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ABSTRACT

A dual-gate thin-film transistor (DG-TFT) voltage storage
circuit is provided. The circuit includes a voltage storage
element, a DG-TFT having a first source/drain (S/D) con-
nected to a data line, a top gate connected to a first gate line,
a second S/D region connected to the voltage storage
element, and a bottom gate connected to a bias line. In one
aspect, the circuit further includes a voltage shifter having an
input connected to the first gate line and an output to supply
a bias voltage on the bias line. Examples of a voltage storage
element include a capacitor, a liquid crystal (L.C) pixel, and
a light emitting diode (LED) pixel.
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DUAL-GATE TRANSISTOR DISPLAY

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of a pend-
ing patent application entitled, DUAL-GATE THIN-FILM
TRANSISTOR, invented by Scheule et al., Ser. No. 10/953,
913, filed Sep. 28, 2004. This application is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention generally relates to integrated cir-
cuit (IC) and liquid crystal display (LCD) fabrication and,
more particularly, to a display with pixel elements controlled
using a dual-gate thin-film transistor (DG-TFT).

[0004] 2. Description of the Related Art

[0005] 1In order to achieve high contrast and minimize
crosstalk in a display system, such as a liquid display or a
light-emitting diode panel, it is important to employ an
active matrix (AM) architecture, where one or more active
devices are used in each pixel to control the pixel switching
characteristics. Various AM architectures exist, varying in
complexity and principles of operation. Generally, a tradeoff
exists between switching speed (fast refresh times) and
storage time (low current leakage). Greater pixel function-
ality can be obtained by using a greater number of active
elements to control the pixel. Of course, since the dimen-
sions of the pixel are fixed, the number of thin-film transis-
tors (TFTs) that can be incorporated into each pixel cannot
be arbitrarily large. As soon as a pixel architecture is
implemented, the switching characteristics of the pixel (i.e.
how fast it can charge/discharge to the new voltage/current
values as the picture is refreshed) are considered fixed.

[0006] FIG. 13 is a schematic drawing depicting two
examples of conventional active matrix system pixels (prior
art). In many embodiments, the display is built on a tem-
perature-sensitive substrate, such as glass, necessitating the
use of amorphous-Si or polycrystalline Si TFTs formed at
low temperature. When enabled in the ON state, the switch-
ing TFT activates a constant current (or voltage) source that
controls the liquid crystal or light emitting element (left
schematic). A simplified representation is shown to the right,
where the source/light element combination is replaced by
an equivalent load impedance Z; .

[0007] FIG. 14 is a schematic depicting a conventional
LCD display pixel architecture, employing amorphous-Si or
low-temperature polycrystalline silicon N-channel TFTs
(prior art). Vdata is the data (column) line, Vr1 and Vr2 are
two consecutive row selection lines, Cgq 1s the storage capaci-
tor, C; - is the liquid crystal (LC) element (a light valve), and
V. the potential across the L.C, which determines the light
intensity of that specific pixel.

[0008] FIG. 15 is a signal diagram for the circuit of FIG.
14 (prior art). A typical running sequence for this pixel, not
including parasitic effects (such as the parasitic gate-source
capacitance of the TFT), is shown. Assume that the Vr2 line
(the row line for the next row of pixels) is de-activated, i.e.
at a negative voltage. When Vrl switches ON (positive
voltage), the switching transistor turns ON. The voltage
level present at Vdata then propagates through the TFT and
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charges the storage capacitor Cs and the liquid crystal
element capacitance (C; ). The time it takes to store this
value is indicated by t, in the plot of output voltage V..
t is a function of the channel resistance of the TFT, itself
a function of mobility and threshold voltage, and the charg-
ing capacitors Cg and C; .

[0009] After the capacitors have charged, Vrl turns OFF
(i.e. negative), and the TFT turns OFF. Ideally, the pro-
grammed value V. should stay constant. However, the
voltage changes slightly because of leakage through the
TFT. The TFT has a finite channel resistance in its OFF state.
This leakage is indicated by V..., in the plot of V.. The
brightness of the pixel is controlled by V., so V,,, is
minimized to prevent changes in an image with respect to
time. When a pixel is to be programmed again (a negative
value of Vdata), Vrl turns on again, and the charging-
retaining process described above is repeated.

[0010] FIG. 16 is a schematic drawing of a conventional
LED pixel architecture (prior art). In the case of a light-
emitting diode active matrix display, an individual LED is
built in each pixel. The depicted pixel architecture employs
PMOS TFTs.

