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TRANSMITTER CIRCUIT, TRANSMISSION 
CIRCUIT AND DRIVER UNIT 

FIELD OF THE INVENTION 

0001. This invention relates to a transmitter circuit, a 
transmission circuit and a driver unit. More particularly, the 
invention relates to a transmitter circuit, a transmission 
circuit and a driver unit applicable to a liquid crystal display 
device, an organic electroluminescence display device and a 
plasma display device. 

BACKGROUND OF THE INVENTION 

0002 Conventionally, in a matrix-type liquid crystal dis 
play device, an organic electroluminescence (EL) display 
device and a plasma display device, a timing controller LSI 
chip, which Successively generates and outputs one hori 
Zontal line of a grayScale data Signal and Scanning Signal 
from one frame of image Signals, and a Source driver LSI 
chip, which Serves as a driver unit that receive the grayScale 
data Signal and drive respective ones of data lines of a 
display panel, are mounted on a printed circuit board. 
Transmission of Signals between the timing controller LSI 
chip and the Source driver LSI chip, as well as transmission 
of signals between the source driver LSI chips that are 
cascade-connected, is achieved by transmission lines con 
sisting of printed conductor. An LVDS (Low Voltage Dif 
ferential Signaling) interface, for example, is a high-speed 
interface used as the transmission circuit. 

0003. As shown in FIG. 11, the conventional transmitter 
circuit of an LVDS interface includes a constant-current 
Source 6 having one end connected to a high-potential power 
Supply VDD; a constant-current Source 7 having one end 
connected to a low-potential power Supply VSS, an N-chan 
nel MOS transistor N1 and an N-channel MOS transistor N2 
Serving as Switching means connected Serially between the 
other end of the constant-current Source 6 and the other end 
of the constant-current Source 7; an N-channel MOS tran 
sistor N3 and an N-channel MOS transistor N4 serving as 
Switching means connected Serially between the other end of 
the constant-current Source 6 and the other end of the 
constant-current Source 7; a non-inverting output terminal 2 
connected to the node of the N-channel MOS transistor N1 
and N-channel MOS transistor N2; and an inverting output 
terminal 3 connected to the node of the N-channel MOS 
transistor N3 and N-channel MOS transistor N4. A termi 
nating resistor of a receiver circuit is connected between the 
non-inverting output terminal 2 and inverting output termi 
nal 3 via a pair of transmission lines, and a Voltage com 
parator of the receiver circuit recognizes signal logic by 
discriminating the Voltage acroSS the terminating resistor. A 
CMOS-level non-inverted input data signal Supplied to an 
input terminal 1 is applied to the gate terminal of the 
N-channel MOS transistor N1 and to the gate terminal of the 
N-channel MOS transistor N4. An inverting input data 
Signal, which is a result of the non-inverted input data Signal 
being inverted by the CMOS-type inverter circuit 5, is 
applied to the gate terminal of the N-channel MOS transistor 
N2 and to the gate terminal of the N-channel MOS transistor 
N3. When the non-inverted input data signal is at the VDD 
level serving as logic H, the N-channel MOS transistors N1 
and N4 turn on, the N-channel MOS transistors N2 and N3 
turn off, loop Signal current flows from the constant-current 
Source 6 to the constant-current Source 7 via the N-channel 
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MOS transistor N1, non-inverting output terminal 2, trans 
mission line, terminating resistor, transmission line, invert 
ing output terminal 3 and N-channel MOS transistor N4, and 
the receiver circuit recognizes the logic H level. When the 
non-inverted input data Signal is at the VSS level Serving as 
logic L, the N-channel MOS transistors N1 and N4 turn off, 
the N-channel MOS transistors N2 and N3 turn on, loop 
Signal current in the opposite direction flows from the 
constant-current Source 6 to the constant-current Source 7 
via the N-channel MOS transistor N3, non-inverting output 
terminal 3, transmission line, terminating resistor, transmis 
Sion line, non-inverting output terminal 2 and N-channel 
MOS transistor N2, and the receiver circuit recognizes the 
logic L level. 
0004 Patent Document 1 
0005) Japanese Patent Kokai Publication No. JP-P2000 
31810A (FIG. 13) 

