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LOW VOLTAGE DRIVER FOR HIGH
VOLTAGE LCD

RELATED APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 11/904,931 filed Sep. 28, 2007, which claims
benefit of and prionty to U.S. Provisional Application Ser.
No. 60/848.,908 filed Oct. 3, 2006, both of which are incor-

porated herein by this reference.

FIELD OF THE INVENTION

[0002] This ivention relates to a low voltage driver for a
high voltage LCD.

BACKGROUND OF THE INVENTION

[0003] Twisted Nematic (TIN) type or Super Twisted Nem-
atic (STN) type liquid crystal displays (LLCDs) are the types of
displays used in watches and other common low cost mono-
chromatic displays like energy meters. These displays are
described as root mean square (RMS) responsive meaning the
behavior 1s a function of the RMS voltage applied. The fun-
damental affect on the light 1s to rotate polarized light as 1t
passes through the liquid crystal fluid. The amount of twist 1s
controlled by the RMS voltage applied. For twisted nematic
LCDs the driver a.c. segment wavelforms are constructed by
predetermined timed combinations of voltage levels of e.g.
half bias GND: %2:1 or one third bias GND: V3:24:1. Typically
LCD drivers have been essentially multiplexers that switch an
output pin connected to an LCD display between several
analog voltage levels. These voltages are typically con-
strained to be at or below the power supply voltage of the
device. The contrast on these LCDs panels depends on the
RMS voltage of the wavetorms applied to the pins. A 5V
supply seems to be a lower level that the LCD manufacturers
can design displays for with reasonable display layout com-
plexity and cost. For CMOS processes with feature size less
than 0.25 um, 5V tolerant devices are not available for normal
digital processes, and one would have to avail of the expen-
stve SV tolerant option to drive these panels. For the normal
digital process the supply voltage 1s typically less than 3.6V
and hence the amplitude of the output wavetorms are limited
by this voltage. This would imply that for certain LCD panels
the RMS voltages seen by the panel might not be large enough
for good contrast across the temperature range dictated by the
application (—40 C-85 C). Since the required. RMS voltage,
for reasonable contrast, increases with decreasing tempera-
ture, even for 3-3.6V LCD panels the RMS voltage might not
be enough for proper contrast at cold temperatures, 11 driven
from a 3.6V supply.

BRIEF SUMMARY OF THE INVENTION

[0004] It 1s therefore an object of this invention to provide
a new and improved low voltage driver for a higher voltage
LCD.

[0005] Itis afurther object of this invention to provide such
a low voltage driver for a higher voltage LCD which can
employ low voltage drivers to provide high voltage operation.
[0006] Itis afurther object of this invention to provide such
a low voltage driver for a higher voltage LCD which 1s less
expensive, and requires less chip area and less power.
[0007] The mvention results from the realization that an
improved low voltage driver for a high voltage LCD can be
achieved with an 1mput transistor switching circuit having at
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least one switch for each LCD drive bias voltage for selecting
one of those bias voltages; an output transistor switching
circuit responsive to the input switching circuit for applying
the selected one of the bias voltages to an LCD drive voltage
terminal; a level shifter for providing the counterpart switch-
ing voltages for the plurality of bias voltages and a logic
circuit for enabling the first transistor switching circuit to
select a one of the bias voltages and applying a set of coun-
terpart switching voltages to the input and output transistor
switching circuits for connecting the selected one of the bias
voltages to the output terminal and applying a set of switching
voltages to the mput and output switching circuits which limit
the voltage across the transistor junctions in the switching
circuits to less than the predetermined breakdown voltage.
[0008] The subject mnvention, however, 1n other embodi-
ments, need not achueve all these objectives and the claims
hereot should not be limited to structures or methods capable
of achueving these objectives.

[0009] This mvention features a low voltage driver for a
higher voltage LCD including a plurality of LCD drive bias
voltages nput terminals and an LCD drive voltage output
terminal. An input transistor switching circuit has at least one
switch for each LCD drnive bias voltage for selecting one of
the bias voltages and an output transistor switching circuit 1s
responsive to the input transistor switching circuit, for apply-
ing the selected one of the bias voltages to the LCD drive
voltage output terminal. The transistors of the switching cir-
cuits have a predetermined breakdown voltage. A level shifter
provides switching voltages counterpart to the plurality of
bias voltages and a logic circuit enables the first transistor
switching circuit to select a one of the bias voltages and
applying a set of counterpart switching voltages to the iput
and output transistor switching circuits for connecting the
selected one of the bias voltages to the output terminal and
applying a set of switching voltages to the mput and output
switching circuits which limit the voltage across the transistor
junctions 1n the switching circuit to less than the predeter-
mined breakdown voltage.