[0011] Here, a constant power supply line (VDD) is
required for all pixels. The timing diagram would be similar
to that of the LCD pixel (FIG. 15). When Vr1 turns ON, TFT
M1 turns ON, causing the value in Vdata to be stored in
storage capacitor Cg. This capacitor is across the gate-source
terminals of M2, which then acts a constant current supply
for the LED. When Vrl turns OFF, M1 turns OFF, and the
charge stored in Cs continues to induce a constant current
through the LED via M2.

[0012] As with the LCD pixel, there is a rise time asso-
ciated with the charging of Cg through M1, determined
partly by the threshold voltage of M1, as well as a loss in the
programmed voltage across Cs due to leakage through M1,
when M1 is OFF.

[0013] FIG. 17 is a schematic diagram of a conventional
active-matrix system (prior art). Pixel data is loaded in
parallel (i.e. simultaneously in all columns). The row in
which the Data is stored is determined by the currently-on
Row (in this case Row2). In the next time instance, Row2
will be off, Row3 will be on, and a new set of Data will be
present.

[0014] Tt would be advantageous if the both the switching
time and leakage current of a display pixel element could be
improved without increasing the number of TFTs associated
with the pixel.

SUMMARY OF THE INVENTION

[0015] The present invention involves the use of a dual-
gate TFT (DG-TFT) as the switching element in each AM
pixel, to adjust the pixel switching characteristics dynami-
cally, in real time. This approach has the advantage of
circumventing tradeoffs in pixel design, since the DG-TFT
can be switched to have optimum characteristics in each
mode of display operation. That is, a low threshold voltage
can be set during refresh operations, for fast switching. In
the pixel OFF mode, the DG-TFT can be set to a high
threshold voltage, to minimize the leakage current.

[0016] Accordingly, a DG-TFT voltage storage circuit is
provided. The circuit comprises a voltage storage element, a
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DG-TFT having a first source/drain (S/D) connected to a
data line, a top gate connected to a first gate line, a second
S/D region connected to the voltage storage element, and a
bottom gate connected to a bias line. In one aspect, the
circuit further comprises a voltage shifter having an input
connected to the first gate line and an output to supply a bias
voltage on the bias line. Examples of a voltage storage
element include a capacitor, a liquid crystal (LC) pixel, and
a light emitting diode (LED) pixel.

[0017] A method for controlling a DG-TFT voltage stor-
age circuit is also provided. The method comprises: supply-
ing a DG-TFT voltage storage circuit, as described above;
supplying an OFF voltage to the gate line; in response to the
OFF voltage, disabling current through the DG-TFT to the
voltage storage element; supplying a first bias voltage to the
bias line; and, decreasing the leakage current through the
DG-TFT in response to the first bias voltage.

[0018] Alternately, the method comprises: supplying an
analog (storage) voltage to the data line; supplying an ON
voltage to the gate line; enabling current flow through the
DG-TFT to the voltage storage element; supplying a second
bias voltage to the bias line; and, decreasing the threshold
voltage of the DG-TFT in response to the second bias
voltage.

[0019] Additional details of the above-described DG-TFT
voltage storage circuit and method of control are provided
below, along with an explanation of a display array made
from DG-TFT voltage storage circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a schematic block diagram of a dual-gate
thin-film transistor (DG-TFT) voltage storage circuit.

[0021] FIG. 2 is a partial cross-sectional view of an
exemplary DG-TFT.

[0022] FIG. 3 is a schematic block diagram of a DG-TFT
LC pixel circuit.

[0023] FIG. 4 is a schematic block diagram of DG-TFT
LED pixel circuit.

[0024] FIG. 5 is a schematic block diagram of a DG-TFT
voltage storage matrix.

[0025] FIG. 6 is a partial cross-sectional view and sche-
matic of an another exemplary DG-TFT.

[0026] FIG. 7 is a semilog plot of current vs. voltage
(I,-Vy,) for an NMOS DG-TFT.

[0027] FIG. 8 is a schematic representation of a pixel
architecture using a DG-TFT controlled by a back-gate bias
V.

[0028] FIG. 9 is a schematic drawing of an active-matrix
display with bias voltage lines.

[0029] FIG. 10 is a schematic diagram depicting the AM
display of FIG. 9, with the addition of voltage shifters.

[0030] FIG. 11 is a signal diagram of the DG-TFT LCD
pixel architecture of FIG. 3.

