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CHARGE-SHARING PATH CONTROL
DEVICE FOR A SCAN DRIVER OF AN LCD
PANEL

FIELD OF THE INVENTION

[0001] The present invention relates in general to LCD
panels with reduced power dissipation, and in particular, to a
bidirectional single path charge sharing switching device in a
scan driver configured to scan numerous channels (gate lines)
in sequence with reduced power dissipation.

BACKGROUND OF THE INVENTION

[0002] In current display panels, the scanning frequency is
ever increasing to support high definition image frame rates,
especially for 3D image visualization, where the frame rate is
double compared to the equivalent 2D visualization. With this
trend, power dissipation, which is also tied to the size of the
displays, is a serious concern. As a result, scan driver design
is becoming more and more challenging.

[0003] Charge sharing techniques have been developed,
and are being implemented by major panel manufacturers.
The charge sharing method reuses (recycles) part of the elec-
trical charge accumulated in the activated, commonly buff-
ered, channel or gate line being turned offto assist in charging
the next channel or gate line to be activated. If properly
implemented, the charge sharing may procure a significant
energy saving.

[0004] U.S. Pat. No. 7,750,715 discloses a method for gen-
erating a first clock signal in a first signal path in response to
a first input signal, and a second clock signal in a second
signal path in response to a second input signal. The first and
second lock signals assume first and second clock levels to
transfer electrical charges from an ancillary charge storage
component to one and to the other output, respectively, to
reduce power dissipation when performing a multichannel
scanning, as in an LCD display.

[0005] Implementation of a charge sharing function to
reduce power dissipation is also disclosed in data sheets of
commercial devices TPS 65191 and TPS 65193, as provided
by Texas Instruments. The charge sharing function is limited
to a sharing between complementary outputs, and availability
of relatively high voltage zener diodes in the silicon fabrica-
tion technology is required.

[0006] U.S. Published Patent Application No. 2010/
0109995 discloses a gate driving device used in an LCD
display. The gate driving device includes a plurality of gate
lines, with each gate line including a plurality of output
stages, a couple of complementary switches and a control
module. The gate driving device implements a charge sharing
function to reduce power consumption. The approach is not
applicable to GOA panels because of the relatively high volt-
age rails required with this LCD technology for correct driv-
ing of the gate lines. Even a hypothetical implementation of
the disclosed circuits with high voltage MOSFETs would not
work because of the presence of an intrinsic diode between
the source and drain that could provide an undesirable dis-
charge path to the channels during a charge sharing phase.
Charge sharing is implemented only between adjacent chan-
nels.

[0007] Ideally, implementations of a charge sharing func-
tion in a scan driver device for a multichannel LCD panel
should be possible even if the fabrication process technology
does not contemplate the possibility of integrating relatively
high voltage diodes, and yet support high voltage operated
LCD panels (GOA panels). Moreover, for enhanced flexibil-
ity of use, it should be possible to share part of the channel
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activation charge among any couple of channels to be sequen-
tially activated, not necessarily adjacent, and to support the
use of an external capacitor as an ancillary charge storage
element.

SUMMARY OF THE INVENTION

[0008] All the above remarked desirable features and capa-
bilities of charge sharing implementing circuits in a scan
driver for multichannel LCD panels are achieved with a single
path bidirectional switch instead of implementing two dis-
tinct charge paths as in prior art devices.

[0009] Basically, a bidirectional switch may comprise a
pair of transistors having the same characteristics, with each
transistor including a source connected via a degeneration
resistance to a common source control node, a gate connected
to acommon gate control node, a drain connected to a respec-
tive channel or gate line and to a charge storage node, respec-
tively, and a clamp diode connected between the source and
the gate. This forms the single charge transfer path.

[0010] A charge transfer control circuit may comprise first
and second latches, each controlled by a control logic circuit
receiving input signals from the timing control circuit of the
scan driver. The latches may have an output node connected to
the common gate control node and to the common source
control node, respectively, of the bidirectional switch for
tying both control nodes to the lowest voltage rail for dis-
abling the charge-sharing path during off periods and for
pulling up both control nodes during a turn-off or a turn-on
phase of the channel or gate line coupled to the drain of at least
one of the transistors forming the bidirectional switch.
[0011] With the bidirectional switch forming a single con-
trolled charge transfer path, a charge may be efficiently and
safely transferred in either direction. For example, a charge
may be transferred from a charged channel or gate line being
turned off after having been activated by the scan driver, to a
charge storage node that may be an adjacent channel coupled
to the other end of the bidirectional two-transistor switch or
any other sort of charge storing capacitance, and vice-versa,
from the charge storage node to any other channel or gate line
being turned on by the scan driver.