[0010] In a preferred embodiment the level shifter may
include a PMOS switch, an NMOS switch and a clamp circuit
for clamping the PMOS switch gates above ground. The
clamp circuit may be active clamp. The PMOS switch may be
cross coupled to the NMOS switch. The mput switching
circuit may include at least a first input transistor switch for
cach bias voltage mput terminal. The output switching circuit
may include at least a first output transistor switch for each
pair of first input transistor switches. At least a first pair of first
input transistor switches may be PMOS transistors and there
may be a blocking transistor 1n series with each of the first
input PMOS transistor switches for enabling start-up with the
bias voltages below a preset voltage. The counterpart switch-
ing voltages may be approximately equal to the bias voltages.
There may be a monitor satety mode circuit for determining
whether the driver should be 1n the higher voltage protected
mode or the unprotected mode.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] Other objects, features and advantages will occur to
those skilled 1n the art from the following description of a
preferred embodiment and the accompanying drawings, in
which:

[0012] FIG. 1 1s a schematic block diagram of an LCD and
associated LCD drivers according to this invention;
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[0013] FIG. 2 1s a more detailed schematic diagram of one
embodiment of the LCD driver of FIG. 1;

[0014] FIG. 2A 1s amore detailed diagram of the Ve moni-
tor/satety mode circuit of FIG. 2;

[0015] FIG. 3 1s a more detailed schematic diagram of
another embodiment of the LCD driver of FIG. 1;

[0016] FIG. 4 1s a schematic diagram of a prior art level
shifter:
[0017] FIG.S1saschematic block diagram of alevel shifter

according to this mvention; and
[0018] FIG. 6 1s a schematic diagram of the level shifter of

FIG. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Aside from the preferred embodiment or embodi-
ments disclosed below, this invention 1s capable of other
embodiments and of being practiced or being carried out 1n
various ways. Thus, 1t 1s to be understood that the invention 1s
riot limited 1n 1ts application to the details of construction and
the arrangements of components set forth in the following
description or illustrated 1n the drawings. If only one embodi-
ment 1s described herein, the claims hereof are not to be
limited to that embodiment. Moreover, the claims hereof are
not to beread restrictively unless there 1s clear and convincing,
evidence manifesting a certain exclusion, restriction, or dis-
claimer.

[0020] Therei1s shownin FIG. 1 an LCD 10 including LCD
panel 12 with common contacts 14 and segment contacts 16
and a number of LCD drivers 20, 20a, 2054 . . . 20n, each of
which provides a drive signal on its associated output 22, 22a,
22b . ..22nrto a one of the common contacts 14 and segment
contacts 16.

[0021] FEach dniver exemplified by driver 20, FIG. 2,
according to this mvention, includes combination logic for
the drivers 1n driver circuit 24 and a level shifter circuit 26.

[evel shifter circuit 26 contains a level shifter for each tran-
sistor switch 40, 42, 44, 46, 48, and 50. There are a plurality

ol bias voltage input terminals V ~28;V;30;V ,32; and GND
34. Also included 1s an nput transistor switching circuit 36
and output transistor switching circuit 38. Bias voltages V .,
V., V ., and GND may be supplied from an external source or
may be provided by an on-chip charge pump. Level shifter
circuit 26 also may provide counterpart switching voltages
V ., V,, V_1f desired. These are counterparts of the bias
voltages V-, V5, V , and can be derived directly therefrom.
Level shifter circuit 26 also includes V, , generator 27, which
may be simply a comparator that compares the power supply
voltage V ., with the counterpart switching voltage V, and
provides the greater of the two as the voltage V, , so that level
shifter circuit 26 provides V_, V,,, V_, and gnd. The V¢
monitor/satety mode circuit 29 1s used to determine whether
the LCD driver should be in the higher voltage protected
mode or not. The module 1s put into the “protected” mode 11
the value of V¢ 1s more than a predetermined threshold volt-
age. This mode ensures that none of the transistors have aVgs
and Vgd more than a predetermined voltage under all condi-
tions to ensure long term reliability. For this mode to work
special protection circuits are enabled 1n the level shifter
circuits and these only work for V¢ voltages more than a
certain value due to headroom issues. For operation for V¢
voltages less than that value the special circuits 1n the level
shifter circuits 26 are turned off such that headroom 1s not an
1ssue anymore and the LCD functions like any other normal
logic and 1s said to perform in the “non-protected” mode. V¢