[0031] FIG. 12 is a flowchart illustrating a method for
controlling a DG-TFT voltage storage circuit.
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[0032] FIG. 13 is a schematic drawing depicting two
examples of conventional active matrix system pixels (prior
art).

[0033] FIG. 14 is a schematic depicting a conventional
LCD display pixel architecture, employing amorphous-Si or
low-temperature polycrystalline silicon N-channel TFTs
(prior art).

[0034] FIG. 15 is a signal diagram for the circuit of FIG.
14 (prior art).
[0035] FIG. 16 is a schematic drawing of a conventional

LED pixel architecture (prior art).

[0036] FIG. 17 is a schematic diagram of a conventional
active-matrix system (prior art).

DETAILED DESCRIPTION

[0037] FIG. 1is a schematic block diagram of a dual-gate
thin-film transistor (DG-TFT) voltage storage circuit. The
circuit 100 comprises a voltage storage element 102 having
an input on line 104 and an output on line 106. A DG-TFT
108 has a first source/drain (S/D) 110 connected to a data
line 112, a top gate 114 connected to a first gate line 116, a
second S/D region 118 connected to the voltage storage
element input 102 on line 104, and a bottom gate 120
connected to a bias line 122. The output of storage element
102 is shown as connected to a reference voltage (i.e.,
ground) on line 106.

[0038] FIG. 2 is a partial cross-sectional view of an
exemplary DG-TFT. The DG-TFT 108 has the DG-TFT
bottom gate 120 aligned in a first horizontal plane 200. The
first S/D region 110 and second S/D region 118 are aligned
in a second horizontal plane 202, overlying the first plane
200. The top gate 114 is aligned in a third horizontal plane
204, overlying the second plane 202. A channel region 206
is formed in the second horizontal plane 202, intervening
between the first S/D region 110 and the second S/D region
118. The bottom gate 120 has vertical sides 208 and 209, and
insulating sidewalls 210 and 212 are formed over the bottom
gate vertical sides 208 and 209, respectively. The first S/D
region 110 and second S/D region 118 overlie the bottom
gate 120, between the bottom gate vertical sides 208 and
209.

[0039] Tt should be noted that FIG. 2 describes one
particular embodiment of a DG-TFT. Other DG-TFT
devices, both conventional and proprietary (not shown) may
also be used to enable the voltage storage circuit of FIG. 1.

[0040] Returning to FIG. 1, in some aspects the circuit
100 further comprises a voltage shifter 124 having an input
connected to the first gate line 116 and an output to supply
a bias voltage on the bias line 122. For example, in a first
scenario the circuit 100 is enabled to store a voltage. Then,
the first gate line accepts an OFF voltage. The voltage shifter
124 supplies a first bias voltage on line 122, and leakage
current through the DG-TFT 108 decreases in response to
the first bias voltage. In this scenario, leakage current is
sourced by the voltage storage element 102, passing through
the DG-TFT 108. For example, a simple voltage shifter
could be a resistor divider network.

[0041] 1In a second scenario, the circuit 100 is enabled to
quickly store or refresh a stored voltage. Then, the first gate
line 116 accepts an ON voltage. It is assumed that an analog
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voltage, the desired storage value, is applied to data line 112.
The voltage shifter 124 supplies a second bias voltage, and
the voltage threshold of the DG-TFT 108 decreases in
response to the second bias voltage. The above-mentioned
examples are necessarily broad, to accommodate the
description of both NMOS and PMOS type DG-TFTs. One
skilled in the art would understand the relative voltage and
bias levels needed to operate either kind of device.

[0042] The voltage storage element may be a capacitor, a
liquid crystal (LC) pixel, or a light emitting diode (LED)
pixel. However, other applications of above-described cir-
cuit exist. Examples of an LC pixel and LED pixel circuits
follow.

[0043] FIG. 3 is a schematic block diagram of a DG-TFT
LC pixel circuit. The circuit 300 comprises an LC element
302 having a first terminal connected to the DG-TFT second
S/D region on line 104, and a second terminal connected to
a reference voltage on line 304. A storage capacitor 306 has
a first terminal connected to the DG-TFT second S/D region
on line 104, and a second terminal connected to a second
gate line 308, adjacent the first gate line 116. For simplicity,
the second gate line 308 may be represented as a reference
voltage. Practically however, the storage capacitor of a pixel
element is discharged into a neighboring gate line, to mini-
mize the number of electrical interconnects that need be
formed, and so minimize the size of the pixels.

