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(57) ABSTRACT 
In the structure in Which an input signal IN and a reverse 
phase signal XIN thereof are externally input, an external IC 
is required for generating the reverse-phase signal XIN, and 
the number of required input signal terminals is tWo. 

A level shift circuit formed on an insulating substrate, such 
as a glass substrate, using transistors With large character 
istic variations, for example, TFTs With high thresholds Vth, 
includes a complementary generator unit (11) driven by a 
?rst poWer supply (V CC) having an amplitude voltage equal 
to the amplitude voltage of a signal externally input from the 
substrate to generate complementary signals from a single 
phase input signal IN. The complementary signals generated 
by the complementary generator unit (11) are level-shifted 
by a level shift unit (14). Therefore, it is no longer necessary 
to externally input the reverse-phase signal XIN. 

VCC 
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LEVEL SHIFT CIRCUIT, DISPLAY APPARATUS, 
AND PORTABLE TERMINAL 

TECHNICAL FIELD 

[0001] The present invention relates to a level shift circuit, 
a display apparatus, and a portable terminal. Particularly, the 
present invention relates to a level shift circuit formed on an 
insulating substrate using transistors With large characteris 
tic variations, a display apparatus using the level shift circuit 
as a peripheral driving circuit, and a portable terminal 
including the display apparatus as a screen display unit. 

BACKGROUND ART 

[0002] An example structure of a level shift circuit of the 
related art is shoWn in FIG. 9. The level shift circuit in this 
example level-shifts (level-converts) an input signal IN With 
a loW voltage amplitude of, for example, 3.3 V to a signal 
With a high voltage amplitude of, for example, 6.5 V. As is 
apparent from FIG. 9, the level shift circuit includes tWo bias 
shift units 101 and 102, a level shift unit 103, and an output 
unit 104. 

[0003] If the level shift circuit of this type is formed of 
transistors With large characteristic variations, for example, 
TFTs (Thin Film Transistors), in addition to the input signal 
IN, a reverse-phase signal XIN of the input signal IN must 
be input in order to reliably activate the circuit. Altemately, 
in place of the reverse-phase signal XIN, a reference poten 
tial Ref having an intermediate level of the amplitude of the 
input signal IN must be input. The input signals IN and XIN 
(or Ref) must be input directly to a source of the input stage 
of the level shift unit 103. 

[0004] As described above, in the structure in Which, in 
addition to the input signal IN, the reverse-phase signal XIN 
is externally input, an external IC is required for generating 
the reverse-phase signal XIN based on the input signal IN 
and the number of input signal terminals required for the 
level shift circuit is tWo. On the other hand, in the structure 
in Which the reference potential Ref is input, an external Ref 
poWer supply is required. 

[0005] If the externally input signals IN and XIN (or Ref) 
are input directly to the source of the input stage of the level 
shift unit 103, a current ?oWs in an external input terminal, 
thus causing overcurrent into the external IC When the 
poWer supply is turned on or the like. This may induce 
latchup on the external IC. 

[0006] The present invention has been made in vieW of the 
foregoing problems, and it is an object of the present 
invention to provide a level shift circuit Which can reliably 
level-shift a single-phase input signal When it is formed of 
transistors With large characteristic variations, a display 
apparatus using the level shift circuit, and a portable termi 
nal including the display apparatus as a screen display unit. 

DISCLOSURE OF INVENTION 

[0007] A level shift circuit of the present invention is 
formed on an insulating substrate, and includes a comple 
mentary generator unit driven by a ?rst poWer supply having 
an amplitude voltage equal to an amplitude voltage of a 
signal input from the outside of the substrate for generating 
a complementary signal from the single-phase input signal, 
and a level shift unit driven by a second poWer supply 
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having a higher voltage than the ?rst poWer supply for 
shifting the level of the complementary signal. The level 
shift circuit is used for a display apparatus having a level 
shift circuit formed on the same transparent insulating 
substrate on Which display unit is formed for shifting the 
level of an input signal from the outside of the substrate so 
as to drive the display unit, and is used as this level shift 
circuit. The display apparatus using such a level shift circuit 
is disposed on a portable terminal, such as a PDA (Personal 
Digital Assistants) or a cellular phone, as a screen display 
unit thereof. 

[0008] A circuit formed on an insulating substrate, such as 
a glass substrate, using transistors With large characteristic 
variations, for example, TFTs, exhibits loWer TFT charac 
teristics than that formed on a silicon substrate. Thus, a level 
shift circuit is required for shifting the level of an input 
signal to a high voltage amplitude. In a case Where the level 
shift circuit is formed on the insulating substrate, When a 
single-phase signal is input from the outside of the substrate 
to the level shift circuit, a complementary generator unit of 
the level shift circuit formed on the substrate a generates 
complementary signal from the single-phase signal, and 
supplies it to a level shift unit. The level shift unit level 
shifts the complementary signal from loW voltage amplitude 
to high voltage amplitude. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a circuit diagram shoWing an example 
structure of a level shift circuit according to a ?rst embodi 
ment of the present invention. 

[0010] FIG. 2 is a timing chart shoWing the circuit opera 
tion of the level shift circuit according to the ?rst embodi 
ment. 

[0011] FIG. 3 is a circuit diagram shoWing an example 
structure of a level shift circuit according to a second 
embodiment of the present invention. 

[0012] FIG. 4 is a timing chart shoWing the circuit opera 
tion of the level shift circuit according to the second embodi 
ment. 

[0013] FIG. 5 is a block diagram shoWing an example 
structure of a liquid crystal display apparatus according to 
the present invention. 

[0014] FIG. 6 is a circuit diagram shoWing an example of 
the pixel structure. 

[0015] FIG. 7 is a block diagram shoWing a speci?c 
example of the internal structure of an interface circuit. 

[0016] FIG. 8 is an external vieW schematically shoWing 
the structure of a PDA according to the present invention. 

