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(54) Abstract Title

A common-gate level-shifter exhibiting a high input impedance when disabled

(567) A common-gate level-shifter circuit for a flat-panel matrix display driver converts low voltage logic

signals (e.g 0-2 volts) to high voltage logic levels (e.g. 0-10 or 0-20 volts). The gate of the transistor M1

normally receives a bias signal via M13, but when the enable signal EN goes low the gate of M1 receives a Vss
potential via M7 so that M1 turns off and presents a high impedance to the input signal IN. The line IN is then
not loaded. The load R, which may be a PMOS transistor, may also be disabled. When the level-shifter is

disabled, the output OUT may be low, high, or high-impedance. An output latch may be provided to preserve

the output logic signal when the level-shifter is disabled. (figures 22,23 and 27). A level-shifter with
complementary inputs is disclosed (figures 21 and 24). Thin-film transistors (TFTs) may be used.
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LEVEL-SHIFTING PASS GATE
The present invention relates to a level-shifting pass gate. Such a gate may be
embodied in the form of a metal-oxide-semiconductor (MOS) circuit for
responding to input signals which are of substantially lower amplitude than the
circuit supply voltage. Such circuits may be used in large-area silicon-on-
insulator (SOI) circuits for interfacing with system signals of smaller voltage
levels, typically in the region of 1.0 to 5.0 volts. Such circuits typically operate
at significantly higher supply voltages, for example in the region of 10 to 20
volts. An example of this type of circuit is a monolithic driver for a flat-panel

matrix display fabricated with poly-silicon thin-film transistors (TFTs).

Figure 1 of the accompanying drawings illustrates a known type of level shifter
as disclosed, for example, in US 5 729 154. The circuit comprises an input
stage formed by N-type MOS field effect transistors M1 and M3 and P-type
field effect transistors M2 and M4. The output of this stage is connected to a
conventional CMOS inverter comprising an N-type transistor M5 and a P-type

transistor M6.

The gates of the transistors M2 and M4 are connected to a supply line vss so
that these transistors operate substantially as resistors. The gate of the transistor
M1 is connected to the gate and drain of the transistor M3, which therefore
functions like a diode. The source of the transistor M3 is connected to receive a
voltage Vbias which is between the voltages on the supply lines vss and vdd.
The purpose of the transistor M3 is to provide a threshold voltage compensated
bias voltage to the gate of the transistor M1. The source of the transistor M1 is

connected to an input IN of the level shifter.

In use, the input IN receives a logic signal which switches between a lower or
zero level Vgs and an upper level Vyy which is less than the supply voltage
Vpp on the supply line vdd. When the lower logic level Vs is supplied to the
input IN, the gate-source voltage of the transistor M1 is large enough to ensure

that the transistor M1 is turned on and the voltage of the drain is pulled down
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approximately to the voltage Vss of the supply line Vss. The inverter formed by
the transistors M5 and M6 inverts this so that the inverted output OUTB rises

substantially to the supply line potential Vpp of the supply line vdd.

When the higher logic level Vyy is applied to the input IN, the gate-source
voltage of the transistor M1 is reduced such that the transistor M1 is only
weakly conducting or is turned off. The transistor M2 thus pulls the input of
the inverter towards the voltage Vpp of the supply line vdd and above the
switching point of the inverter MS, M6. The output OUTB of the inverter thus
falls substantially to the voltage Vss of the supply line vss.

Although such an arrangement provides level-shifting of input high level logic
signals, the level shifter of Figure 1 presents a lower impedance input load to
whatever signal liné is connected to the input IN when the input signal is at the
logic low level. Thus, when output signals from the level shifter are not
required, any signal line connected to the input IN may be unacceptably loaded

by the low input impedance of the level shifter to low level logic signals.

Figure 2 of the accompanying drawings illustrates another known type of level
shifter, for example as disclosed in EP 0 600 734 A. This level shifter differs
from than shown in Figure 1 of the accompanying drawings in that the source
of the transistor M1 is connected to a complementary input INB whereas the
source of the transistor M3 is connected to the direct input IN. Also, the gates
of the transistors M2 and M4 are connected to the inputs IN and INB,

respectively.

When the input IN receives the higher logic level Vyuy so that the
complimentary input INB is at the lower input logic level Vss, the voltage at the
gate of the transistor M1 is increased while the drive provided by the transistor
M2 is reduced. Thus, the input of the inverter MS, M6 is lower than in the case
of the level shifter shown in Figure 1. Conversely, when the input IN receives

the lower logic level Vgs and the complimentary input INB receives the higher
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logic level Vyy, the transistor M1 is turned harder off, thus allowing the input
to the inverter M5, M6 to be higher than in the case of the level shifter shown in
Figure 1. This allows a greater degree of level shifting to be achieved while
making the switching point of the inverter M5, M6 less critical. However, in
this case, both inputs IN and INB are connected to the sources of the transistors
M1 and M2, which present a low impedance load to any signal lines connected

to the inputs.