[0044] Tt should be understood that the circuit of FIG. 3 is
a very simple variation of an LC pixel. Other LC pixels (not
shown) are more complex, incorporating additional active
and passive components. Those skilled in the art would be
able to apply the principles of the circuit of FIG. 3 to more
complex variations.

[0045] FIG. 4 is a schematic block diagram of DG-TFT
LED pixel circuit. The circuit 400 comprises a storage
capacitor 402 having a first terminal connected to the
DG-TFT second S/D region on line 104, and a second
terminal connected to a dc voltage line 404. A current source
406 has a current input connected to the dc voltage line on
line 404, a control input connected to the DG-TFT second
S/D region on line 104, and a current output on line 408. An
LED 410 has an input connected to the current source
current output on line 408, and an output connected to a
reference voltage on line 412. Here, the current source is
simply a FET, however, other types of current sources are
well known in the art.

[0046] Again, it should be understood that the circuit of
FIG. 4 is a very simple variation of an LED pixel that is
presented as an example to illustrate the invention. Other
LED pixels (not shown) are more complex, incorporating
additional active and passive components. Those skilled in
the art would be able to apply the principles of the circuit of
FIG. 4 to more complex variations. Likewise, it should be
understood that the present invention voltage storage circuit
has other storage applications, including other types of
display circuitry.

[0047] FIG. 5 is a schematic block diagram of a DG-TFT
voltage storage matrix. The matrix 500 comprises a first
plurality of data lines 502, a second plurality of gate lines
504, and a second plurality of bias lines 506. Bach bias line
506 is associated with a corresponding gate line 504. Shown
are three data lines and three gate (bias) lines. However, the
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matrix 500 is not limited to any particular number. A third
plurality of DG-TFT voltage storage circuits 100 are shown,
with a unique circuit 100 intervening between each data line
502 and each gate line 504. The voltage storage circuit 100
is as described in the explanation of FIG. 1 and will not be
repeated here in the interest of brevity.

[0048] Conventionally, the data line does not turn ON or
OFF, it only changes values depending on the desired
voltage level to program the pixels. Each data line is shared
by all pixels in the same column. So, when the gate line of
a particular row (i.e., row 2) turns ON, the voltages present
in the data lines are stored in the pixels. When it is time to
program the next row, the data lines do not turn OFF. The
gate lines for row 2 turn OFF, the data lines’ voltages are
changed to the desired values to program the next row (i.e.
row 3), and the gate lines for row 3 turn ON, thus “feeding”
the new data into row 3. In other words, data is always
present to the data lines of all pixels. The gate line (which
is ON in ONLY one row at a time) determines the line into
which the data is fed.

[0049] 1In one aspect, the matrix 500 further comprises a
second plurality of voltage shifters (VSs) 506. Each voltage
shifter 506 has an input connected to a gate line 504 and an
output to supply a bias voltage on a corresponding bias line
506. As shown, there is a single voltage shifter for each bias
line, however, other implementations are possible. In
another aspect, the bias voltage is supplied independent of
the gate voltage by other circuitry (not shown).

[0050] Based upon the above-mentioned examples
describing the use of the circuit of FIG. 1, an extrapolation
of the operation of the matrix 500 should be straightforward.
Likewise, an explanation of capacitor, LC pixel, and LED
pixel elements, as examples of matrix voltage storage cir-
cuits, are not repeated in the interest of brevity, see the
explanation of FIGS. 3 and 4.

Functional Description

[0051] FIG. 6 is a partial cross-sectional view and sche-
matic of an another exemplary DG-TFT. As described
above, a DG-TFT can be used as the switching element in an
active-matrix. Specifically, the invention makes use of the
fact that the threshold voltage of a DG-TFT can be modu-
lated by the applied bias at the bottom (or secondary) gate
terminal. The application of a bottom bias can also affect the
OFF (leakage) current of the device.

[0052] When a zero bias is applied at the back gate, the
transistor operates as a conventional TFT, with a threshold
voltage V1,. A negative bias (-Vy;) at the bottom gate
pushes the whole channel region into accumulation (further
away from depletion). Therefore, a larger bias is required by
the (top) gate to invert the surface, compared to the zero bias
back gate case, and the threshold voltage of the device
increases to a value V. >V,,. Inversely, a positive bias
(+Vg,) at the back gate pushes the channel into depletion
earlier. Thus, a lower voltage at the top gate is required to
invert it, reflecting in a threshold voltage decrease of
V<V

[0053] FIG. 7 is a semilog plot of current vs. voltage
(Ip-Vg) for an NMOS DG-TFT. The DG-TFT assumes a
device with channel geometry W/L=8 uny/1.3 um, a gate
insulator thickness of 50 nanometers (nm), with V=100
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mV, and a back gate bias of 0 V, =2 V (=V,) and +1 V
(=Vpg,). Note, the threshold shift caused by the back gate, as
well as the leakage (OFF) current difference. The left-most
trace depicts a DG-TFT biased for fast charging, while the
right-most trace depicts a DG-TFT biased for storage.