[0017] FIG. 9 is a circuit diagram shoWing an example 
structure of a level shift circuit of the related art. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0018] Embodiments of the present invention are 
described hereinbeloW in detail With reference to the draW 
ings. 

First Embodiment 

[0019] FIG. 1 is a circuit diagram shoWing an example 
structure of a level shift circuit according to a ?rst embodi 
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ment of the present invention. It is assumed that the level 
shift circuit according to this embodiment is formed on an 
insulating substrate, such as a glass substrate, using transis 
tors With large characteristic variations, for example, TFTs 
With high thresholds Vth. As is apparent from FIG. 1, the 
level shift circuit according to this embodiment includes a 
complementary generator unit 11, tWo bias shift units 12 and 
13, a level shift unit 14, and an output unit 15. These units 
are formed on the insulating substrate using TFTs. 

[0020] The level shift circuit has a ground (GND) terminal 
16, a circuit input terminal 17, tWo poWer supply terminals 
18 and 19, and a circuit output terminal 20. A ?rst poWer 
supply voltage VCC equal to the amplitude voltage (for 
example, 3.3 V) of a signal input from the outside of the 
substrate is applied to the poWer supply terminal 18. A 
second poWer supply voltage VDD (for example, 6.5 V) 
higher than the ?rst poWer supply voltage VCC is applied to 
the poWer supply terminal 19. 

[0021] The complementary generator unit 11 is formed of 
tWo cascaded inverters, for example, a ?rst CMOS inverter 
having a PMOS transistor Qp11 and an NMOS transistor 
Qn11 connected in series betWeen a VCC poWer-supply line 
(hereinafter referred to as a VCC line) and a GND line, each 
having a gate connected With the circuit input terminal 17, 
and a second CMOS inverter having a PMOS transistor 
Qp12 and an NMOS transistor Qn12 connected in series 
betWeen the VCC line and the GND line, each having a gate 
connected With the common drain node of the MOS tran 
sistors Qp11 and Qn11. 

[0022] In the complementary generator unit 11, When an 
input signal IN is input to the circuit input terminal 17, a 
reverse-phase signal XIN of the input signal IN is output 
from the output end of the ?rst CMOS inverter, i.e., the 
common drain node of the MOS transistors Qp11 and Qn11, 
and a signal IN that is in-phase With the input signal IN is 
output from the output end of the second CMOS inverter, 
i.e., the common drain node of the MOS transistors Qp12 
and Qn12. In other Words, the complementary generator unit 
11 is driven by the ?rst poWer supply voltage VCC, Which 
is equal to the amplitude voltage of a signal input from the 
outside of the substrate, to generate the complementary 
signals IN and XIN from the input signal IN. 

[0023] The bias shift unit 12 is formed of PMOS transis 
tors Qp13 and Qp14 connected in series betWeen a VDD 
poWer-supply line (hereinafter referred to as a VDD line) 
and the GND line. A gate of the MOS transistor Qp13 is 
connected With the GND line, and a gate of the MOS 
transistor Qp14 is connected With a signal line (hereinafter 
referred to as an IN line) for carrying the in-phase signal of 
the input signal IN. The bias shift unit 12 shifts a DC bias 
of the in-phase signal IN. 

[0024] The bias shift unit 13 is formed of PMOS transis 
tors Qp15 and Qp16 connected in series betWeen the VDD 
line and the GND line. A gate of the MOS transistor Qp15 
is connected With the GND line, and a gate of the MOS 
transistor Qp16 is connected With a signal line (hereinafter 
referred to as an XIN line) for carrying the reverse-phase 
signal XIN of the input signal IN. The bias shift unit 13 
shifts a DC bias of the reverse-phase signal XIN. 

[0025] The level shift unit 14 includes tWo PMOS tran 
sistors Qp17 and Qp18, and four NMOS transistors Qn13 
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through Qn16. The tWo PMOS transistors Qp17 and Qp18 
have sources connected With the VDD line and gates com 
monly connected, and the gate and drain of the MOS 
transistor Qp17 are connected, thereby forming a current 
mirror circuit. 

[0026] The NMOS transistor Qn13 has a drain connected 
With the drain of the PMOS transistor Qp17, a gate con 
nected With the output end of the bias shift unit 12, i.e., the 
drain-source common node of the PMOS transistors Qp13 
and Qp14, and a source connected With the XIN line. The 
NMOS transistor Qn14 has a drain connected With a drain of 
the PMOS transistor Qp18, a gate connected With the output 
end of the bias shift unit 13, i.e., the drain-source common 
node of the PMOS transistors Qp15 and Qp16, and a source 
connected With the IN line. 

[0027] The NMOS transistor Qn15 has a drain connected 
With the output end of the bias shift unit 13, a gate connected 
With the output end of the bias shift unit 12, and a source 
connected With the XIN line. The NMOS transistor Qn16 
has a drain connected With the output end of the bias shift 
unit 12, a gate connected With the output end of the bias shift 
unit 13, and a source connected With the IN line. Therefore, 
the level shift unit 14 is formed of a source-input-type 
current mirror amp, that is, the reverse-phase signal XIN and 
the in-phase signal IN are input to the sources of the NMOS 
transistors Qn13 and Qn14 at the input stage, respectively. 

[0028] The output unit 15 is formed of a ?rst CMOS 
inverter having a PMOS transistor Qp19 and an NMOS 
transistor Qn19 connected in series betWeen the VDD 
poWer-supply line and the GND line, each having a gate 
connected With the output end of the level shift unit 14, i.e., 
the common drain node of the MOS transistors Qp18 and 
Qn14, and a second CMOS inverter having a PMOS tran 
sistor Qp20 and an NMOS transistor Qn20 connected in 
series betWeen the VDD line and the GND line, each having 
a gate connected With the common drain node of the MOS 
transistors Qp19 and Qn19. 