Figure 3 of the accompanying drawings illustrates a level shifter of the type
disclosed, for example, in US 5 748 026. Complementary inputs IN and INB
are connected to the sources of diode-connected N-type transistors M3 and M3/,
respectively, which are provided with load resistances in the form of
conducting P-type transistors M4 and M4'. The bases and drains of the
transistors M3 and M3' are connected to the gates of N-type transistors M1 and
M1, respectively, which are provided with a current mirror load comprising P-
type transistors M2 and M2'. The diode-connected transistors M3 and M3'
provide level shifting of the complementary input signals by adding a bias
voltage. However, again, the inputs IN and INB present a low impedance load

to the signal lines to which they are connected.

Figure 4 of the accompanying drawings illustrates a simplified version of a
known level shifter, as used in an LPS display available from ST-LCD. This
arrangement differs from that shown in Figure 3 in that the transistors M3 and
M3' are of P-type and, in conjunction with the transistors M4 and M4', are
connected as source-followers whereas the sources of the transistors M1 and
M1' are connected to the inputs INB and IN. The transistors M3 and M3' again
provide initial level shifting of the input signals but, again, the inputs IN and
INB are connected to transistor sources and so present a relatively low

impedance load to signal lines connected to the inputs.

According to a first aspect of the invention, there is provided a level-shifting

pass gate comprising: a first circuit comprising a pass transistor, whose main
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conduction path is connected between a signal input and a signal output, and a
load connected to the signal output; and a second circuit have an enable input
and being arranged to control the first circuit such that, when an enable signal
supplied to the enable input is active and a first logic level is supplied to the
signal input, the pass transistor provides a level-shifted logic level at the signal
output and, when the enable signal is inactive, the signal input is set to a high

impedance state and the signal output is set to a pre-determined siate.

The pass transistor may be arranged to provide a substantially unshifted logic
level at the signal output when the enable signal is active and a second logic
level is supplied to the signal input. The first logic level may have a higher
magnitude than the second logic level. The magnitude of the second logic level

may be substantially equal to zero.

The second circuit may be arranged to switch off the first transistor when the

enable signal is inactive.

The second circuit may be arranged to supply, to a control electrode of the pass
transistor, a bias voltage greater than a threshold voltage of the pass transistor
when the enable signal is active. The difference between the bias voltage and

the first logic level may be less than the threshold voltage of the pass transistor.

The second circuit may comprise a bias voltage source comprising a resistance
connected to an output electrode and a control electrode of a first transistor.
The first transistor may have a common electrode connected to ground. As an
alternative, the first transistor may have a common electrode connected to
receive a high voltage level when the enable signal is in active and a low
voltage level when the enable signal is active. As a further alternative, the first

transistor may have a common electrode connected to a complementary signal

input.
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The common electrode of the first transistor may be connected via the main
conduction path of a second transistor whose control electrode is arranged to

receive a further bias voltage.

The resistance may comprise the main conduction path of a third transistor.
The third transistor may be arranged to be switched off when the enable signal

is inactive and to be conductive when the enable signal is active.

The control and output electrodes of the first transistor may be connected to a

control electrode of the pass transistor.

The gate may comprise a fourth transistor arranged to connect a control

electrode of the pass transistor to ground when the enable signal is inactive.

The gate may comprise of at least one further pass transistor, the or each of
which has a main conduction path connected between a respective further

signal input and the signal output.

The load may comprise a substantially fixed resistance and the predetermined

state may comprise a high level state.

The load may comprise a load transistor of a conductivity type opposite that of
the pass transistor. The pass transistor may have a higher drive capability than

the load transistor.

The load transistor may be arranged to be switched off when the enable signal
is inactive. The predetermined state may be a high impedance state. As an
alternative, a pull-down transistor having a main conduction path connected
between the signal output and ground may be arranged to be switched on when
the enable signal is inactive and the predetermined state may be a low level

state.
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The load transistor may be arranged to receive a fixed bias and the
predetermined state may be high level state. The load transistor may have a

control electrode connected to receive a ground potential.

The signal output may be connected to the input of a first inverter. The gate
may comprise a second controllable inverter whose input and output are
connected to the output and input, respectively, of the first inverter and which is
arranged to be enabled when the enable signal is inactive and to be disabled

when the enable signal is active.

The or each transistor may comprise a field effect transistor. The gate may be

embodied in a CMOS integrated circuit.

According to a second aspect of the invention, there is provided a driver circuit
for a matrix display including a gate in accordance with a first aspect of the

invention.

It is thus possible to provide a level-shifting pass gate which is very sensitive
and which permits operation with very low voltage inputs. Such a gate has a
high-operating speed which allows, for example, high speed shifting or
sampling to be achieved. It is easy to implement a logic AND function for any
number of low voltage inputs. A lower power consumption may be achieved
because of improved logic level swings. The gate is robust to process variation

and may be embodied by a relatively small number of transistors.