Sep. 19, 2013

monitor/safety mode circuit 29, FIG. 2A, includes latch 31,
circuit source 33 and threshold circuits 35, 37, 39. If the
difference between V ~and V , 1s less than a threshold voltage
then node 1 1s digital low, driven to ground by Iref, and the
module works in the non-protected mode. This threshold
voltage 1s set by the sizes of transistors 35 and 37. It V . 1s
more than V , by a threshold voltage then current starts flow-
ing through the upper leg. The value of this current depends
on the difference betweenV , and V - and when that current 1s
greater than Iref then node 1 1s a digital high. This value
captured by latch 31 and in this situation the module 1s run 1n
the “protected” mode. Input transistor switching circuit 36
may include at least one switch 40, 42, 44, 46 for each bias
voltage at each bias voltage input terminal V- 28; V, 30;V ,
32; and GND 34, respectively. Output transistor switching
circuit 38 may include a switching circuit associated with
cach of the switching circuits 40, 42, 44, 46 of input transistor
switching circuit 36, or as shown 1n the embodiment of FIG.
2, there may be but one switch 48, 50 associated with each
pair of switches 40, 42, 44, 46 and input transistor switching
circuit 36. There may also be limiting resistors 32, 54.
Switches 40, 42, 48 are implemented in FIG. 2 with PMOS
transistors as shown with their back gates connected to the
one of the source or drains which 1s the higher voltage.
Switches 44, 46, and 50 1n contrast are NMOS transistors
whose back gates are connected either to ground or to the
lower voltage one of the drain and source as shown. PMOS
transistors are maintained in the off condition when the gate
voltage 1s equal to or higher than the source voltage, other-
wise they are on. NMOS transistors 1n contrast are on when
the gate voltage 1s equal to or higher than the source voltage
otherwise they are off.

[0022] In operation logic circuit 24 performs one function
as 1n the prior art, that of constructing the AC segment wave
torms for the LCD by constructing predetermined timed com-
binations of voltage levels, e.g. half bias or one third bias
using combinations oI V ~, V5, V ., GND. But in accordance
with this mvention it also directs the level shifters in level
shifter circuit 26 to provide the counterpart switching volt-
agesV_,V,,V ., and gnd of PMOS transistors 40, 42, and 48
and NMOS transistors 44, 46, and 50 in combinations that
both turn them on and off appropriately to obtain the correct
sequence of voltages at output terminal 22 and also apply the
gating voltages in such a way that the breakdown voltage of
the transistors 1s never exceeded. For example, with a 3.3
voltage CMOS process transistors have a breakdown voltage
of around 4 volts and so that voltage can never be exceeded
across any junction of the transistors.

[0023] In order to operate the LCD with an LCD drive
voltage on LCD output terminal 22 of 5.5 volts, for example,
using PMOS and CMOS transistors made with a common,
less expensive 3.3 volt process 1n accordance with this mven-
tion, the gates of each of the transistors 40-50 1s operated to
turn off or turn on the associated transistor without exceeding
a sale, for example, 4 volt breakdown voltage across any
junction. Since the value of the voltage Vc 1s large and
exceeds the breakdown voltage the LCD module 1s operated
in the protected mode. For example, supposing 1t 1s selected to
provide bias voltage, Vc 28 to output termunal 22, this
requires that PMOS transistor 40 be turned on and also tran-
sistor 48. In this example V ,, V, and V ., are, for example, 2
volts, 4 volts, and 6 volts. If then V. at 28 is called to be
applied to the output terminal 22, transistor 40 must be turned
on by a voltage at 1ts gate. Typically that could be ground but
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that would produce a 6 volt drop from source to drain which
would exceed the breakdown voltage, so 1nstead that gate 1s
provided with V _, 2 volts. Now transistor 48 must also be on
but since there are 6 volts at its source it could not tolerate a
ground on 1ts gate to turn 1t on either and so 'V _, 1s also applied
there. Nominally 6 volts now appears at terminal 22, this
means that there 1s approximately 6 volts on transistor 30.
Since this 1s an NMOS transistor, ground on its gate would
keep 1t off. But 1n this case in order to protect the junction a
voltage Va 1s applied to the gate and transistor 44 1s turned on
such that the source of transistor 50 has Va applied to it. In
essence the transistor 50 1s turned off by applying Va to 1ts
gate and thus Vgs equal to OV. In this way logic circuit 24
according to this mnvention operates level shifter circuit 26 to
provide the proper on/off command to the various transistors
yet uses gate voltage levels which will prevent the breakdown
voltage from being exceeded.