[0029] The circuit operation of the level shift circuit 
according to the ?rst embodiment having the above-de 
scribed structure is described hereinbeloW With reference to 
the timing chart shoWn in FIG. 2. In the folloWing descrip 
tion, the input signal IN is a pulse signal, by Way of example. 

[0030] When a single-phase input pulse With 0 to 3.3 V 
amplitude is input via the circuit input terminal 17, the 
complementary generator unit 11 generates complementary 
(in-phase and reverse-phase) pulses of 0 V to 3.3 V from this 
input pulse. The generated complementary pulses, Whose 
DC biases are shifted by the bias shift units 12 and 13 by 
certain voltages, are input to the gates of the NMOS tran 
sistors Qn13 and Qn14 of the level shift unit 14. 

[0031] The complementary pulses, Which have not been 
bias-shifted by the bias shift units 12 and 13, are crossed and 
input to the sources of the NMOS transistors Qn13 and 
Qn14. Speci?cally, the reverse-phase pulse, Which has not 
been bias-shifted, is input to the source of the NMOS 
transistor Qn13 Whose gate the bias-shifted in-phase pulse is 
input to. The in-phase pulse, Which has not been bias 
shifted, is input to the source of the NMOS transistor Qn14 
Whose gate the bias-shifted reverse-phase pulse is input to. 

[0032] Accordingly, complementary pulses, Which have 
not been bias-shifted, are crossed and input to the sources of 
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the NMOS transistors Qn13 and Qn14 forming a current 
mirror amp, thus allowing rapid level shifting to a high 
voltage amplitude (in this example, 6.5 V) if the level shift 
circuit is formed of TFTs With large characteristic variations 
and high thresholds Vth. The level shift unit 14 has a 
structure in Which the complementary pulses are input 
directly to the sources; hoWever, the DC. currents ?oWing 
from the sources are supplied from the inverters of the 
complementary generator 11, resulting in no DC. current 
?oWing in an external clock line. 

[0033] In the level shift unit 14 having such a current 
mirror amp, the complementary pulses With 0 to 3.3 V 
amplitude are level-shifted to pulses With 0 to 6.5 V ampli 
tude, and are then output as a single-phase output pulse OUT 
that is in-phase With the input pulse IN from the circuit 
output terminal 20 via the output unit 15. 

[0034] As described above, a level shift circuit formed on 
an insulating substrate, such as a glass substrate, using 
transistors With large characteristic variations, for example, 
TFTs With high thresholds Vth, is provided With the comple 
mentary generator unit 11 driven by a ?rst poWer supply 
(VCC) having an amplitude voltage equal to the amplitude 
voltage of a signal input from the outside of the substrate to 
generate complementary signals from a single-phase input 
signal IN, and it is therefore no longer necessary to exter 
nally input a reverse-phase signal XIN. Thus, no external IC 
is required for generating the reverse-phase signal XIN 
based on the input signal IN, and one terminal of the level 
shift circuit can be eliminated. 

[0035] Moreover, the input signal IN is not input directly 
from the outside to the sources of the source-input level shift 
unit 14, but is received by the inverters of the complemen 
tary generator unit 11 so as to convert the signal into 
complementary signals, Which are then input thereto. This 
results in no DC. current ?oWing in the input terminal 17, 
and eliminates the danger of ?oWing overcurrent into an 
external signal line, Which carries the input signal IN, When 
the poWer supply is turned on or the like. 

[0036] Since the level shift circuit according to this 
embodiment uses the level shift unit 14 of the source input 
type, some circuit delay can occur. HoWever, this level shift 
circuit is able to level-shift the input signal IN and output it 
as the output signal OUT in real time, thus achieving very 
high operation speed. This is suitable for level-shifting 
high-operation-frequency clock signals. 

[0037] In a case Where a circuit is formed on a silicon 
substrate using TFTs, a signal of a loW voltage amplitude (in 
this example, 0 to 3.3 V) is su?icient to drive the circuit. 
Therefore, a level shift circuit for level-shifting the input 
signal to a high voltage amplitude is not necessary. On the 
other hand, a circuit formed on an insulating substrate, such 
as a glass substrate, using TFTs exhibits loWer TFT charac 
teristics than that formed on a silicon substrate. Such a 
circuit must therefore-include a level shift circuit for level 
shifting the input signal to a high voltage amplitude in order 
to correctly activate the circuit. The level shift circuit 
according to this embodiment is suitable as such a level shift 
circuit formed on an insulating substrate using TFTs. 

Second Embodiment 

[0038] FIG. 3 is a circuit diagram shoWing an example 
structure of a level shift circuit according to a second 
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embodiment of the present invention. It is assumed that the 
level shift circuit according to this embodiment is formed on 
an insulating substrate, such as a glass substrate, using 
transistors With large characteristic variations, for example, 
TFTs With high thresholds Vth, like the level shift circuit 
according to the ?rst embodiment. As is apparent from FIG. 
3, the level shift circuit according to this embodiment 
includes a complementary generator unit 21, a ?rst latch unit 
22, and a second latch unit 23. These units are formed on the 
insulating substrate using TFTs. 
[0039] The level shift circuit has a control terminal 24, a 
ground (GND) terminal 25, a circuit input terminal 26, tWo 
poWer supply terminals 27 and 28, and a circuit output 
terminal 29. A sampling pulse SP is input from the outside 
of the substrate to the control terminal 24. A ?rst poWer 
supply voltage VCC equal to the amplitude voltage (for 
example, 3.3 V) of a signal input from the outside of the 
substrate is applied to the poWer supply terminal 27. A 
second poWer supply voltage VDD (for example, 6.5 V) 
higher than the ?rst poWer supply voltage VCC is applied to 
the poWer supply terminal 28. 