The pass gate incorporates an enabling or gating arrangement which allows the
gate to be switched to a disabled state in which the output adopts a
predetermined state irrespective of the input and the input presents a high
impedance to signal lines connected to it. The predetermined states can be
selected according to the following circuit requirements and can be in the form,
for example, of a logic low level, a logic high level or a high impedance state.

By switching the input to a high impedance state when the gate is disabled,
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unnecessary loading of the signal line connected to the input can be

substantially avoided.

The invention will be further describe, by way of example, with reference to the

accompanying drawings, in which:

Figures 1 to 4 are circuit diagrams illustrating known types of level shifters;

Figure 5 is a waveform diagram illustrating a level shifting function to be

performed by embodiments of the invention;

Figure 6 is a schematic circuit diagram illustrating a level-shifting pass gate

constituting a first embodiment of the invention;

Figure 7 is a schematic circuit diagram illustrating a pass gate of the type

shown in Figure 6 and including an AND function;

Figures 8 to 11 are schematic diagrams illustrating different types of loads

which may be used in the pass gate of Figure 6;

Figures 12 to 19 are circuit diagrams illustrating different control arrangements

for the pass transistor of the pass gate of Figure 6,

Figures 20 and 21 are schematic circuit diagrams illustrating the use of an

output inverter with the pass gate of Figure 6;

Figures 22 and 23 are schematic circuit diagrams illustrating a latching

arrangement which may be used with the pass gate of Figure 6;

Figure 24 is a circuit diagram illustrating a pass gate constituting another

embodiment of the invention;
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Figures 25 and 26 are waveform diagrams illustrating waveforms occurring in a

simulation of the pass gate of Figure 24,

Figure 27 is a circuit diagram of a pass gate constituting a further embodiment

of the invention; and

Figure 28 is a waveform diagram illustrating waveforms occurring in a

simulation of the pass gate of Figure 27.

Like reference numerals refer to like parts throughout the drawings.

Figure 5 illustrates the level shifting function which is required to be performed
by the level-shifting pass gates constituting embodiments of the invention and
described hereinafter. The upper waveform diagram in Figure S illustrates a
typical input signal in the form of a logic level signal having two logic levels.
The lower logic level Vs is equal to or substantially equal to zero. volts; and, as
shown in the lower waveform diagram of Figure S, this level is not required to
be changed. However, the upper input level Vyy is a relatively low “logic”
high level, for example, of the order of two volts and this level is required to be
increased to the high level Vpp, for example which may be 15 volts and which
corresponds to the power supply voltage of the pass gate. The level-shifting
pass gate is thus required to perform the functions of a pass gate and at the
same time interface between the relatively low level logic signals supplied to
the input of the pass gate and subsequent circuitry connected to the output of

the pass gate.

The level-shifting pass gate shown in Figure 6 comprises a pass transistor M1
(shown as an N-type MOS field effect transistor but which may equally well be
of P-type) whose source is connected to a signal input IN and whose drain is
connected to a signal output OUT. The drain of the transistor M1 is also
connected via a load R to a power supply line vdd. The gate of the transistor

M1 is connected to a control circuit or means 1 which has an enable input EN
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for receiving an enable signal which is illustrated in the embodiments as being
of the “active high” type but which could equally well be of the active low type.
A control connection is also illustrated between the control means 1 and the

load R although, in some embodiments, such a connection is not provided.

The enable input EN receives a logic signal which switches between Vpp
(which is the power supply voltage on the supply line vdd) and Vgs, which is
the ground potential or the voltage of a lower supply line (not shown in Figure
6). A signal input IN receives, as described hereinbefore, a lower voltage logic
signal switching between Vss and an upper logic level Vyu which is

substantially less than Vpp.

When the enable signal supplied to the input EN is at the low logic level, the
control means 1 controls the circuit formed by the transistor M1 and the load R
such that the transistor M1 is turned off and the output OUT is isolated from the
input IN. In this condition, the input IN assumes a high impedance state
whereas the output OUT assumes a predetermined state which may be, for
example, a logic high level (Vpp), a logic low level (Vss) or a high impedance

(Z) state . The circuit behaviour of the pass gate may then be summarised by

the following truth table:
EN IN ouT
0 (Vss) 0 (Vss) X
0 (Vss) 1 (Vun) X
1 (Vobp) 0 (Vss) 0 (~Vss)
1 (Vop) 1 (Vun) 1 (=Vpp)

X=0 (Vss), 1 (Vpp) or Z (high impedance)

When the enable signal at the input EN is high, the control means 1 ensures that
a suitable bias voltage Vi, is supplied to the gate of the transistor M1. The

pass transistor M1 and the load R thus operate as a common gate amplifier with
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the signal supplied to the input IN controlling the gate-source voltage of the
transistor M1. When a low logic level Vgg is supplied to the input IN, the gate-
source voltage Vs 1s equal to the bias voltage Vs so that the transistor M1 is
turned on and its drain pulls the output OUT low. Conversely, when the higher
level signal Vuy is supplied to the input IN, the gate-source voltage Vgs is
equal to Vpias — Vun so that the transistor M1 is either weakly conducting or

turned completely off and the load R pulls the output OUT high.

