The channel 54 for the transfer signal TX may
include an AND gate 140 and an inverter 150. The AND gate
140 receives the address selection signal ADD_SEI,_Hand a
transfer control signal TX_H provided from the global driver
20. The output of the AND gate 140 is connected to an input
of'the inverter 150. Thus, the channel 54 for the transfer signal
TX may determine the output signal TX on the basis of the
address selection signal ADD_SEL_H and the transfer con-
trol signal TX_H. The channel 56 for the row selection signal
RS may include an AND gate 160 and an inverter 170. The
AND gate 160 receives the address selection signal ADD_
SEL,; H and a row selection control signal RS_H provided
from the global driver 20. The output of the AND gate 160 is
connected to an input of the inverter 170. Thus, the channel 56
for the row selection signal RS may determine the output
signal RS on the basis of the address selection signal ADD_
SEL_H and the row selection control signal RS
[0033] As shown in FIG. 2, when the address selection
signal ADD_SEL_H is high, it means that this row of pixels is
selected for access; when it is low, it means that this row of
pixels is in a non-access status. The reset control signal RST_
H, the transfer control signal TX_H and the row selection
control signal RS_H may further determine only a portion of
the time the pixels 110 in the row are accessible.
[0034] All the input signals, ADD_SEL._H, RST_H,
TX_H, and RS_H, have already been converted to the highest
swing voltage domain, and all the logic gates and inverters
involved here, i.e., the AND gates 120, 140, 160 and the
inverters 130, 150, 170, are powered by its related high and
low voltages. The high voltages for V_RST_High, V_TX_
High and V_RS_High may he the same or different, and the
low voltages for V_RST_Low, V_TX Low and V_RS_Low
may be the same or different. In any condition, the input
signals ADD_SEL_H, RST_H, and RS_H should have been
converted to the highest voltage range, i.e.,

V_input_High=max (V_RST_High,V_ TX_ High,V__

RS_High);

V_input_Low=min(V_RST Low,V_TX Low,V_RS_
Low).

[0035] As can be seen, since all the input signals ADD_
SEL_H, RST_H, and RS_H have been converted to the high-
est voltage range, the row driver 50 may not have any voltage
level shifter contained therein. Thus, the layout area cost by
the row driver 50 may he greatly reduced, especially consid-
ering that one row driver 50 is provided for each row of pixels.
In addition, the address selection signal ADD_SEL_H, the
reset control signal RST_H, the transfer control signal TX_H
and the row selection control signal RS_H will be discussed
in more detailing later.

[0036] Further referring to FIG. 2, the pixel 110 may oper-
ate with the reset signal RST, the transfer signal TX and the
row selection signal RS. As shown, the pixel 110 may include
a typical 4T (four transistor) structure, i.e., a transfer transis-
tor Mtx, a rest transistor Mrst, a source-follower readout
transistor Msf, and a row selection transistor Mrs. The pixel
110 may further include a photodetector such as a photodiode
PD, and the photodiode PD may sense light and convert light
into charges. When the transfer transistor Mtx turns on, the
charges may be transferred to a floating diffusion (FD) region.
The readout transistor Msf may act as an amplifier which
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allows the pixel voltage to be observed without removing the
accumulated charges in the FD region. The row select tran-
sistor Mrs allows a single row of the pixel array to be read by
the read-out electronics via the pixel signal bus. The reset
transistor Mrst acts as a switch to reset the floating diffusion
region. When the reset transistor turns on, the FD region is
effectively connected to the power supply Vdd, clearing all
accumulated charges.

[0037] Itwould be apparent that the present invention is not
limited to any specific structure of the pixel 110 or the pixel
array of the CMOS image sensor. The embodiments set forth
here are also applicable to pixels having other structures, such
as Noble 3T pixels and 5T or 6T pixels. The same effects may
also be achieved in such pixels by applying the embodiments
as disclosed here.