[0040] The complementary generator unit 21 is formed of 
tWo cascaded inverters, for example, a ?rst CMOS inverter 
having a PMOS transistor Qp21 and an NMOS transistor 
Qn21 connected in series betWeen a VCC line and a GND 
line, each having a gate connected With the circuit input 
terminal 26, and a second CMOS inverter having a PMOS 
transistor Qp22 and an NMOS transistor Qn22 connected in 
series betWeen the VCC line and the GND line, each having 
a gate connected With the common drain node of the MOS 
transistors Qp21 and Qn21. 
[0041] In the complementary generator unit 21, When an 
input signal IN is input to the circuit input terminal 26, a 
reverse-phase signal XIN of the input signal IN is output 
from the output end of the ?rst CMOS inverter, i.e., the 
common drain node of the MOS transistors Qp21 and Qn21, 
and a signal IN that is in-phase With the input signal IN is 
output from the output end of the second CMOS inverter, 
i.e., the common drain node of the MOS transistors Qp22 
and Qn22. In other Words, the complementary generator unit 
21 is driven by the ?rst poWer supply voltage VCC, Which 
is equal to the amplitude voltage of an signal input from the 
outside of the substrate, to generate the complementary 
signals IN and XIN from the input signal IN. 
[0042] The ?rst latch unit 22 is formed of a CMOS 
inverter 221, a CMOS latch cell 222, and an inverter circuit 
223. The CMOS inverter 221 is formed of a PMOS transistor 
Qp23 and an NMOS transistor Qn23 connected in series 
betWeen a VDD line and the GND line, gates thereof being 
commonly connected. The CMOS inverter 221 inverts the 
sampling pulse SP With 0 to 3.3 V amplitude input via the 
control terminal 24, and also level-shifts it to a sampling 
pulse SP With 6.5 to 0 V amplitude. 

[0043] The CMOS latch cell 222 includes a ?rst CMOS 
inverter having a PMOS transistor Qp24 and an NMOS 
transistor Qn24 connected in series, gates thereof being 
commonly connected, and a second CMOS inverter having 
a PMOS transistor Qp25 and an NMOS transistor Qn25 
connected in series, gates thereof being commonly con 
nected. The input and output ends of these CMOS inverters 
are cross-connected. 

[0044] More speci?cally, the input end of the ?rst CMOS 
inverter, i.e., the common gate node of the MOS transistors 
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Qp24 and Qn24, is connected With the output end of the 
second CMOS inverter, i.e., the common drain node of the 
MOS transistors Qp25 and Qn25, and the input end of the 
second CMOS inverter, i.e., the common gate node of the 
MOS transistors Qp25 and Qn25 is connected With the 
output end of the ?rst CMOS inverter, i.e., the common 
drain node of the MOS transistors Qp24 and Qn24. 

[0045] A PMOS transistor Qp26 is connected betWeen the 
poWer-supply side of the CMOS latch cell 222 and the VDD 
line. The PMOS transistor Qp26 is turned on for a loW-level 
period of the sampling pulse SP input via the control 
terminal 24 to supply the poWer supply voltage VDD to the 
CMOS latch cell 222, and is turned off for a high-level 
period of the sampling pulse SP to interrupt the supply of the 
poWer supply voltage VDD to the CMOS latch cell 222. 
Therefore, the latch unit 22 of the sampling latch type is 
constructed as a level shift unit. 

[0046] An NMOS transistor Qn26 is connected betWeen 
the input end of the ?rst CMOS inverter of the CMOS latch 
cell 222 and the output end of the second CMOS inverter of 
the complementary generator unit 21, and an NMOS tran 
sistor Qn27 is connected betWeen the input end of the second 
CMOS inverter of the CMOS latch cell 222 and the output 
end of the ?rst CMOS inverter of the complementary 
generator unit 21. The NMOS transistors Qn26 and Qn27 
are turned on for the high-level period of the sampling pulse 
SP to sample the complementary signals, that is, the in-phase 
signal and the reverse-phase signal, and supply them to the 
CMOS latch cell 222. 

[0047] The inverter circuit 223 is formed of a ?rst CMOS 
inverter having a PMOS transistor Qp28 and an NMOS 
transistor Qn28 connected in series, gates thereof being 
commonly connected, and a second CMOS inverter having 
a PMOS transistor Qp29 and an NMOS transistor Qn29 
connected in series, gates thereof being commonly con 
nected. The inverter circuit 223 is driven by the poWer 
supply voltage VDD Which is supplied via the PMOS 
transistor Qp26. 
[0048] In the inverter circuit 223, the input ends of the ?rst 
and second CMOS inverters, i.e., the common gate node of 
the MOS transistors Qp28 and Qn28 and the common gate 
node of the MOS transistors Qp29 and Qn29, are connected 
With the output ends of the ?rst and second CMOS inverters 
of the CMOS latch cell 222, respectively. The output ends of 
the ?rst and second CMOS inverters, i.e., the common drain 
node of the MOS transistors Qp28 and Qn28 and the 
common drain node of the MOS transistors Qp29 and Qn29, 
are connected With drains of NMOS transistors Qn30 and 
Qn31, respectively. The NMOS transistors Qn30 and Qn31 
are turned on for a high-level period of the sampling pulse 
SP level-shifted by the CMOS inverter 221 to transmit the 
complementary signals latched in the CMOS latch cell 222 
to the subsequent second latch unit 23. 

[0049] The second latch unit 23 is formed of a CMOS 
latch 231 and a CMOS inverter 232. The CMOS latch 231 
has a ?rst CMOS inverter having a PMOS transistor Qp32 
and an NMOS transistor Qn32 connected in series betWeen 
the VDD line and the GND line, gates thereof being com 
monly connected, and a second CMOS inverter having a 
PMOS transistor Qp33 and an NMOS transistor Qn33 
connected in series betWeen the VDD line and the GND line, 
gates thereof being commonly connected. The input and 
output ends of these CMOS inverters are cross-connected. 
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[0050] More speci?cally, the input end of the ?rst CMOS 
inverter, i.e., the common gate node of the MOS transistors 
Qp32 and Qn32, is connected With the output end of the 
second CMOS inverter, i.e., the common drain node of the 
MOS transistors Qp33 and Qn33, and the input end of the 
second CMOS inverter, i.e., the common gate node of the 
MOS transistors Qp33 and Qn33, is connected With the 
output end of the ?rst CMOS inverter, i.e., the common 
drain node of the MOS transistors Qp32 and Qn32. The 
input ends of the ?rst and second CMOS inverters are 
connected With the sources of the NMOS transistors Qn30 
and Qn31 of the ?rst latch unit 22, respectively. 