[0024] A chart showing state of the different transistors
while 1n protected mode, 1s shown 1n Table 1.
TABLE 1

40 42 48 44 46 50 60 62
V~0n On Off On  On Ooff Off On  Off

Vﬂ V:‘: Vﬂ VE}I glld Vﬁl Vﬂ Vﬂfd
Vz On Off On On On Off Off Off On

Vr: Vﬁl Vﬂ VE}I glld Vﬁl Vdd Vﬁl
V ,On Off On Off On Off On Off On

V. V, Ve Vi gnd 'V, Vi Vg
GND On Off On Off Off On On Off On

V. V, Vpr gnd Vo Vi Vi Vg
[0025] The first six items 1n the top line 1dentify the six

transistors 40,42, 48, 44, 46 and 50. The items 1n the left hand
column identily the on condition for the drive bias voltage V -,
V., V,, and GND. In each box the top entry indicates the
condition of that transistor, on/oif, for the particular state of
the LCD output voltage, V ., V5, V ,, or GND. The lower entry
in each box represents the voltage that1s applied to the gate of
that transistor to etfect the selection of that bias voltage V .,
V., V., GND while avoiding exceeding the breakdown volt-
age. The voltage on the gates may be V_, V,,, V _, and gnd.
Table I represents one set of conditions, for example, for aone
third bias. For a one-half bias the V 5 on row would be omitted
and similar patterns of switching and gate levels would be
used.

[0026] In the unprotected mode the transistors are operated
as 1f they are normal switches and the level shifters provide
the voltages at the gates of the driver transistors as 1f they were
normal digital switches. This mode ensures that the LCD
driver can operate at low voltages of V¢, Vb, and Va. In this
mode to turn on a PMOS ftransistor or to turn oif a NMOS
transistor a ground 1s applied to the corresponding gate ter-
minal.

[0027] A chart showing state of the different transistors
while 1n non-protected mode 1s shown 1n Table II.
TABLE II

40 4?2 48 44 46 50 60 62
V~0n On  Off On On Off Off On  Off

ond V., ond V., gnd gnd gnd Vg
Vz On Off On On On Off Off Oif On

V. ond ond V., gnd gnd v, ;; gnd
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TABLE II-continued

40 42 48 44 46 50 60 62
V ,On Off On Off On Off On Off On

V. gnd Vi Vi gnd  V, Vaa gnd
GND On Off On Off Off On On Off On

[0028] At start up or in other conditions where there may be
no voltage V - at terminal 28 all of the PMOS transistors, 40,
42, 48 might be conducting if there 1s a stray voltage on the
output terminal 22 which 1s higher then the gates of transistors
40, 42, and 48. In this situation there would also be a direct
short between the terminals 28, 30, 32 and 34. To address this
problem of shutting oif the leakage paths blocking switches
or transistors 60, 62, may be added to switching circuit 364,
FIG. 3. Then independent of whether the V . voltage level 1s
present and independent of the voltage that may be on output
terminal 22, the driver can be shutoil without damaging the
LCD connected to the output terminal 22 and also the internal
transistors. For turning oif the leakage paths the idea1s to have
something 1n the path which can be used to shut off the path
for current flow. There 1s no such problem with respect to
transistors 44 and 46 for they are not PMOS, they are NMOS
and they would be turned off since the gates would be at
ground. The transistors 60 and 62 are turned on as needed by
applying Va (protected mode) or ground (non-protected
mode). The supply voltage Vdd 1s applied to the gate when
these are supposed to be off. The transistors 60 and 40 are
connected such that when V¢ 1s greater than Vdd then tran-
s1stor 40 shuts off the currents path from V¢ to any other node,
since 1t’s gate 1s connected to V¢ (highest voltage 1n the path)
when off. IT V¢ 1s less than Vdd or when it’s not present then
transistor 60 shuts off that path since 1ts gate 1s connected to
the supply which 1s always present. Transistors 62 and 42 are
operated in the same manner.