SUMMARY OF THE DISCLOSURE 

0006 For the purpose of reducing the size, weight and 
cost of display devices, progreSS has recently been made in 
COG (Chip On Glass) techniques for mounting a source 
driver LSI chip on a glass Substrate Such as a matrix display 
panel. In Such an arrangement, transmission of Signals 
between a timing controller LSI chip and the source driver 
LSI chip, as well as transmission of Signals between the 
cascade-connected Source driver LSI chips, is by transmis 
Sion lines, which consist of aluminum or copper conductor, 
formed on the glass Substrate. 
0007. However, whereas the resistance component of a 
transmission line consisting of copper conductor on a 
printed circuit board is Several tens of milliohms, the resis 
tance component of a transmission line consisting of alu 
minum or copper conductor formed on a glass Substrate is 
Several hundred ohms because both the conductor thickness 
and conductor width are Small Owing to the fabrication 
process for the display panel. The output capacitance of the 
transmitter circuit and the input capacitance of the receiver 
circuit is Several picofarads. Consequently, even if Signal 
transmission is performed in a high-frequency region that 
exceeds 100 MHz with the higher resolutions and larger 
Screen areas of display panels, the Signal waveform at the 
input end of the receiver circuit becomes significantly 
blunted owing to the RC time constant and a problem that 
arises is that good Signal transmission cannot be achieved. 

SUMMARY OF THE INVENTION 

0008 Accordingly, an object of the present invention is to 
provide a transmitter circuit, a transmission circuit and a 
driver unit in which high-Speed Signal transmission can be 
performed by reducing blunting of the Signal waveform at 
the input end of the receiver circuit even if the transmission 
line has a high resistance component as in the manner of 
aluminum or copper conductor on a glass Substrate. 
0009. The above and other objects are attained by a 
transmitter circuit in accordance with one aspect of the 
present invention, comprising a driver circuit, which has a 
non-inverting output terminal and an inverting output ter 
minal, for Outputting a signal current, whose loop direction 
changes based upon an input signal, to the non-inverting 
output terminal and inverting output terminal; and an output 
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waveform control circuit for detecting a waveform edge of 
the input Signal and increasing the Signal current tempo 
rarily. 

0.010 Further, in the transmitter circuit in accordance 
with the present invention, the output-waveform control 
circuit preferably includes an edge detecting circuit for 
outputting a detection signal when the edge is detected; 
Switch means turned on by the detection Signal; and a current 
Source for Supplying a current, which is added to the Signal 
current, when the Switch means has been turned on. 
0011. In the transmitter circuit in accordance with another 
aspect of the present invention, the output-waveform control 
circuit preferably includes a first inverter to which a non 
inverted input Signal is applied; a first capacitor having one 
end connected to an output terminal of the first inverter 
circuit and another end connected to the inverting output 
terminal; a Second inverter circuit to which an inverted input 
Signal is applied; and a Second capacitor having one end 
connected to an output terminal of the Second inverter circuit 
and another end connected to the non-inverting output 
terminal. 

0012. In the transmitter circuit in accordance with the 
present invention, the driver circuit preferably includes a 
first transistor, which has a non-inverting output terminal 
and an inverting output terminal, to which a non-inverted 
input signal is applied, for Switching in response and passing 
a current from a high-potential power Supply to the non 
inverting output terminal; a third transistor, to which the 
inverted input signal is applied, for Switching in response 
and passing a current from the high-potential power Supply 
to the inverting output terminal; a fourth transistor, to which 
the non-inverted input signal is applied, for Switching in 
response and passing a current from the inverting output 
terminal to a low-potential power Supply; and a Second 
transistor, to which the inverted input Signal is applied, for 
Switching in response and passing a current from the non 
inverting output terminal to the low-potential power Supply. 
0013 Further, the above and other objects are attained by 
a transmitter circuit in accordance with another aspect of the 
present invention, comprising a driver circuit, which has a 
non-inverting output terminal and an inverting output ter 
minal, for outputting a differential Voltage, whose polarity 
changes based upon an input signal, to the non-inverting 
output terminal and inverting output terminal; and an output 
waveform control circuit for detecting a waveform edge of 
the input signal and increasing the differential Voltage tem 
porarily. 
0.014 Further, the output-waveform control circuit in the 
transmitter circuit according to the present invention pref 
erably includes an edge detecting circuit for outputting a first 
detection Signal when a rising edge of the waveform is 
detected and a Second detection Signal when a falling edge 
of the waveform is detected; Switch means for pulling up the 
non-inverting output terminal in response to the first detec 
tion Signal; Switch means for pulling down the inverting 
output terminal in response to the first detection signal; 
Switch means for pulling down the non-inverting output 
terminal in response to the Second detection signal; and 
Switch means for pulling up the inverting output terminal in 
response to the Second detection signal. 
0.015 Further, the driver circuit according to the present 
invention includes a potential dividing circuit for generating 
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high- and low-level potential-divided Voltages, Switch 
means for Selecting the potential-divided Voltage based upon 
a non-inverted input signal and outputting the Voltage to the 
non-inverting output terminal; and Switch means for Select 
ing the potential-divided Voltage based upon the non-in 
verted input Signal and outputting the Voltage to the invert 
ing output terminal. 
0016 Further, according to the present invention, the 
foregoing object is attained by providing a transmission 
circuit comprising the above-described transmitter circuit; a 
transmission line having one end connected to the non 
inverting output terminal and inverting output terminal of 
the transmitter circuit; and a receiver circuit connected to the 
other end of the transmission line. 