[0051] The CMOS inverter 232 is formed of a PMOS 
transistor Qp34 and an NMOS transistor Qn34 connected in 
series betWeen the VDD line and the GND line, gates thereof 
being commonly connected. The input end of the CMOS 
inverter 232, i.e., the common gate node of the MOS 
transistors Qp34 and Qn34, is connected With the output end 
of the ?rst CMOS inverter of the CMOS latch 231, and the 
output end of the CMOS inverter 232, i.e., the common drain 
node of the MOS transistors Qp34 and Qn34, is connected 
With the circuit output terminal 29. 

[0052] The circuit operation of the level shift circuit 
according to the second embodiment having the above 
described structure is described hereinbeloW With reference 
to the timing chart shoWn in FIG. 4. In the folloWing 
description, the input signal IN is a pulse signal, by Way of 
example. 

[0053] When a single-phase input pulse With 0 to 3.3 V 
amplitude is input via the circuit input terminal 26, the 
complementary generator unit 21 generates complementary 
(in-phase or reverse-phase) pulses of 0 V to 3.3 V from this 
input pulse. The generated complementary pulses are 
sampled by turning on the NMOS transistors Qn26 and 
Qn27 for the high-level period of the sampling pulse SP 
input via the control terminal 24, and are then input to the 
CMOS latch cell 222 of the second latch unit 22. 

[0054] When the sampling pulse SP becomes loW, the 
NMOS transistors Qn26 and Qn27 are turned off to interrupt 
the input of the complementary pulses to the CMOS latch 
cell 222. At the same time, the PMOS transistor 26 is turned 
on to supply the poWer supply voltage VDD to the CMOS 
latch cell 222. The ?rst latch unit 22, namely, the CMOS 
latch cell 222, stores (latches) the data at the time When the 
sampling pulse SP becomes loW. 

[0055] In the same period, the sampling pulse SP inverted 
by the CMOS inverter 221 becomes high, and the NMOS 
transistors Qn30 and Qn31 of the ?rst latch unit 22 are 
turned on, so that the data latched in the CMOS latch cell 
222 is transmitted to the second latch unit 23 and is also 
Written to the CMOS latch cell 231. The Written data is still 
stored in the CMOS latch cell 231 for a period in Which the 
?rst latch unit 22 latches the next data. The latched data is 
inverted by the CMOS inverter 232, and is then output as a 
single-phase output pulse OUT that is in-phase With the 
input pulse IN from the circuit output terminal 29. 

[0056] As described above, a level shift circuit formed on 
an insulating substrate, such as a glass substrate, using 
transistors With large characteristic variations, for example, 
TFTs With high thresholds Vth, is provided With the comple 
mentary generator unit 21 driven by a ?rst poWer supply 
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(VCC) having an amplitude voltage equal to the amplitude 
voltage of a signal input from the outside of the substrate to 
generate complementary signals from a single-phase input 
signal IN, thus achieving similar advantages to the ?rst 
embodiment. 

[0057] Speci?cally, it is no longer necessary to input a 
reverse-phase signal XIN from the outside of the substrate. 
Thus, no external IC is required for generating the reverse 
phase signal XIN based on the input signal IN, and one 
terminal of the level shift circuit can be eliminated. More 
over, the input signal IN is not input directly from the 
outside to the ?rst latch unit 22, but is received by the 
inverters of the complementary generator unit 21 so as to 
convert the signal into complementary signals, Which are 
then input thereto. This results in no DC. current ?oWing in 
the input terminal 26, and eliminates the danger of ?oWing 
overcurrent into an external signal line, Which carries the 
input signal IN, When the poWer supply is turned on or the 
like. 

[0058] In the level shift circuit according to this embodi 
ment, basically, the level shift unit is implemented by a 
sampling-latch-type latch circuit, Which does not cause a 
DC. current to How constantly, unlike the level shift circuit 
according to the ?rst embodiment, thus reducing the poWer 
consumption. The level shift circuit according to this 
embodiment is therefore suitable for the purpose of loW 
poWer consumption. 

[0059] In the foregoing embodiments, each of the comple 
mentary generator units 11 and 21 is formed of tWo cascaded 
inverters, by Way of example. The merit of this structure is 
that a DC. current is not caused to How in the input terminal 
117 or 26. HoWever, the complementary generator unit 11 or 
21 is not necessarily formed of tWo inverters as long as it can 
generate complementary signals from a single-phase input 
signal, and may be formed of a single inverter in Which 
complementary signals can be obtained from the input side 
and output side of this inverter. 

[0060] The level shift circuits according to the above 
described ?rst and second embodiments can be used as, for 
example, level shift circuits for use in an integrated-driving 
circuit display apparatus having peripheral driving circuits 
integrally formed on the same transparent insulating sub 
strate on Which a display unit having a matrix of pixels is 
formed for level-shifting a loW-voltage-amplitude signal 
input from the outside of the substrate to a high-voltage 
amplitude signal. 

APPLICATION EXAMPLES 

[0061] FIG. 5 is a block diagram shoWing an example 
structure of a display apparatus according to the present 
invention, for example, a liquid crystal display apparatus. In 
FIG. 5, a display unit (pixel unit) 32 having a matrix of 
pixels is formed on a transparent insulating substrate, for 
example, a glass substrate 31. The glass substrate 31 faces 
another glass substrate With a predetermined spacing ther 
ebetWeen, and a liquid crystal material is disposed betWeen 
both substrates, thereby forming a display panel (an LCD 
panel). 