The drive strength or capability of the transistor M1, the value of the gate bias
voltage Vyias and the impedance of the load R are chosen in order to provide
large voltage swings at the output OUT. In order for the output OUT to switch
between values close to the supply voltages Vss and Vpp for different input

conditions, the following criteria should be observed:

1. Viias Should be greater than the threshold voltage of the transistor M1,
2. Viias — Vin should be less than the threshold voltage of the transistor
MI1; and

3. the impedance of the load R should be high.

The third criterion illustrates that there is a trade-off between speed of operation
and a degree of level shifting. A high impedance load R ensures that, for a low
level input signal, the transistor M1 can pull the output OUT almost to the value
of the input Vss. However, for a high level input Vyp, the transistor M1 is
turned off and the high impedance of the load R can only pull the output OUT

to Vpp relatively slowly.

Accordingly, for many applications, the load R does not have such a high
impedance and a smaller degree of level-shifting is accepted. For lower load

impedances, the second design criterion need not be observed because the load
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R is able to pull the output OUT to an acceptably high voltage level even when

the transistor M1 is partially conducting.

The pass gate shown in Figure 7 is of the same type as that shown in Figure 6
but includes a logic AND function implemented at the input thereof. The gate
of Figure 7 differs from that of Figure 6 in that a further N-type field effect
transistor Mn forms an additional pass gate with its drain and gate connected to
the output OUT and the gate of the transistor M1, respectively. The gate has

two inputs IN1 and IN2 connected to the sources of the transistors M1 and Mn.

When the pass gate is enabled, the output OUT is at the high logic level Vpp
only when both inputs IN1 and IN2 are at the input logic high level Viu. If
either or both input is at the logic low level Vgs, either or both transistors M1
and Mn are turned on so that the output OUT is pulled low. The operation of
the circuit for different input and enable conditions is illustrated in the

following truth table:

EN IN1 IN2 OouT
0 (Vss) 0 (Vss) 0 (Vss) X
0 (Vss) 0 (Vss) 1 (Vun) X
0 (Vss) 1 (Vun) 0 (Vss) X
0 (Vss) 1 (Vun) 1 (Vun) X
1 (Vob) 0 (Vss) 0 (Vss) 0 (=Vss)
1 (Vop) 0 (Vss) 1 (Vi) 0 (=Vss)
1 (Vop) 1 (Vun) 0 (Vss) 0 (=Vss)
1 (Vpp) 1 (Vun) 1 (Vi) 1 (%Vpp)

X=0 (Vss), 1 (Vpp) or Z (high impedance)
Although only two inputs IN1 and IN2 and two pass transistors M1 and Mn are
shown in Figure 7, any number of inputs and transistors may be provided so as

to implement an AND function having any desired number of inputs.
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The pass gate shown in Figure 8 illustrates one form of the load R which, in this
case, is controlled by the control means 1. The load comprises a P-type field
effect transistor M2 whose source is connected to the supply line vdd and
whose drain is connected to the output OUT. The gate of the transistor M2 is
connected to the output of an inverter 11 which forms part of the control means

1 and whose input is connected to the enable input EN.

When the enable single supplied to the enable input EN is active ie. at Vpp, the
output of the inverter I1 pulls the gate of the transistor M2 substantially to the
ground or lower supply line potential Vss so that the transistor M2 is conductive
and behaves as a resistive load. The drive capability of the transistor M1 must
be greater than that of the transistor M2 so that, when the input signal IN is at
the low level, the transistor M1 can pull the output OUT to the low level.
When the input signal is at the higher input logic level Vyy, the transistor M1 is
turned off and the transistor M2 pulls the output OUT substantially to the

voltage Vpp of the supply line vdd.

When the enable signal is inactive ie. at the low logic level Vgs, the output of
the inverter I1 pulls the gate of the transistor M2 substantially to the supply line
voltage Vpp so that the transistor M2 is turned off The control means also

turns off the transistor M1 so that the output OUT is in a high impedance state.

Figure 9 illustrates a pass gate of the type in which the load is not controlled by
the control means 1. In this case, the load is embodied as a resistor Rl

connected between the output OUT and the supply line vdd.

When the enable signal is active, the transistor M1 pulls the output OUT to the
low logic level when the input signal at the input IN is at the low logic level.
When the input signal is at the input high logic level, the transistor M1 is turned
off and the load R1 pulls the output OUT to the high logic level Vpp.
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When the enable signal is inactive, the transistor M1 is turned off irrespective
of the input signal supplied to the input IN. In this condition, the resistor R1

pulls the output OUT to the high logic level irrespective of the input signal.