[0038] Referring now to FIG. 3, there shows a circuit dia-
gram for a row address decoder 300 and a one-bit voltage
level shifter 310 in accordance with an exemplary embodi-
ment of the present invention. The row address decoder 300
may beused as the address decoder 30 as shown in FIG. 1, and
the one-bit voltage level shifter 310 may be used as the volt-
age level shifter 40 as shown in FIG. 1.

[0039] As shown in FIG. 3, the row address decoder 300
may include digital logic gates 320. 330, 340 and 350. The
logic gates 320, 330 and 340 may be NAND gates which have
their inputs connected to the address lines A<n: 0> (A<8:0>in
this example), and the logic gate 350 may be a NOR gate
which has its inputs connected to the outputs Of the NAND
gates 320, 330 and 340. It would be apparent that in other
embodiments, the row address decoder 300 may include more
or less digital logic gates, depending on the number of the
rows included in the pixel array.

[0040] Only when all the address lines A<0>to A<n> are at
a high level, the output of the NOR gate 350, i.e., the digital
row selection signal ADD_sel_D, can be at a high level,
which means the row that corresponds to the row address
decoder 300 is selected for access. All the logic gates 320,
330, 340 and 350 included in the row address decoder 300
may use low voltage digital core MOSFETs, which occupy a
very small layout area. Since the basis layout area is in a pure
digital domain, it is also very easy to add additional row level
logic functions, for example, adding a latch or additional
logic elements, without adding a lot of layout area cost.
[0041] The digital signal ADD_sel_D may be provided
from the row address decoder 300 to the input of the one-bit
voltage level shifter 310, where it is converted to a high
voltage range signal ADD_SEL._H that is high enough to
drive the row driver circuit 50. Referring to FIG. 3, the one-bit
voltage level shifter 310 may be implemented as a typical
voltage level shifter circuit that includes a digital domain
inverter 360 and a cross-coupled inverting pair composed of
MOSFETs 400, 410, 420, 430, 440 and 450. Specifically, the
PMOS transistor 400, the PMOS transistor 410 and the
NMOS transistor 420 that are connected in series in this order
are parallel with the PMOS transistor 430, the PMOS tran-
sistor 440 and the NMOS transistor 450 that are connected in
series in this order between a power supply Vddh and the
around GNDa. The gate of the PMOS transistor 400 is con-
nected to a connecting point between the PMOS transistor
440 and the NMOS transistor 450, and a gate of the PMOS
transistor 430 is connected to a connecting point between the
PMOS transistor 410 and the NMOS transistor 420. The
digital signal ADD_sel_D is provided to the gate of the
PMOS transistor 410 and the NMOS transistor 420 and to the
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input of the inverter 360, and the output of the inverter 360 is
provided to the gate of the PMOS transistor 440 and the
NMOS transistor 450. The output signal ADD_SEL_H is
extracted from the connecting point between the PMOS tran-
sistor 440 and the NMOS transistor 450.

[0042] The digital input signal ADD_sel_D goes into the
digital domain inverter 360 first, and then the input and output
of the inverter 360 drive the cross-coupled inverting pair
400-450 in a high voltage domain, thereby generating the
output signal ADD_SEIL,_H. Thus, the address selection sig-
nal ADD_SEL_H has been converted to the highest swing
control voltage by the voltage level shifter 310, and it
becomes high enough to drive the row driver 50. It would be
apparent that the voltage level shifter 310 may also use any
other structures. Again, the address decoder 300 (or 30) is
implemented in the digital domain, and it includes no voltage
level shifter. Although the row driver 50 is implemented in the
analog domain, it does not include any voltage level shifter
either. As discussed below, the row driver 50 may acquire
driving signals in the analog domain from the global driver
20. Therefore, the row level driver 10 may include only one
voltage level shifter, i.e., the voltage level shifter 40 (or 310),
and thus it may be built very compact.