[0012] In either direction, the charge transfer current may
flow through one of the transistors and through the source-
drain parasitic diode of the other transistor. Clamp diodes,
connected between the gate and source of each transistor, may
protect the gate-oxide by limiting the overvoltage peak during
the turn-on transient.

[0013] The source degenerating resistance may limit the
current peak in the charge sharing path to avoid turning on
parasitic PNP transistors that could form between the source
region and the silicon substrate, as known to one skilled in the
art, thus preserving efficiency of the charge recycling process.
The rate of charge transfer may be set by choosing the degen-
eration resistance value.

[0014] The latched structure of the charge transfer control
circuit may have an additional advantage of sensibly reducing
the biasing current necessary for ensuring an appropriate
duration of the charge transfer phase for a full charge sharing,
compared to a non-latched switching structure.

[0015] The invention is clearly defined in the annexed
claims, the content of which is intended to be part of this
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 illustrates two alternative modes of imple-
menting a charge sharing function among distinct scan chan-
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nels, sequentially activated by a scan driver of an LCD panel
according to an embodiment of the present invention.
[0017] FIG. 2 is abasic illustration of a single bidirectional
charge sharing path according to an embodiment of the
present invention.

[0018] FIG. 3 is a basic circuit diagram of the bidirectional
switch and of the related controlled driving circuit according
to an embodiment of the present invention.

[0019] FIG. 4 shows the waveforms of a charge sharing
function implemented with the bidirectional single path
charge sharing switch according to mode A of FIG. 1.
[0020] FIG. 5 shows the waveforms of a charge sharing
function implemented with the bidirectional single path
charge sharing switch according to mode B of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0021] The basic functional block diagrams of FIG. 1 rep-
resent the same level-shifter-output-buffer block diagram of a
scan driver for an LCD panel, including functional circuitry,
depicted by the shaded blocks, for implementing a charge
sharing function according to two different operating modes.
[0022] According to a Mode A implementation, charge
sharing occurs between adjacent scan channels sequentially
activated by the scan driver. According to the Mode B imple-
mentation, charge sharing occurs through a charge storage
node QS. This is other than a total capacitance associated with
an adjacent channel, which is typically an externally con-
nected capacitor. The bidirectional single path charge sharing
device supports both modes of implementation of the charge
sharing function.

[0023] FIG. 2 is a basic illustration of an exemplary
embodiment of a bidirectional switch used in the bidirec-
tional single path charge sharing device as discussed herein.
According to this embodiment, the bidirectional switch,
forming a bidirectional single charge transfer path, includes a
pair of NMOS transistors having identical characteristics.
Each transistor includes a source connected via a degenera-
tion resistance to a common source control node, a gate
connected to a common gate control node, a drain connected
to arespective channel or to a charge storage node QS, respec-
tively, and a clamp diode connected between the source and
the gate.

[0024] The clamp diode connected between the gate and
the source of each transistor protects the NMOS gate-oxide
by limiting the voltage peak during turn-on transients. The
source resistances limit the peak current flowing in the bidi-
rectional charge transfer path to avoid the possible turn-on of
parasitic PNP transistors that may form between the source
region and the substrate of the integrated structure of the
NMOS transistors, thus safeguarding the efficiency of the
charge recycling process.

[0025] FIG. 3 shows the circuit diagram of the bidirectional
switch and of the controlled driving circuit of the two-tran-
sistor switch. The controlled driving circuit depicted in the
contoured box comprises first and second latches. Each latch
is controlled by a control logic circuit receiving input signals
from the timing control circuit of the scan driver.

[0026] The latches have an output node connected to the
common gate control node and to the common source control
node, respectively, of the bidirectional switch. This is for
tying both control nodes to the lowest voltage rail for dis-
abling the charge-sharing path during off periods and for
pulling up both control nodes during a turn-off or a turn-on
phase of the channel or gate line coupled to the drain of at least
one of the transistors forming the bidirectional switch.
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[0027] Reference numbers have not been introduced in the
drawings so as not to interfere with the observation of the
depicted circuits and components, the symbolic representa-
tion of which makes them immediately recognizable by one
skilled in the art.