Figure 10 illustrates an example of the pass gate of Figure 9 in which the load
resistor R1 is embodied as a P-type field effect transistor M2. The source and
drain of the transistor M2 are connected to the supply line vdd and to the output
OUT, respectively. The gate of the transistor M2 is connected to receive a
fixed bias which, in the embodiment shown in Figure 10, is the lower supply
line vss or ground. The transistor M2 is therefore in its conductive state and
acts as a resistance which, when the pass gate is disabled, pulls the output OUT

to the logic high level Vpp.

The pass gate shown in Figure 11 differs from that shown in Figure 8 in that an
N-type pull-down field effect transistor M8 is provided with its drain connected
to the output OUT, its source connected to the supply line vss and its gate
connected to the output of the inverter I1 of the control means 1. When the
enable signal is active, the output of the inverter 11 pulls the gate of the
transistor M8 substantially to the potential Vgs of the supply line vss so that the
transistor M8 is switched off and has no effect. Thus, in this condition, the
pass gate of Figure 11 functions in exactly the same way as the pass gate of

Figure 8.

When the enable signal is inactive, the transistors M1 and M2 are turned off as
in the pass gate of Figure 8. However, in this condition, the output of the
inverter I1 pulls the gate of the transistor M8 to the upper supply line potential
Vpp so that the transistor M8 is turned on. Thus, the output OUT is pulled to

the ground potential Vssor logic low level when the gate is disabled.

Figure 12 illustrates in more detail part of the control means 1 for controlling
the pass transistor M1. The control means 1 includes a bias voltage generator

for generating the bias voltage Vyi.s. The enable input EN is connected so as to
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control a switch S2. The enable input EN is also connected to the input of an
inverter I1' whose output controls another switch S1. The switches S1 and S2
are connected between the source of the bias voltage Viias and the supply line
vss with the connection between the switches S1 and S2 being connected to the

gate of the pass transistor M1.

When the enable signal is active, the switch S2 is closed whereas the switch S1
is open so that the bias voltage Vs 1s supplied to the gate of the transistor M1,
which functions as a common gate amplifier as described hereinbefore. When
the enable signal is inactive, the switch S2 is open whereas the switch S1 is
closed and connects the gate of the transistor M1 to the supply line vss. The
transistor M1 is thus turned off irrespective of the input signal at input IN and

isolates the output OUT from the input IN.

Figure 13 illustrates an embodiment of the pass gate of Figure 12 in which the

switches S1 and S2 are implemented as N-type field effect transistors M7 and
M13. The operation of the pass gate shown in Figure 13 is the same as

described hereinbefore with reference to Figure 12.

Figure 14 illustrates a bias voltage generating arrangement in a pass gate of the
type shown in Figure 13. The bias voltage generator comprises an N-type field
effect transistor M3 whose source is connected to the supply line vss and whose
gate and drain are connected via a resistor R2 to the supply line vdd and form
the output of the bias voltage generator connected to the drain of the transistor
MI13. The transistor M3 operates in its saturated conductive regime and the

current Ips through the drain-source path of the transistor M3 is given by:

Ips = %n— (VGS -V, )2

Where f, is the (geometry dependent) transconductance parameter of the

transistor M3, Vs is the gate-source voltage of the transistor M3 and Vr, is the
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threshold voltage of the transistor M3. The bias voltage Vvias generated at the

drain of the transistor M3 is given by:

A +‘\/]+2ﬁnR2(VDD_VT)_1
bias Tn ﬁnRz

By appropriately choosing the drive strength of the transistor M3 and the value
of the resistor R2, it is possible to set the bias voltage Viias to any value
between the threshold voltage V, (for values of R2 approaching infinity) and
the supply line voltage Vpp (corresponding to the resistor R2 having zero
resistance). If the transistor M3 has the same threshold voltage as the transistor
M1 and if the value of the resistor R2 is made sufficiently large, the transistor
M1 can be biased just above its threshold so as to satisfy criteria 1 and 2

described hereinbefore.

The pass gate shown in Figure 15 differs from that shown in Figure 14 in that
the source of the transistor M3 is connected to the output of the inverter I1'
instead of to the supply line vss. This arrangement ensures that, when the
enable signal is inactive, the source of the transistor M3 is pulled to the supply
line voltage Vpp so that current flow in the bias generator is cut off and the
power consumption of the pass gate is reduced. However, when the inverter I1'
is embodied as the standard two transistor CMOS inverter, the source of the
transistor M3 is connected to ground via an N-type transistor When the enable
signal is active. Depending on the drive capability of the N-type transistor of
the inverter I1' in relation to that of the transistor M3 and the value of the
resistor R2, the source of the transistor M3 may therefore be raised to a small
positive bias value when the enable signal is active. This offset may be useful

in optimising the pass gate for some configurations.