[0054] With these characteristics, a DG-TFT can be
employed as a pixel switching element of a display matrix,
and controlled externally. Depending on the control signal,
the switching characteristics of the pixel can be changed
dynamically, in order to optimize the pixel delay time. This
means that very effective pixel architectures can be con-
structed inexpensively, with a minimum of active compo-
nents.

[0055] FIG. 8 is a schematic representation of a pixel
architecture using a DG-TFT controlled by a back-gate bias
V3. The circuit substitutes a conventional TFT pixel switch-
ing element with a dual gate TFT. Since the operation of the
DG-TFT with zero back-gate bias is ideally identical with
the operation of a conventional TFT, the circuit is equivalent
to a conventional pixel when no gate bias is used.

[0056] The operation of the circuit is as follows. With a
zero back gate bias Vi, and assuming the voltage at the gate
and data lines is high (=Vp), the switching transistor is ON.
The pixel charge time constant TON is a measure of how
long it takes to refresh the voltage (or current) stored at the
pixel, and is approximated as:

2VppLCy, (69)

Ton  ——————
HCoxW(Vpp = Vr?

[0057] A purely capacitive load impedance (Z;=C;) is
assumed, as is often the case. V1 is the device threshold
voltage, and u is the channel mobility. It is advantageous to
decrease this delay time as much as possible. Mathemati-
cally, the most effective way to do this is by affecting the
squared term. The DG-TFT circuit takes advantage of the
fact that V. is controlled by the back gate bias V. Conse-
quently, when the TFT is ON, a positive bias is applied at
V., causing V.. to drop and, thus, reduce Ty

[0058] When the switching TFT is OFF (i.e. the pixel is
not selected to be updated), it is important to retain the stored
current or voltage value for as long as possible. However, no
transistor 1s an ideal switch, and even in its OFF state there
is a finite amount of channel resistance. Therefore, the
voltage (or current) stored in the pixel slowly “leaks”, as the
storage element discharges. This discharge is determined by
the leakage current of the TFT (see FIG. 7). The discharge
time constant T, may be approximated by:

VopCr 2
2orr

Torr ~

[0059] I,pristhe OFF currentofthe TFT. In the OFF case,
it is important to have the minimum leakage current in the
switching TFT, so that Ty, is as large as possible. When the
TFT is OFF, a positive bias is applied at V, causing V to
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increase and, thus, increase the discharge time constant.
Table 1 represents TFT metrics extracted for each Vy bias,
based on the data of FIG. 7.

TABLE 1

TFT characteristics

Vg (V) u (em?/Vs) Vi (V) Lopr (A)
0 289.2 0.96 1.5x 107"
-2 229.0 2.16 40x 107
+1 312.3 0.22 1.0 x 10713
[0060] Based on the values of Table 1 and equations

(1)-(2), the delay times have been calculated for V5=0V
(conventional TFT), for a positive V; (DG-TFT is ON), and
for a negative Vi, (GD-TFT is OFF). The results are shown
in Table 2.

TABLE 2

Assuming V=5V and C; =100fF

Tox (ns) Torr (s)
conventional 4.99 16.6
TET (Vg = 0V)
DG-TFT 3.30 62.5
[0061] The values of Table 2 are presented as an example

of operation. Higher gains are possible by optimizing the
scale of V and proper TFT engineering for V- positioning.

DG-TFT Active-Matrix Scheme

[0062] FIG. 9 is a schematic drawing of an active-matrix
display with bias voltage lines. In contrast to the active
matrix of FIG. 17, the AM of FIG. 9 adds one extra line per
row, to supply a bias voltage to DG-TFTs. The signals
applied in the VB rows, which control the back-gate of the
switching TFTs, relate to the signals in a corresponding
Row. Only the Row currently ON is set for fast charging. All
the other (inactive) Rows are set for low leakage rate.

[0063] FIG. 10 is a schematic diagram depicting the AM
display of FIG. 9, with the addition of voltage shifters. The
triangles represent voltage shifters, which translate the logic
level of the rows (for example, O to 5 V) to the voltage level
for the bottom gate of the DG-TFTs (for example, -2 to +1
V).