[0062] An example of the pixel structure of the display 
unit 32 is shoWn in FIG. 6. Each of the pixels 50 arranged 
into a matrix includes a TFT (Thin Film Transistor) 51 
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serving as a pixel transistor, a liquid crystal cell 52 having 
a pixel electrode connected With a drain electrode of the TFT 
51, and a storage capacitor 53 having one electrode con 
nected With the drain electrode of the TFT 51. The liquid 
crystal cell 52 means the liquid crystal capacitance gener 
ated betWeen the pixel electrode and a counter electrode 
thereof. 

[0063] In this pixel structure, the TFT 51 has a gate 
electrode connected With a gate line (scanning line) 54, and 
a source electrode connected With a data line (signal line) 55. 
The counter electrode of the liquid crystal cell 52 is con 
nected With a VCOM line 56, as is common to the pixels. A 
common voltage VCOM (V COM potential) is applied to the 
counter electrode of the liquid crystal cell 52 via the VCOM 
line 56, as is common to the pixels. The other electrode (the 
terminal on the counter electrode side) of the storage capaci 
tor 53 is connected With a CS line 57, as is common to the 
pixels. 
[0064] In a case Where IH (H indicates a horizontal period) 
inversion driving or 1F (F indicates a ?eld period) inversion 
driving is performed, a display signal to be Written to each 
pixel is polarity-inverted based on the VCOM potential. In 
a case Where VCOM inversion driving in Which the polarity 
of the VCOM potential is inverted every 1H or 1F is 
performed in combination With IH inversion driving or 1F 
inversion driving, the polarity of the CS potential applied to 
the CS line 57 is also inverted in synchronization With the 
VCOM potential. HoWever, the liquid crystal display appa 
ratus according to this embodiment is not limited to VCOM 
inversion driving. 

[0065] Referring again to FIG. 5, formed on the same 
glass substrate 31 on Which the display unit 32 is formed are, 
for example, an interface (IF) circuit 33, a timing generator 
(TG) 34, and a reference voltage driver 35 on the left of the 
display unit 32; a horizontal driver 36 on the upper side of 
the display unit 32; a vertical driver 37 on the right of the 
display unit 32; and a CS driver 38 and a VCOM driver 39 
on the loWer side of the display unit 32. These peripheral 
driving circuits and the pixel transistors of the display unit 
32 are made of loW-temperature polysilicon or CG (Con 
tinuous Grain) silicon. 

[0066] In the liquid crystal display apparatus having the 
above-described structure, a loW-voltage-amplitude (for 
example, 3.3-volt-amplitude) master clock MCK, horizontal 
synchronous pulse Hsync, vertical synchronous pulse 
Vsync, and R (red), G (green), and B (blue) parallel-input 
display data Data are externally input to the glass substrate 
31 via a ?exible cable (substrate) 40, and are level-shifted 
(level-converted) by the interface circuit 33 to high-voltage 
amplitude (for example, 6.5-volt) signals. 
[0067] The level-shifted master clock MCK, horizontal 
synchronous pulse Hsync, and vertical synchronous pulse 
Vsync are supplied to the timing generator 34. The timing 
generator 34 generates various timing pulses necessary for 
driving the reference voltage driver 35, the horizontal driver 
36, the vertical driver 37, the CS driver 38, and the VCOM 
driver 39 based on the master clock MCK, the horizontal 
synchronous pulse Hsync, and the vertical synchronous 
pulse Vsync. The level-shifted display data Data is supplied 
to the horizontal driver 36. 

[0068] The horizontal driver 36 includes, for example, a 
horizontal shift register 361, a data sampling latch circuit 
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362, and a DA (digital-to-analog) converter circuit (DAC) 
363. The horizontal shift register 361 starts a shift operation 
in response to a horizontal start pulse HST supplied from the 
timing generator 34, and generates sampling pulses, Which 
is sequentially transferred in one horizontal period in syn 
chronization With a horizontal clock pulse HCK also sup 
plied from the timing generator 34. 
[0069] In synchronization With the sampling pulses gen 
erated by the horizontal shift register 361, the data sampling 
latch circuit 362 sequentially samples and latches the display 
data Data output from the interface circuit 33 in one hori 
zontal period. The latched digital data corresponding to one 
line is further transferred to a line memory (not shoWn) in a 
horizontal blanking period. The digital data corresponding 
to one line is converted by the DA converter circuit 363 into 
an analog display signal. 
[0070] The DA converter circuit 363 is, for example, a 
reference-voltage-selection-type DA converter circuit for 
selecting a reference voltage corresponding to the digital 
data from reference voltages corresponding to the number of 
grayscales supplied from the reference voltage driver 35 and 
for outputting the selected voltage as an analog display 
signal. An analog display signal Sig corresponding to one 
line output from the DA converter circuit 363 is output to 
data lines 55-1 to 55-n corresponding to n horizontal pixels 
of the display unit 32. 

[0071] The vertical driver 37 is formed of a vertical shift 
register and a gate bulfer. In the vertical driver 37, the 
vertical shift register starts a shift operation in response to a 
vertical start pulse VST supplied from the timing generator 
34, and generates scanning pulses to be sequentially trans 
ferred in one vertical period in synchronization With a 
vertical clock pulse VCK also supplied from the timing 
generator 34. The generated scanning pulses are sequentially 
output via the gate bulfer to gate lines 54-1 to 54-m 
corresponding to m vertical pixels of the display unit 32. 

[0072] When the scanning pulses are sequentially output 
to the gate lines 54-1 to 54-m by vertical scanning of the 
vertical driver 37, the pixels of the display unit 32 are 
selected roW-by-roW (line-by-line) in turn. The analog dis 
play signal Sig corresponding to one line output from the DA 
converter circuit 363 is Written at the same time to the 
selected pixels corresponding to one line via the data lines 
55-1 to 55-n. This line-by-line Writing operation is repeated, 
thus alloWing an image of one screen to be displayed. 