The pass gate of Figure 16 achieves a similar result by connecting the source-
drain path of an N-type transistor M14 between the source of the transistor M3

and the supply line vss. The gate of the transistor M14 receives a bias voltage



16

and is shown connected to the supply line vdd for this purpose. Alternatively,
the gate of the transistor M14 may be connected to the input EN. The transistor
M14 supplies a small bias voltage which is added to the bias voltage provided
by the transistor M3 and the resistor R2 so that a higher bias voltage Vyis is

provided. This may simplify circuit design and optimisation.

If the value of the resistor R2 is made equal to the value of the load R and the
transistors M1 and M3 have identical drive capabilities, the transistor M1
cannot pull the output OUT down to a voltage which is less than the bias
voltage Vuias. This means that, for good level shifting, the bias voltage Vpias
must be small but, in order to generate the bias voltage with active load devices,
the transistors M1 and M3 may have to be much larger than the active load
devices. By applying the small bias voltage generated by the transistor M14 to
the source of the transistor M3, the transistor M1 is able to pull the output OUT
down to a voltage which is lower than the bias voltage Viis. This arrangement

therefore relieves the requirement for wide devices in the pass gate.

The pass gate shown in Figure 17 is of the type shown in Figure 14 with the
resistor R2 embodied as a P-type field effect transistor M4. The gate of the
transistor M4 receives a bias voltage and, for convenience as shown in Figure
17, may be connected to the supply line vss. In this case, the transistor M4
operates in its linear conduction regime with the drain-source current being

given by:

Vs
Ips :ﬂp (VGS"VT)VDS _7 -

Where B, is the (geometry dependent) transconductance parameter, Vgs is the
source-gate voltage, Vris the threshold voltage and Dgr is the threshold voltage
and Vps is the drain-source voltage. If the transistors M3 and M4 have
substantially the same threshold voltage VT, the bias voltage Vi, generated at

the drain of the transistor M3 is given by:

4

bias

V2 -2VV,,)-BV:
=VT+\/V,?+ﬂ”( o) Y
n j2
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For threshold voltages substantially smaller than the supply voltage Vpp, this

may be simplified to:

The value of the bias voltage Vyi.s thus depends on the ratio of the drive
capabilities of the transistors M3 and M4. If the transistors have substantially
identical values of B, then, for typical values of Vpp and V7, the bias voltage
tends to be greater than Vpp/2. Further, the higher the drive capability of the
transistor M3 with respect to the transistor M4, the lower the value of the bias
voltage Viias becomes. This is advantageous in order to satisfy the criteria

defined hereinbefore.

The pass gate shown in Figure 18 differs from that shown in Figure 17 in that
the transistor M13 is omitted, the gate of the transistor M4 is connected to the
output of the inverter 11", and the drain of the transistor M7 is connected to the
output of the bias voltage generator ie the connection between the drains of the
transistors M4 and M3. When the enable signal supplied to the enable input EN
is active, the output of the inverter I1' pulls the gates of the transistors M4 and
M7 to the lower supply potential Vss . The transistor M7 is turned off and the
transistor M4 is turned on to provide the bias voltage generator load. The
required bias voltage is thus supplied to the gate of the pass transistor M1 and
the pass gate functions as described hereinbefore for high and low input logic

levels.

When the enable signal is inactive, the output of the inverter I1' pulls the gate of
the transistors M4 and M7 to the upper supply line voltage Vpp. The transistor
M4 is thus turned off and the gates of the transistors M1 and M3 are connected
to the lower supply line vss. The bias voltage generator is thus disabled and the

pass transistor M1 is turned off.
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The pass gate shown in Figure 19 differs from that shown in Figure 18 in that
the source of the transistor M3 is connected to a complementary signal input
INB. When the enable signal is inactive, the transistor M7 connects the gates
of the transistors M1 and M3 to the lower supply line vss. The transistors M1
and M3 are thus turned off so that the inputs IN and INB are isolated and

assume a high impedance state.

When the enable signal is active, the pass gate of Figure 19 operates in the
manner described hereinbefore when the input signal at the input IN is at the
upper input logic level so that the complementary input signal at the input INB
is at the lower input logic level ie at Vgs. However, when the input IN is at the
lower input logic level and the input INB is at the higher input logic level Vyy,
the value of the bias voltage supplied to the gate of the transistor M1 is
approximately increased by an amount equal toVyn. The resulting increase in
the gate-source voltage of the transistor M1 further lowers the voltage at the
output OUT of the pass gate. Thus, a larger degree of voltage swing may be
provided at the output OUT by using complementary input signals and the

configuration illustrated in Figure 19.

As shown in Figure 20, the output of the pass gate may be supplemented or
buffered by an inverter 12, which thus provides an inverted output signal at the
output OUTB. The input signal to the inverter I2 switches between levels
above and below the switching point of the inverter I12. However, for speed
considerations as described hereinbefore, these logic levels may be less than the
voltage extremes defined by the supply voltages Vss and Vpp. The use of the
inverter 12, which acts as a simple “hard limiter”, provides output voltage levels
which are almost equal to the supply voltages. The inverter 12 may be the

standard two transistor CMOS inverter configuration.