[0064] FIG. 11 is a signal diagram of the DG-TFT LCD
pixel architecture of FIG. 3. In contrast to the conventional
LCD pixel of FIGS. 14 and 15, the switching TFT has been
replaced by a DG-TFT, and the pixel is redesigned to
accommodate the back-gate bias line Vbg. This line is
common to all pixels in this row.

[0065] The timing diagram shows that the signals
employed in the conventional implementation (Vdata, Vrl,
V12, etc) are maintained. When Vrl is about to be turned on,
Vbgl turns on to a positive level V,. This causes the
DG-TFT to exhibit a threshold voltage lower than its default,
zero bias case. The lower threshold voltage causes the
channel resistance of the TFT to decrease. Thus, capacitors
Cg and C; . charge at a faster rate, as indicate by the shorter
of the V¢, plot.

trise
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[0066] After the new data is stored in the capacitors, Vrl
turns OFF, and Vbgl reverts to a bias level V,. This bias
causes the TFT to have a much higher threshold voltage than
before, and lower leakage current. Hence, the TFT has a
higher channel resistance and leakage through the channel is
decreased. This is indicated schematically by the lower V.,
in the plot of V.

[0067] The bias levels V| and V, are predetermined, based
on the characteristics of the DG-TFT. In one implementa-
tion, Vbg is obtained from Vr just by appropriate shifting of
the amplitude levels.

[0068] The proposed pixel architecture is advantageous
for high resolution displays, since the leakage time deter-
mines how fast a pixel is refreshed. With lower leakage,
higher resolutions are possible with the same driving scheme
and pixel architecture. The faster pixel charging associated
with a DG-TFT pixel has the advantage of enabling higher
frame rates, while also supporting higher display resolu-
tions, by reducing the size of the storage element Cg, as
compared to the conventional architecture. Since the chan-
nel resistance of the TFT is dynamically decreased, Cg does
not need to be as large as in the conventional architecture, in
order to obtain the same V,_,,. This results in smaller pixel
dimensions.

[0069] FIG. 12 is a flowchart illustrating a method for
controlling a DG-TFT voltage storage circuit. Although the
method is depicted as a sequence of numbered steps for
clarity, the numbering does not necessarily dictate the order
of the steps. It should be understood that some of these steps
may be skipped, performed in parallel, or performed without
the requirement of maintaining a strict order of sequence.
The method starts at Step 1200.

[0070] Step 1202 supplies a circuit with a voltage storage
element, a DG-TFT having a first source/drain (S/D) con-
nected to a data line, a top gate connected to a gate line, a
second S/D region connected to the voltage storage element,
and a bottom gate connected to a bias line. For example, the
voltage storage may be a capacitor, an LC pixel, or an LED
pixel. Step 1206 supplies an OFF voltage to the gate line.
Step 1208 disables current through the DG-TFT to the
voltage storage element in response to the OFF voltage. Step
1210 supplies a first bias voltage to the bias line. Step 1212
decreases the leakage current through the DG-TFT in
response to the first bias voltage. Alternately stated, the
voltage storage element maintains its charge or stored volt-
age (decreases its current leakage) in response to the first
bias voltage.

[0071] In another aspect, Step 1214 supplies an analog
(storage) voltage to the data line. Step 1216 supplies an ON
voltage to the gate line. Step 1218 enables current flow
through the DG-TFT to the voltage storage element. Step
1220 supplies a second bias voltage to the bias line. Step
1222 decreases the threshold voltage of the DG-TFT in
response to the second bias voltage. Alternately stated, the
voltage storage element is charged more quickly, reaches its
storage voltage level, or increases its input charging current
in response to the second bias voltage.

[0072] Inanother aspect, supplying the first bias voltage in
Step 1210 includes converting the gate OFF voltage to the
first bias voltage. Likewise, supplying the second bias
voltage in Step 1220 may include converting the gate ON
voltage to the second bias voltage.
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[0073] A voltage storage circuit has been provided,
enabled through the use of a DG-TFT. Examples of particu-
lar circuit layouts and elements have been presented to
illustrate the invention. Howevet, the invention is not limited
to merely these examples. Other variations and embodi-
ments of the invention will occur to those skilled in the art.