[0043] FIG. 4 shows a circuit diagram for the global driver
20 with voltage level shifters in accordance with an exem-
plary embodiment of the present invention. Again, the global
driver 20 does not need to repeat as the row level driver 10
does. Referring to FIG. 4, the global driver 20 may include a
plurality of digital voltage domain inverters 500, 510,520 and
530 that form a driver for address signals Address<n:0> (Ad-
dress<8:0> in this example). The plurality of digital voltage
domain inverters 500, 520 and 530 convert the digital address
signal Address<8:0> into complementary signals A<8:0>and
NA<8:0> for easy connection in the row level address
decoder 300. As discussed above, the address decoder 300
may be implemented in the pure digital domain, so there is no
need to convert voltage domain for the address signals.

[0044] For other control signals RST_H, TX_Hand RS_H,
however, voltage conversion is necessary because the row
driver 50 is implemented in the analog domain as disclosed
above. Specifically, the global driver 20 may include a first
global voltage level shifter 540, a second global voltage level
shifter 570, and a third global voltage level shifter 600. An
input signal RS_D, which is in a low voltage digital domain,
firstly goes to the first global voltage level shifter 540 where
it is converted to an RS_High/RS_Low domain. Then, the
output from the first global voltage level shifter 540 passes
through the inverters 550,560 in an RS_High/RS_T.ow power
supply domain to output the driving signal RS_H. The first
global voltage level shifter 540 may use the same structure as
the voltage level shifter 310 shown in FIG. 3, or any other
suitable structures. Similarly, the other two signals RST_D
and TX_D can utilize the same voltage level shifting and
inverter buffering structure as the signal RS_D does. Refer-
ring to FIG. 4, the digital control signal RST_D may be
processed in a channel composed of the second global voltage
level shifter 570 and following inverters 580, 590, thereby
generating the driving signal RST_H. The digital control
signal TX_D may be processed in a channel composed of the
third global voltage level shifter 600 and following inverters
610, 620, thereby generating the driving signal TX_D. Please
note that the voltage level shifters 540, 570 and 600 may be in
different voltage levels in different applications, or under
different requirements. As such, the control signals have been
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converted from the digital domain to the analog domain when
they are provided to drive the row driver 50. So, the row driver
50 does not need to include any voltage level shifter. In
addition, due to the simple structure of the global driver 20 as
described above, its layout size can be very small too.
[0045] FIG. 5 depicts a block diagram showing a CMOS
image sensor 700 in which embodiments of the present inven-
tion may be implemented. Referring to FIG. 5, the CMOS
image sensor 700 may include a pixel array 720. The pixel
array 720 may include a plurality of pixels arranged in rows
and columns, and each of the plurality of pixels may be the
same as or similar to the pixel 110 as shown in FIG. 2.
[0046] The pixel array 720 may be driven by the row
decoder 100 as previously discussed with reference to FIGS.
1-4 and a column decoder 710, and an image signal generated
by the pixel array 720 may be extracted by a sampling circuit
730 and be further processed by a processing circuit (not
shown).

[0047] An embodiment for the method of operating the
CMOS image sensor 700 will be described herein with ref-
erence to FIGS. 1-5. Specifically, the method may include
generating, by the global driver 20, voltages in the analog
domain required for operation of the plurality of row-level
drivers 10, and providing the voltage in the analog domain
from the global driver to the plurality of row-level drivers 10.
In particular, the voltages in the analog domain may be used
to drive the row driver 50 that is included in each of the
row-level drivers 10. In an example, the voltages in the analog
domain may be generated by one or more voltage level
shifters converting the voltages from the digital domain to the
analog domain. In such a case, the driving voltages requited
for the row driver 50 has been converted into the analog
domain by the global driver 20 when they are provided to the
row driver 50. The row-level driver 10 may include only one
voltage level shifter 40 that converts the address selection
signal ADD_sel_D in the digital domain provided from the
address decoder 30 to the address selection signal ADD_
SEL_H in the analog domain so that it can be used directly by
the row driver 50. Consequently, the row driver 50 itself does
not need any voltage level shifter.