The pass gate shown in Figure 21 differs from that shown in Figure 20 in that

the inverter 12, which is embodied as the standard CMOS inverter comprising
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an N-type transistor M5 and a P-type transistor M6, has the source of the

transistor M5 connected to a complimentary input INB.

When the pass gate is enabled and the signal at the input IN is at the input logic
high level, the complementary input INB is substantially at the lower supply
line potential and the inverter comprising the transistors M5 and M6 operates in
the conventional way. However, when the signal supplied to the input IN is at
the lower input logic level, the signal at the complementary input INB is at the
higher input logic level Vyy. The gate-source voltage of the transistor M5 is
thus reduced and this provides a larger voltage swing at the output OUTB of the

inverter.

The pass gate shown in Figure 22 differs from that shown in Figure 20 in that a
further inverter I3 has its input and output connected to the output and input,
respectively, of the inverter I2. Also, the inverter I3 is controllable and is
controlled by the control means 1. The inverter I3 thus functions as a feedback

inverter which can be disabled by a control signal from the control means 1.

When the enable signal is active, the control means disable the inverter I3 so
that the pass gate functions in the same way as the pass gate shown in Figure
20. However, when the enable signal is inactive, the pass transistor M1 is
switched off and the load R is chosen so that the output of the pass gate
connected to the input of the inverter 12 defaults to a high impedance state, for
example as illustrated by the load arrangement in Figure 8. The feedback
inverter I3 is activated by the control means 1 and, together with the inverter 12,
forms a latching mechanism. This arrangement therefore operates as a simple
low voltage sample-and-hold circuit which samples the input signal when the
enable signal is active and holds the signal when the enable signal becomes

inactive.

Figure 23 illustrates a particular example of the inverter I3, which comprises N-

type transistors M9 and M10 and P-type transistors M11 and M12, whose
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source-drain paths are connected in series between the supply lines vss and vdd.
The transistors M10 and MI11 are the conventional “inverter transistors”
whereas the transistors M9 and M12 are control transistors whose gates are
connected to the output and input, respectively, of the inverter 11' of the control
means 1. When the enable signal is active, the transistors M9 and M12 are
turned off so that the transistors M10 and M11 are isolated from the power
supply and the inverter I3 is disabled. When the enable signal is inactive, the
transistors M9 and M12 are turned on so that the inverter I3 functions in the

normal way.

The order of the transistors M9 and M10 and the order of the transistors M11
and M12 may Be changed without affecting the operation of the controllable
inverter. Also, the pairs of transistors M9, M10 and M11, M12 may be
implemented as dual gate MOSFETs. Also, the transistors M9 and M12 may
be omitted provided that the drive capability of the first level shifting stage
comprising the transistor M1 and the load R is greater than that of the
transistors M10 and M11.

The pass gate shown in Figure 24 comprises the load arrangement shown in
Figure 11, the bias voltage generator shown in Figure 19 and the output inverter
arrangement shown in Figure 21. The inverters I1 and I1' are constituted by a
single inverter formed by the conventional CMOS inverter arrangement
comprising an N-type transistor M14 and a P-type transistor M15. The output
OUTB of the level-shifting pass gate thus defaults to the upper logic level Vpp
when the enable signal at the enable input EN is at the inactive or low logic

level state Vss.

Figures 25 and 26 illustrate the waveforms occurring in a simulation of the pass
gate of Figure 24 in which Vyy is 2 volts, Vpp is 15 volts and the transistors
have performances which are typical of low-temperature poly-silicon thin-film
transistors with a threshold wvoltage of 2 wolts and f of

1.25 p A/V? for square devices. The transistors M1 and M3 are three times
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wider than the remaining transistors in Figure 24 which are all square devices.
The lower graph of Figure 26 illustrates the input signals supplied to the inputs
IN and INB and the enable signal supplied to the enable input EN. The input
signals are 3 MHz signals with an amplitude of 2 volts. The resulting transient
currents I for the transistors M1 to M5 are illustrated in the upper graph of

Figure 26.

As shown in Figure 25, the signal at the output OUT switches cleanly to either
side of the input switching voltage IS of the inverter 12. The inputs signals are

level-shifted to within 10 millivolts of the supply line voltages Vpp and Vss.

Figure 27 illustrates a pass gate for low voltage data sampling with a single-
ended input IN. The pass gate of Figure 27 comprises the load arrangement
illustrated in Figure 8, the bias voltage generator illustrated in Figure 18 with
the bias voltage generating transistor arrangement illustrated in Figure 16 and
the transistors M3 and M14 combined as a dual gate transistor, and the output
inverter arrangement illustrated in Figure 23 with the pairs of transistors M9,
M10 and M11, M12 embodied as dual gate transistors. Figure 28 illustrates the
waveforms occurring in a simulation of the pass gate of Figure 27 using the
same parameters as described hereinbefore and again illustrates that excellent
level-shifting performance may be achieved with relatively poor performance
poly-silicon thin-film transistors, for example as found in monolithic driver

circuitry for flat-panel matrix displays.