[0073] The CS driver 38 generates the above-described CS 
potential, and applies it to the other electrode of the storage 
capacitor 53 via the CS line 57 shoWn in FIG. 6, as is 
common to the pixels. Given that the amplitude of the 
display signals is, for example, 0 to 3.3 V, the CS potential 
is inverted alternately betWeen 0 V (ground level) as the 
minimum level and 3.3 V as the maximum level in a case 
Where VCOM inversion driving is performed. 
[0074] The VCOM driver 39 generates the above-de 
scribed VCOM potential. The VCOM potential output from 
the VCOM driver 39 is once output to the outside of the 
glass substrate 31 via the ?exible cable 40. The VCOM 
potential output to the outside passes through a VCOM 
adjusting circuit 41, and is again input to the glass substrate 
31 via the ?exible cable 40. The input VCOM potential is 
applied to the counter electrode of the liquid crystal cell 52 
via the VCOM line 56 shoWn in FIG. 6, as is common to the 
pixels. 
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[0075] As used herein, the VCOM potential is an AC. 
voltage having substantially the same amplitude as the CS 
potential. In practical use, hoWever, a voltage drop occurs in 
the TFT 51 shoWn in FIG. 6 due to parasitic capacitance or 
the like When the signal is Written to the pixel electrode of 
the liquid crystal cell 52 from the gate line 54 via the TFT 
51, and the VCOM potential must be an AC. voltage Which 
is DC shifted by the amount of voltage drop. The VCOM 
potential is DC shifted by the VCOM adjusting circuit 41. 

[0076] The VCOM adjusting circuit 41 is formed of a 
capacitor C to Which the VCOM potential is input, a variable 
resistor VR connected betWeen the output end of the capaci 
tor C and an external poWer supply VCC, and a resistor R 
connected betWeen the output end of the capacitor C and a 
ground. The VCOM adjusting circuit 41 adjusts the DC level 
of the VCOM potential applied to the counter electrode of 
the liquid crystal cell 52, that is, a DC offset is added to the 
VCOM potential. 

[0077] In the liquid crystal display apparatus having the 
above-described structure, the horizontal driver 36 and the 
vertical driver 37, as Well as peripheral driving circuits, such 
as the interface circuit 33, the timing generator 34, the 
reference voltage driver 35, the CS driver 38, and the 
VCOM driver 39, are integrally formed on the same panel 
(the glass substrate 31) on Which the display unit 32 is 
formed. Therefore, a display panel With all the driving 
circuits integrated can be constructed Without any external 
substrate, IC, or transistor circuit, thus reducing the size and 
cost of the overall system. 

[0078] In the integrated-driving-circuit liquid crystal dis 
play apparatus, level shift circuits forming the interface 
circuit 33 are implemented by the level shift circuits accord 
ing to the ?rst and second embodiments. As described 
above, the master clock MCK, the horizontal synchronous 
pulse Hsync, the vertical synchronous pulse Vsync, and the 
R (red), G (green), and B (blue) parallel-input display data 
Data are input from the outside of the substrate to the 
interface circuit 33. Where one color is represented by, for 
example, 6 bits, the display data Data is 18-bit data (=6 
bits><3). 
[0079] FIG. 7 shoWs a speci?c example of the internal 
structure of the interface circuit 33. The interface circuit 33 
in this example includes 21 input level shift (LS) circuits 
42-1 to 42-21 corresponding to the externally input master 
clock MCK, horizontal synchronous pulse Hsync, vertical 
synchronous pulse Vsync, and 18-bit display data Data. The 
input level shift circuits 42-1 to 42-21 are implemented by 
the level shift circuits according to the ?rst and second 
embodiments. Since the level shift circuits according to the 
?rst and second embodiments support a single-phase input 
signal, a single-phase signal can be input to all of the input 
level shift circuits 42-1 to 42-21, thus greatly reducing the 
number of input terminals of the display panel. 

[0080] The master clock MCK is a much-higher-fre 
quency signal than any other signal of the loW-voltage 
amplitude (in this example, 0 V to 3.3 V) signals input from 
the outside of the substrate. It is preferable that the input 
level shift circuit 42-1 Which level-shifts the master clock 
MCK be implemented by the level shift circuit according to 
the ?rst embodiment, that is, a source-input-type level shift 
circuit having a high operation speed. It is preferable that 
each of the input level shift circuits 42-2 to 42-21 Which 
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level-shift the remaining signals be implemented by the 
level shift circuit according to the second embodiment, that 
is, a sampling-latch-type level shift circuit With loW poWer 
consumption. 
[0081] Accordingly, sampling-latch-type level shift cir 
cuits With loW poWer consumption are used for the signals 
other than the master clock MCK, i.e., the horiZontal syn 
chronous pulse Hsync, the vertical synchronous pulse 
Vsync, and the 18-bit display data Data. Therefore, the 
poWer consumption of the overall liquid crystal display 
apparatus can be reduced. 

[0082] In the application example, a liquid crystal display 
apparatus using liquid crystal cells as display elements is 
used, by Way of example. HoWever, the present invention is 
not limited to this application example, and may be appli 
cable to any display apparatus having a level shift circuit 
formed on the same substrate on Which a display unit is 

formed, such as an EL (electroluminescence) display appa 
ratus using EL elements as display elements. 

[0083] A display apparatus, such as the liquid crystal 
display apparatus in the above-described application 
example, is suitably used as a screen display unit of small 
and light portable terminals, such as cellular phones and 
PDAs (Personal Digital Assistants). 

[0084] FIG. 8 is an external vieW schematically shoWing 
the structure of a portable terminal according to the present 
invention, for example, a PDA. 