We claim:
1. A dual-gate thin-film transistor (DG-TFT) voltage
storage circuit, the circuit comprising:

a voltage storage element having an input, and an output;
and,

a DG-TFT having a first source/drain (S/D) connected to
a data line, a top gate connected to a first gate line, a
second S/D region connected to the voltage storage
element input, and a bottom gate connected to a bias
line.
2. The circuit of claim 1 wherein the DG-TFT bottom gate
is aligned in a first horizontal plane;

wherein the first S/D region and second S/D region are
aligned in a second horizontal plane, overlying the first
plane;

wherein the top gate aligned in a third horizontal plane,
overlying the second plane; and,

wherein the DG-TFT further comprises:

a channel region in the second horizontal plane, interven-
ing between the first and second S/D regions.
3. The circuit of claim 2 wherein the bottom gate has
vertical sides; and,

the DG-TFT further comprising:

insulating sidewalls over the bottom gate vertical sides;
and,

wherein the first and second S/D regions overlie the
bottom gate, between the bottom gate vertical sides.
4. The circuit of claim 1 further comprising:

a voltage shifter having an input connected to the first gate
line and an output to supply a bias voltage on the bias
line.

5. The circuit of claim 4 wherein the first gate line accepts

an OFF voltage;

wherein the voltage shifter supplies a first bias voltage;
and,

wherein the leakage current through the DG-TFT
decreases in response to the first bias voltage.
6. The circuit of claim 4 wherein the data line accepts an
analog voltage;

wherein the first gate line accepts an ON voltage;

wherein the voltage shifter supplies a second bias voltage;
and,

wherein the voltage threshold of the DG-TFT decreases in

response to the second bias voltage.

7. The circuit of claim 1 wherein the voltage storage
element is selected from the group comprising a capacitor,
a liquid crystal (LC) pixel, and a light emitting diode (LED)
pixel.

8. The circuit of claim 1 wherein the voltage storage
element is an LC pixel comprising:
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an LC element having a first terminal connected to the
DG-TFT second S/D region, and a second terminal
connected to a reference voltage; and,

a storage capacitor having a first terminal connected to the
DG-TFT second S/D region, and a second terminal
connected to a second gate line, adjacent the first gate
line.

9. The circuit of claim 7 wherein the voltage storage

element is an LED pixel comprising:

a storage capacitor having a first terminal connected to the
DG-TFT second S/D region, and a second terminal
connected to a dc voltage line;

a current source having a current input connected to the dc
voltage line, a control input connected to the DG-TFT
second S/D region, and a current output; and,

an LED having an input connected to the current source
current output, and an output connected to a reference
voltage.
10. A dual-gate thin-film transistor (DG-TFT) voltage
storage matrix, the matrix comprising:

a first plurality of data lines;
a second plurality of gate lines;

a second plurality of bias lines, each bias line being
associated with a corresponding gate line; and,

a third plurality of DG-TFT voltage storage circuits, with
a unique circuit intervening between each data line and
each gate line, each circuit comprising;

a voltage storage element having an input, and an
output; and,

a DG-TFT having a first source/drain (S/D) connected
to a data line, a top gate connected to a gate line, a
second S/D region connected to the voltage storage
element input, and a bottom gate connected to a bias
line.
11. The matrix of claim 10 wherein the DG-TFT bottom
gate is aligned in a first horizontal plane;

wherein the first S/D region and second S/D region are
aligned in a second horizontal plane, overlying the first
plane;

wherein the top gate aligned in a third horizontal plane,
overlying the second plane; and,

wherein the DG-TFT further comprises:

a channel region in the second horizontal plane, interven-
ing between the first and second S/D regions.
12. The matrix of claim 11 wherein the bottom gate has
vertical sides; and,

the DG-TFT further comprising:

insulating sidewalls over the bottom gate vertical sides;
and,

wherein the first and second S/D regions overlie the
bottom gate, between the bottom gate vertical sides.
13. The matrix of claim 10 further comprising:

a second plurality of voltage shifters, each voltage shifter
having an input connected to a gate line and an output
to supply a bias voltage on a corresponding bias line.
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14. The matrix of claim 13 wherein a first gate line accepts
an OFF voltage;

wherein a first voltage shifter, connected to the first gate
line, supplies a first bias voltage; and,

wherein the leakage current through a first DG-TFT,
connected to the first data line and the first gate line,
decreases in response to the first bias voltage.
15. The matrix of claim 13 wherein a first data line accepts
an analog voltage;

wherein a first gate line accepts an ON voltage;

wherein a first voltage shifter, connected to the first gate
line, supplies a second bias voltage; and,

wherein the threshold voltage of a first DG-TFT, con-
nected to the first data line and the first gate line,
decreases in response to the second bias voltage.