It is thus possible to provide a level-shifting pass gate which provides a high
degree of level-shifting combined with good performance from a relatively
simple circuit. The pass gate can be enabled or disabled and, in the disabled
state, the or each signal input presents a high impedance to any signal line to
which it is connected. Also, in the disabled state, the output is arranged to

default to any desired condition.
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CLAIMS:

1. A level-shifting pass gate comprising: a first circuit comprising a pass
transistor, whose main conduction path is connected between a signal input and
a signal output, and a load connected to the signal output; and a second circuit
having an enable input and being arranged to control the first circuit such that,
when an enable signal supplied to the enable input is active and a first logic
level is supplied to the signal input, the pass transistor provides a level-shifted
logic level at the signal output and, when the enable signal is inactive, the
signal input is set to a high impedance state and the signal output is set to a

predetermined state.

2. A gate as claimed in claim 1, in which the pass transistor is arranged to
provide a substantially unshifted logic level at the signal output when the

enable signal is active and a second logic level is supplied to the signal input.

3. A gate as claimed in claim 2, in which the first logic level has a higher

magnitude than the second logic level.

4. A gate as claimed in claim 3, in which the magnitude of the second

logic level is substantially equal to zero.

5. A gate as claimed in any one of the preceding claims, in which the
second circuit is arranged to switch off the pass transistor when the enable

signal is inactive.

6. A gate as claimed in any one of the preceding claims, in which the
second circuit is arranged to supply, to a control electrode of the pass transistor,
a bias voltage greater than a threshold voltage of the pass transistor when the

enable signal is active.
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7. A gate as claimed in claim 6, in which the difference between the bias
voltage and the first logic level is less than the threshold voltage of the pass

transistor.

8. A gate as claimed in claim 6 or 7, in which the second circuit comprises
a bias voltage source comprising a resistance connected to an output electrode

and a control electrode of a first transistor.

9. A gate as claimed in claim 8, in which the first transistor has a common

electrode connected to ground.

10. A gate as claimed in claim 8, in which the first transistor has a common
electrode connected to receive a high voltage level when the enable signal is

inactive and a low voltage level when the enable signal is active.

11. A gate as claimed in claim 8, in which the first transistor has a common

electrode connected to a complementary signal input.

12. A gate as claimed in any one of claims 9 to 11, in which the common
electrode of the first transistor is connected via the main conduction path of a
second transistor whose control electrode is arranged to receive a further bias

voltage.

13. A gate as claimed in any one of claims 8 to 12, in which the resistance

comprises the main conduction path of a third transistor.

14. A gate as claimed in claim 13, in which the third transistor is arranged
to be switched off when the enable signal is inactive and to be conductive when

the enable signal is active.
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15. A gate as claimed in any one of claims 8 to 14, in which the control and

output electrodes of the first transistor are connected to a control electrode of

the pass transistor.

16. A gate as claimed in any one of the preceding claims, comprising a
fourth transistor arranged to connect a control electrode of the pass transistor to

ground when the enable signal is inactive.

17. A gate as claimed in any one of the preceding claims, comprising at
least one further pass transistor, the or each of which has a main conduction

path connected between a respective further signal input and the signal output.

18. A gate as claimed in any one of the preceding claims, in which the load
comprises a substantially fixed resistance and the predetermined state

comprises a high level state.

19. A gate as claimed in any one of claims 1 to 17, in which the load
comprises a load transistor of a conductivity type opposite that of the pass

transistor.

20. A gate as claimed in claim 19, in which the pass transistor has a higher

drive capability than the load transistor.

21. A gate as claimed in claim 19 or 20, in which the load transistor is

arranged to be switched off when the enable signal is inactive.

22. A gate as claimed in claim 21, in which the predetermined state is a high

impedance state.

23. A gate as claimed in claim 21, in which a pull-down transistor having a

main conduction path connected between the signal output and ground is
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arranged to be switched on when the enable signal is inactive and the

predetermined state is a low level state.

24. A gate as claimed in claim 19 or 20, in which the load transistor is

arranged to receive a fixed bias and the predetermined state is a high level state.

25. A gate as claimed in claim 24, in which the load transistor has a control

electrode arranged to receive a ground potential.

26. A gate as claimed in any one of the preceding claims, in which the

signal output is connected to the input of a first inverter.

27. A gate as claimed in claim 26, comprising a second controllable inverter
whose input and output are connected to the output and input, respectively, of
the first inverter and which is arranged to be enabled when the enable signal is

inactive and to be disabled when the enable signal is active.

28. A gate as claimed in any one of the preceding claims, in which the or

each transistor comprises a field effect transistor.
29. A gate as claimed in claim 28 embodied in a CMOS integrated circuit.

30. A driver circuit for a matrix display including a gate as claimed in any

one of the preceding claims.
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