[0085] The PDA in this example has, for example, a folded 
structure in Which a cover 62 is openable and closable With 
respect to a main body 61. An operation unit 63 having 
various keys, such as a keyboard, is disposed on the top 
surface of the main body 61. The cover 62 includes a screen 
display unit 64. The screen display unit 64 is implemented 
by the liquid crystal display apparatus having the level shift 
circuits according to the ?rst and second embodiments 
formed on the same substrate on Which the display unit is 
formed. 

[0086] As described above, since the liquid crystal display 
apparatus using the level shift circuits according to the 
foregoing embodiments support a single-phase signal input 
from the outside of the substrate, no external circuit is 
required for generating a reverse-phase signal. Moreover, 
the number of input terminals of the display panel can be 
greatly reduced. The liquid crystal display apparatus is used 
as the screen display unit 64, thus making it possible to 
achieve the PDA With a simple overall structure and less 
Wiring, Which contributes to a reduction in siZe and cost. 

[0087] Although an application to a PDA has been 
described, by Way of example, the present invention is not 
limited to this application example. The liquid crystal dis 
play apparatus according to the present invention may be 
suitable for any small and light portable terminal, such as a 
cellular phone, in particular. 

INDUSTRIAL APPLICABILITY 

[0088] According to the present invention, therefore, a 
level shift circuit formed on an insulating substrate using 
transistors With large characteristic variations is provided 
With a complementary generator unit driven by a ?rst poWer 
supply having an amplitude voltage equal to the amplitude 
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voltage of a signal input from the outside of the substrate to 
generate complementary signals from a single-phase input 
signal. It is therefore no longer necessary to externally input 
a reverse-phase signal. Thus, no external IC is required for 
generating a reverse-phase signal of the single-phase signal, 
and one terminal of the level shift circuit can be eliminated. 
Moreover, the input signal is not input directly from the 
outside, but is received by the complementary generator unit 
so as to convert the signal into complementary signals, 
Which are then input. This results in no DC. current ?oWing 
in a signal input terminal, and eliminates the danger of 
?oWing overcurrent into an external signal line, Which 
carries the input signal, When the poWer supply is turned on 
or the like. 

1. A level shift circuit formed on an insulating substrate 
for level shifting an externally input signal input from 
outside the substrate, comprising: 

a complementary generator unit formed on said insulating 
substrate and driven by a ?rst poWer supply having an 
amplitude voltage equal to an amplitude voltage of the 
externally input signal input from outside the insulating 
substrate for generating a complementary signal from 
the externally input signal; and 

a level shift unit formed on said insulating substrate and 
driven by a second poWer supply having a higher 
voltage than the ?rst poWer supply for shifting the level 
of the complementary signal. 

2-3. (canceled) 
4. A display apparatus comprising: 

a display unit having a matrix of pixels formed on a 
transparent insulating substrate; and 

a level shift circuit formed on the transparent insulating 
substrate together With the display unit for shifting the 
level of an input signal input from outside the substrate 
so as to drive the display unit, 

Wherein the level shift circuit includes: 

a complementary generator unit driven by a ?rst poWer 
supply having an amplitude voltage equal to an ampli 
tude voltage of the signal input from the outside of the 
substrate for generating a complementary signal from 
the input signal; and 

a level shift unit driven by a second poWer supply having 
a higher voltage than the ?rst poWer supply for shifting 
the level of the complementary signal. 

5-8. (canceled) 
9. A portable terminal including a display apparatus as a 

screen display unit, the display apparatus comprising: 

a display unit having a matrix of pixels formed on a 
transparent insulating substrate; and 

a level shift circuit formed on the transparent insulating 
substrate together With the display unit for shifting the 
level of an input signal input from outside the substrate 
so as to drive the display unit, 

Wherein the level shift circuit includes: 

a complementary generator unit driven by a ?rst poWer 
supply having an amplitude voltage equal to an ampli 
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tude voltage of the signal input from the outside of the 
substrate for generating a complementary signal from 
the input signal; and 

a level shift unit driven by a second poWer supply having 
a higher voltage than the ?rst poWer supply for shift the 
level of the complementary signal. 

10. A display apparatus according to claim 4, Wherein said 
input signal is a signal selected from a group including a 
master clock, a horiZontal synchronous pulse, a vertical 
synchronous pulse, and display data. 

11. A portable terminal including a display apparatus as a 
screen display unit according to claim 9, Wherein said input 
signal is a signal selected from a group including a master 
clock, a horiZontal synchronous pulse, a vertical synchro 
nous pulse, and display data. 

12. A level shift circuit according to claim 1, Wherein said 
complementary generator unit is comprised of tWo CMOS 
inverters in series, and Wherein the output of each inverter 
are both connected as inputs to the level shift unit. 

13. A display apparatus according to claim 4, Wherein said 
complementary generator unit is comprised of tWo CMOS 
inverters in series, and Wherein the output of each inverter 
are both connected as inputs to the level shift unit. 

14. Apor‘table terminal including a display apparatus as a 
screen display unit according to claim 9, Wherein said 
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complementary generator unit is comprised of tWo CMOS 
inverters in series, and Wherein the output of each inverter 
are both connected as inputs to the level shift unit. 

15. A level shift circuit according to claim 12, Wherein 
said tWo CMOS inverters function to provide the level shift 
unit With the externally input signal and its complement 
While preventing the How of a DC. current across an input 
terminal on the insulating substrate of said externally input 
signal. 

16. A display apparatus according to claim 13, Wherein 
said tWo CMOS inverters function to provide the level shift 
unit With the externally input signal and its complement 
While preventing the How of a DC. current across an input 
terminal on the insulating substrate of said externally input 
signal. 

17. Apor‘table terminal including a display apparatus as a 
screen display unit according to claim 14, Wherein said tWo 
CMOS inverters function to provide the level shift unit With 
the externally input signal and its complement While pre 
venting the ?oW of a DC. current across an input terminal 
on the insulating substrate of said externally input signal. 