[0028] FIG. 4 shows the waveforms during a turning off
phase of one channel and a turning on phase of the other of a
charge sharing function implemented with the bidirectional
single path charge sharing switch according to mode A of
FIG. 1. Adjacent channels CKH4 and CKHS5, and succes-
sively CKH5 and CKHS6 in the plot, directly share the charge
during a turning off phase of one and turning on phase of the
other, without using any ancillary charge storage component.
The recycling of part of the electrical charge of activation of
a scan channel to assist in charging the next channel to be
activated by the scan driver takes place in just a single phase.
[0029] FIG. 5 shows the waveforms of a charge sharing
function implemented with the bidirectional single path
charge sharing switch according to mode B of FIG. 1. Any
pair of channels in this mode, CKH4 and CKHS in the plot,
but which may not even be consecutive, share the charge
during a charge sharing time frame in two steps (two phases)
that include a turning off phase of one and a turning on phase
of'the other, via an ancillary charge storing capacitance. This
may typically be an externally connected capacitor, accord-
ing to the charge sharing circuit depicted in the scheme of
FIG. 1 relative to the mode B alternative.

1-6. (canceled)

7. A charge-sharing path control device for a scan driver for
use in an LCD panel with a plurality of sequentially activated
channels, comprising:

a bidirectional switch defining a single charge transfer path
and comprising a pair of transistors, with each transistor
comprising
a degeneration resistance,

a common source control node,

a source connected, via said degeneration resistance, to
said common source control node,

a common gate control node,

a gate connected to said common gate control node,

a drain to be coupled to a respective one of the activated
channels and to be coupled to a charge storage node,
respectively, and

a clamp diode connected between said source and said
gate; and

a charge transfer having an output connected to said com-
mon gate control node and to said common source con-
trol node, respectively, of said bidirectional switch for
tying both control nodes to a low voltage supply for
disabling the charge-sharing path during off periods and
for pulling up both control nodes during a turn-off or a
turn-on phase of the activated channel.

8. The charge-sharing path control device of claim 7,
wherein said charge transfer control circuit comprises first
and second latches, and a control logic circuit coupled
thereto, with each latch being controlled by said control logic
circuit and having an output connected to said common gate
control node and to said common source control node, respec-
tively, of said bidirectional switch.

9. The charge-sharing path control device of claim 7,
wherein said charge storage node comprises a channel adja-
cent to the one connected to said drain of the other transistor
of said bidirectional switch.

10. The charge-sharing path control device of claim 7,
wherein the charge storage node comprises a pad to be con-
nected to an external capacitor.
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11. The charge-sharing path control device of claim 7,
wherein each transistor comprises an N-type MOSFET.

12. A scan driver for an LCD panel comprising:

aplurality of output buffers configured to output a plurality

of gate signals to a plurality of respective gate lines to be
sequentially activated, with each output buffer compris-
ing

a charge-sharing path control device comprising

a bidirectional switch defining a single charge transfer
path and comprising a pair of transistors, with each
transistor comprising

a degeneration resistance,

a common source control node,

a source connected, via said degeneration resistance,
to said common source control node,

a common gate control node,

a gate connected to said common gate control node,

a charge storage node,

a drain coupled to a respective one of the activated
channels and coupled to said charge storage node,
respectively,

a clamp diode connected between said source and said
gate; and

with each bidirectional switch in said charge-sharing
path control device being coupled between adjacent
gate lines adapted to transfer charge from a line being
turned off to the other line being turned on; and

a charge transfer having an output connected to said com-

mon gate control node and to said common source con-
trol node, respectively, of said bidirectional switch for
tying both control nodes to a low voltage supply for
disabling the charge-sharing path during off periods and
for pulling up both control nodes during a turn-off or a
turn-on phase of the activated channel.

13. The scan driver of claim 12, wherein said charge trans-
fer control circuit comprises first and second latches, and a
control logic circuit coupled thereto, with each latch being
controlled by said control logic circuit and having an output
connected to said common gate control node and to said
common source control node, respectively, of said bidirec-
tional switch.