[0029] 'This 1s shown 1n the last two columns, the 7th and
8th columns of Table I, which are labeled at the top, 60, 62, the
reference numerals of those transistors i FIG. 3.

[0030] A typical prior art level shifter, which could be used
in level shifter circuit 26 of FI1G. 3 1s shown as level shafter 70
in FIG. 4, where 1t 1s shown as 1including mverter 72, NMOS
switch 74, and cross-coupled PMOS switch 76. In operation
with a ground at input 78, transistor 80 1s off, the ground at the
input to mverter 72 becomes. a high at the output and there-
fore turns on transistor 82. With transistor 82 on, ground 1s
applied to the output and to the gate 84 of transistor 86. This
action, employing the voltages previously suggested, would
put 6 volts across the source to gate junction and destroy
transistor 86. Likewise with a high level at input 78 inverter
would provide a lower, off, signal to transistor 82, but tran-
sistor 80 would conduct, thereby bringing ground to the gate
88 of transistor 90. This would place 6 volts across the source
to gate of transistor 90 and would exceed its breakdown
voltage.

[0031] Thus, as shown 1n FIG. 5 a level shifter 100 accord-
ing to this invention may include an mverter 102, NMOS
switch 104 and a cross-coupled PMOS switch 106. The same
principle applies 1n an opposite configuration 1.e. using
NMOS as the cross coupled configuration and the PMOS as
switches. But it also includes a pair of clamps 108 and 110
which may be active clamps, clamp the gates 84a, 88a, FIG.
6, of the PMOS cross-coupled switch 106, FIG. 6, so that
instead of going to ground 1n each case the gate 1s pulled down
to a lower level but within 4 volts or less of the 6. volt V¢ so
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that the breakdown voltage 1s not exceeded. Thus, transistors
never see a voltage across the gate-source or gate-drain more
than a predetermined value. In the protected mode these
clamps are turned on while 1n the unprotected mode these are
turned off and the level shifter acts like a normal cross
coupled level shifter. While 1n this disclosed embodiment
both 1 FIGS. 3 and 4 the higher voltage levels V ., V; tran-
sistors switches were implemented with PMOS transistors
and the lower voltage GND and V , were implemented with
NMOS ftransistors, this 1s not a necessary limitation of the
invention for the implementation could be reversed with the
suitable adjustments made to the voltages applied.

[0032] The LCD dniver also has a safety mode monitor
circuit 29 such that if there 1s an external short or 1f the supply
or reference voltage, Vrel, or the clock goes away then the
transistors are all on by default such that the high voltage
nodes have a discharge path to ground. The level shifter
circuits block 26 controls the gate voltages to the transistors 1in
this mode.

[0033] Although specific features of the invention are
shown 1n some drawings and not in others, this 1s for conve-
nience only as each feature may be combined with any or all
of the other features in accordance with the mvention. The
words “including”, “comprising”, “having”, and “with™ as
used herein are to be interpreted broadly and comprehen-
stvely and are not limited to any physical interconnection.
Moreover, any embodiments disclosed 1n the subject appli-
cation are not to be taken as the only possible embodiments.
[0034] In addition, any amendment presented during the
prosecution of the patent application for this patent 1s not a

disclaimer of any claim element presented in the application

Sep. 19, 2013

as filed: those skilled 1n the art cannot reasonably be expected
to draft a claim that would literally encompass all possible
equivalents, many equivalents will be unforeseeable at the
time of the amendment and are beyond a fair interpretation of
what 1s to be surrendered (1f anything), the rationale under-
lying the amendment may bear no more than a tangential
relation to many equivalents, and/or there are many other
reasons the applicant can not be expected to describe certain
insubstantial substitutes for any claim element amended.
[0035] Other embodiments will occur to those skilled 1n the
art and are within the following claims.

What 1s claimed 1s:
1. A low voltage driver comprising:

a plurality of mput terminals, each of the mput terminals
having a respective bias voltage;

an output terminal;

a {irst plurality of transistors, each of the first plurality of
transistors coupled to one of the plurality of input termi-
nals:

a second plurality of transistors, each of the second plural-
ity of transistors disposed between the output terminal
and a common drain node shared by two or more of the
first plurality of transistors;

a voltage path between a selected mnput terminal and the
output terminal, the voltage path including one of the
first plurality of transistors and one of the second plural-
ity of transistors;

wherein a non-selected input terminal 1s applied to the gate
of transistors along the voltage path.

G ex x = e
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