16. The matrix of claim 10 wherein the voltage storage
element is selected from the group including a capacitor, a
liquid crystal (LC) pixel, and a light emitting diode (LED)
pixel.

17. The matrix of claim 10 wherein the matrix is an LC
display (LCD);

wherein the voltage storage element is an LC pixel
comprising:

an LC element having a first terminal connected to the
DG-TFT second S/D region, and a second terminal
connected to a reference voltage; and,

a storage capacitor having a first terminal connected to
the DG-TFT second S/D region, and a second ter-
minal connected to a gate line, adjacent the DG-TFT
gate line.

18. The matrix of claim 10 wherein the matrix is an LED
display; and,

wherein the voltage storage element is an LED pixel
comprising:

a storage capacitor having a first terminal connected to
the DG-TFT second S/D region, and a second ter-
minal connected to a dc voltage line;

a current source having a current input connected to the
dc voltage line, a control input connected to the
DG-TFT second S/D region, and a current output;
and,

an LED having an input connected to the current source
current output, and an output connected to a refer-
ence voltage.
19. A method for controlling a dual-gate thin-film tran-
sistor (DG-TFT) voltage storage circuit, the method com-
prising:

supplving a circuit with a voltage storage element, a
DG-TFT having a first source/drain (S/D) connected to
a data line, a top gate connected to a gate line, a second
S/D region connected to the voltage storage element,
and a bottom gate connected to a bias line;

supplving an OFF voltage to the gate line;

in response to the OFF voltage, disabling current through
the DG-TFT to the voltage storage element;

supplying a first bias voltage to the bias line; and,
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decreasing the leakage current through the DG-TFT in
response to the first bias voltage.
20. The method of claim 19 further comprising:

supplying an analog voltage to the data line;
supplying an ON voltage to the gate line;

enabling current flow through the DG-TFT to the voltage
storage element;

supplying a second bias voltage to the bias line; and,

decreasing the threshold voltage of the DG-TFT in
response to the second bias voltage.
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21. The method of claim 20 wherein supplying the first
bias voltage includes converting the gate OFF voltage to the
first bias voltage; and,

wherein supplying the second bias voltage includes con-

verting the gate ON voltage to the second bias voltage.

22. The method of claim 19 wherein supplying the circuit

with the voltage storage element includes supplying a volt-

age storage element selected from the group comprising a

capacitor, a liquid crystal (LC) pixel, and a light emitting
diode (LED) pixel.



THMBW(EF)

[ i (S RIR) A ()

patsnap

XA & A4 E B R ER

US20060066512A1 [ (r&)B 2006-03-30
US11/184699 FER 2005-07-18
EEXEXRE

(BRI AGE) AMERICA , INCEE®H=E.
LR EHE(ERR)AGE) BB L
[ﬁ\]?{iﬁﬂk AFENTAKIS THEMISTOKLES

VOUTSAS APOSTOLOS T

SCHUELE PAUL J
KA AFENTAKIS, THEMISTOKLES

VOUTSAS, APOSTOLOS T.

SCHUELE, PAUL J.
IPCo kS G09G3/20
CPCH S G09G3/20 G09G3/3208 HO1L29/78648 G09G2300/08 G09G2310/0262 G09G3/3659
H {0 FF STk US7532187
SNERaE Espacenet USPTO
HE() 16 /10
1Bt — RRHHR SIS A (DGTFT ) SE RGN, ZEBQEEE —A /__ GATELINE
BT | DGTFT , HEAEESIREMNE —FH/RR (S/D) | [
SRS — MRS (O TREM AR, | e E B A B9 =S / DXL i - GGEE
AEEHRESOEM, £ 5, RRBTARLEBOE HA N L (o4 [VOUTAGE] 105
BEEIE—MREANAANATERES LRHFESENH L, @ 0] [SD|/ |STORAGE VOLTAGE
EEMTANTHSEEESR RS (LC) BENAKLRE (LED) 10| |18 [ |ELEVENT SHEER
&%, 112+ 102 leg

GATE REFERENCE
120 VOUTAGE
DG-TFT
__f'\

\
BIAS LINE A


https://share-analytics.zhihuiya.com/view/6375b4f9-d12d-4b08-a343-2edd775f86b4
https://worldwide.espacenet.com/patent/search/family/046322279/publication/US2006066512A1?q=US2006066512A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060066512%22.PGNR.&OS=DN/20060066512&RS=DN/20060066512