14. The scan driver of claim 12, wherein each transistor
comprises an N-type MOSFET.

15. A scan driver for an LCD panel comprising:

aplurality of output buffers configured to output a plurality

of gate signals to a plurality of respective gate lines to be
sequentially activated, with each output buffer compris-
ing

a charge-sharing path comprising

a bidirectional switch defining a single charge transfer
path and comprising a pair of transistors, with each
transistor comprising

a degeneration resistance,

a common source control node,

a source connected, via said degeneration resistance,
to said common source control node,

a common gate control node,

a gate connected to said common gate control node,

a charge storage node,

a drain coupled to a respective one of the activated
channels and to said charge storage node, respec-
tively,

a clamp diode connected between said source and said
gate; and
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with said charge storage node comprising a pad to be
connected to an external capacitor; and

a charge transfer having an output connected to said
common gate control node and to said common
source control node, respectively, of said bidirec-
tional switch for tying both control nodes to a low
voltage supply for disabling the charge-sharing path
during off periods and for pulling up both control
nodes during a turn-off or a turn-on phase of the
activated channel.

16. The scan driver of claim 15, wherein said charge trans-
fer control circuit comprises first and second latches, and a
control logic circuit coupled thereto, with each latch being
controlled by said control logic circuit and having an output
connected to said common gate control node and to said
common source control node, respectively, of said bidirec-
tional switch.

17. The scan driver of claim 15, wherein each transistor
comprises an N-type MOSFET.

18. A method for making a charge-sharing path control
device for a scan driver for use in an LCD panel with a
plurality of sequentially activated channels, the method com-
prising:

providing a bidirectional switch to define a single charge

transfer path, with the bidirectional switch comprising a
pair of transistors, and with each transistor comprising

a degeneration resistance,
a common source control node,

a source connected, via the degeneration resistance, to
the common source control node,

a common gate control node,
a gate connected to the common gate control node,

a drain to be coupled to a respective one of the activated
channels and to be coupled to a charge storage node,
respectively, and

a clamp diode connected between the source and the
gate; and

providing a charge transfer having an output connected to
the common gate control node and to the common
source control node, respectively, of the bidirectional
switch for tying both control nodes to a low voltage
supply for disabling the charge-sharing path during off
periods and for pulling up both control nodes during a
turn-off or a turn-on phase of the activated channel.

19. The method of claim 18, wherein the charge transfer
control circuit comprises first and second latches, and a con-
trol logic circuit coupled thereto, with each latch being con-
trolled by the control logic circuit and having an output con-
nected to the common gate control node and to the common
source control node, respectively, of the bidirectional switch.

20. The method of claim 18, wherein the charge storage
node comprises a channel adjacent to the one connected to the
drain of the other transistor of the bidirectional switch.

21. The method of claim 18, wherein the charge storage
node comprises a pad to be connected to an external capacitor.

22. The method of claim 18, wherein each transistor com-
prises an N-type MOSFET.



THMBW(EF)

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

LL-EEPN

RBA

IPCH %S
CPCH(S
£ AR

H AT 3R
ShEREESE

BEG®)

RNEAFXRBE-NREE , SMBFEEEETRICEEERT QLR
R RBFR | EERE L SRR R BT QAR | E RN A ES
MR B RAR | LA BAAF T QM ZRE o B E T IRAR AR AR
ZIB. XFH T EHLCDEHR A9 4 3K 3 23 I 7 0% By Al 4k 2 B By A
BEEEEE  AXATATREDENRBFAZER,

ATLCOEARM A HI B 2/ B H R HIRE

US20130027283A1 NI (»&E)B

US13/560298 RiEHR

Cristaudo DOMENICO
RIHBSTEFANO
SUERI STEFANO

CRISTAUDO , DOMENICO
RlHIE , STEFANO
SUERI , STEFANO

STMICROELECTRONICS S.R.L

CRISTAUDO DOMENICO
CORRADI STEFANO
SUERI STEFANO

CRISTAUDO, DOMENICO
CORRADI, STEFANO
SUERI, STEFANO

G09G3/36 HO1H11/00

G09G2330/023 Y10T29/49105 G09G3/3674
102011901968433 2011-07-29 IT
usS8878758

Espacenet USPTO

CONTROL
LOGIC

CONTROL
EOGIC

2013-01-31

2012-07-27

(B
SR

patsnap

CONTROL
LOGIC

(B
SHIFTER

P
—iH
W e

-4 {F
_i‘ e

LOGIC



https://share-analytics.zhihuiya.com/view/45088b5d-c1af-4326-8b90-0086f9ca00be
https://worldwide.espacenet.com/patent/search/family/044653438/publication/US2013027283A1?q=US2013027283A1
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=%2220130027283%22.PGNR.&OS=DN/20130027283&RS=DN/20130027283