[0048] In the foregoing specification, embodiments of the
present invention have been described with reference to
numerous specific details that may vary from implementation
to implementation. The specification and drawings are,
accordingly, to be regarded in an illustrative rather than a
restrictive sense. The sole and exclusive indicator of the scope
of the invention, and what is intended by the applicant to be
the scope of the invention, is the literal and equivalent scope
of the set of claims that issue from this application, in the
specific form in which such claims issue, including any sub-
sequent correction.

1. A row decoder, comprising:

a plurality of row-level drivers (10) configured to drive a

plurality of rows of pixels; and

a global driver (20) comprising at least one global voltage

level shifter that is operable to drive the plurality of
row-level drivers.

2. The row decoder according to claim 1, wherein each of
the plurality of row-level drivers comprises an address
decoder (30) and a row driver (50).

3. The row decoder according to claim 2, wherein the
address decoder is implemented in a digital domain, and
wherein the row driver is implemented in an analog domain.
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4. The row decoder according to claim 2, wherein the at
least one global voltage level shifter is configured to provide
driving signals in an analog domain to the row driver.

5. The row decoder according to claim 2, wherein the row
driver has no voltage level shifter included therein.

6. The row decoder according to claim 2, wherein the
plurality of row-level drivers each further comprises a row-
level voltage level shifter connected between the address
decoder and the row driver.

7. The row decoder according to claim 6, wherein the
row-level voltage level shifter is configured to convert a row
access signal from a digital domain to an analog domain.

8. The row decoder according to claim 6, wherein the
plurality of row-level drivers each comprises only one row-
level voltage level shifter.

9. The row decoder according to claim 2, wherein the at
least one global voltage level shifter further comprises:

a first global voltage level shifter configured to convert a
reset control signal from a digital domain to an analog
domain;

a second global voltage level shifter configured to convert
a transfer control signal from the digital domain to the
analog domain; and

a third global voltage level shifter configured to convert a
row selection control signal from the digital domain to
the analog domain,

wherein the reset control signal, the transfer control signal
and the row selection control signal in the analog domain
are provided to the row driver.

10. The row decoder according to claim 9, wherein the row

driver comprise:

a reset channel configured to receive the reset control sig-
nal and generate a reset signal for a reset operation of a
pixel;

atransfer channel configured to receive the transfer control
signal and generate a transfer signal for a charge transfer
operation of a pixel; and

a read channel configured to receive the row selection
control signal and generate a row selection signal for a
read operation of a pixel.

11. A CMOS image sensor, comprising a plurality of rows

of pixels; and a row decoder, wherein the tow decoder com-

Jul. 2, 2015

prises a plurality of row-level drivers (10) configured to drive
the plurality of rows of pixels; and a global driver (20) com-
prising at least one global voltage: level shifter that is oper-
able to drive the plurality of row-level drivers.

12. The CMOS image sensor according to claim 11,
wherein the plurality of row-level drivers each comprises an
address decoder (30) and a row driver (50).

13. A method for operating a CMOS image sensor, the
CMOS image sensor comprising a plurality of rows of pixels
and a row decoder, the row decoder comprising a plurality of
row-level drivers provided for the plurality of pixel rows,
respectively, and a global driver, the method comprising:

generating, by the global driver, voltages in an analog

domain required for operation of the row-level drivers;
and

providing the voltages in the analog domain from the glo-

bal driver to the row-level drivers.

14. The method according to claim 13, wherein the row-
level drivers each comprise an address decoder implemented
in a digital domain and a row driver implemented in the
analog domain, and wherein the step of providing the voltages
comprises providing the voltages in the analog domain to the
row driver.

15. The method according to claim 14, wherein the step of
generating the voltages comprises converting, by at least one
voltage level shifter included in the global driver, the voltages
from the digital domain to the analog domain.

16. The method according to claim 14, wherein the row
driver has no voltage level shifter included therein.

17. The method according to claim 14, further comprising:

generating, by the address decoder, a row access signal in

the digital domain; and

converting, by a row-level voltage level shifter connected

between the address decoder and the row driver, the row
access signal from the digital domain to the analog
domain.

18. The method according to claim 14, wherein the plural-
ity of row-level drivers each comprise only one voltage level
shifter.