0017 Further, the above and other objects are attained by 
a driver unit in accordance with another aspect of the present 
invention, comprising a shift register circuit to which is 
input grayScale data for driving data lines of a matrix display 
panel; and the above-described transmitter circuit connected 
to a Serial output end of the shift register circuit. 
0018. The drive unit according to the present invention 
preferably comprises the transmission line described above. 
0019 Further, the transmission line of the driver unit 
according to the present invention comprises a conductor on 
a glass Substrate of the matrix display panel. 
0020 Still other objects and advantages of the present 
invention will become readily apparent to those skilled in 
this art from the following detailed description in conjunc 
tion with the accompanying drawings wherein only the 
preferred embodiments of the invention are shown and 
described, simply by way of illustration of the best mode 
contemplated of carrying out this invention. AS will be 
realized, the invention is capable of other and different 
embodiments, and its Several details are capable of modifi 
cations in various obvious respects, all without departing 
from the invention. Accordingly, the drawing and descrip 
tion are to be regarded as illustrative in nature, and not as 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a circuit diagram illustrating a transmitter 
circuit according to a first embodiment of the present 
invention; 
0022 FIG. 2 is a circuit diagram illustrating a transmis 
Sion circuit having the transmitter circuit of the first embodi 
ment, 

0023 FIG. 3 is a diagram useful in describing the opera 
tion of the transmitter circuit of the first embodiment; 
0024 FIG. 4 is a circuit diagram illustrating a transmitter 
circuit according to a Second embodiment of the present 
invention; 
0025 FIG. 5 is a diagram useful in describing the opera 
tion of the transmitter circuit of the Second embodiment; 
0026 FIG. 6 is a circuit diagram illustrating a transmitter 
circuit according to a third embodiment of the present 
invention; 
0027 FIG. 7 is a diagram useful in describing the opera 
tion of the transmitter circuit of the third embodiment; 
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0028 FIG. 8 is a circuit diagram illustrating a transmitter 
circuit according to a fourth embodiment of the present 
invention; 
0029 FIG. 9 is a block diagram of driver units according 
to a fifth embodiment of the present invention; 
0030 FIG. 10 is a diagram illustrating the structure of a 
matrix display panel having the driver units of the fifth 
embodiment; and 
0.031 FIG. 11 is a circuit diagram illustrating a transmit 
ter circuit according to the prior art. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0.032 Preferred embodiments of the present invention 
will now be described in detail with reference to the draw 
ings. 
0.033 FIG. 1 is a diagram illustrating a configuration of 
a transmitter circuit according to a first embodiment of the 
present invention. As shown in FIG. 1, the transmitter 
circuit includes an input terminal 1, a non-inverting output 
terminal 2, an inverting output terminal 3, a driver circuit 4 
and an output-waveform control circuit 8. 
0034) The driver circuit 4 includes a CMOS-type inverter 
circuit 5, a constant-current Source 6 for Signal current 
Source, a constant-current Source 7 for Signal current Sink, 
and N-channel MOS transistors N1, N2, N3 and N4. One 
end of the constant-current Source 6 is connected to a 
high-potential power supply VDD and the other end thereof 
is connected to the drain terminal of the N-channel MOS 
transistor N1 and to the drain terminal of the N-channel 
MOS transistor N3. One end of the constant-current Source 
7 is connected to a low-potential power Supply VSS and the 
other end thereof is connected to the Source terminal of the 
N-channel MOS transistor N2 and to the Source terminal of 
N-channel MOS transistor N4. The Source terminal of the 
N-channel MOS transistor N1 is connected to the drain 
terminal of the N-channel MOS transistor N2 and the Source 
terminal of the N-channel MOS transistor N3 is connected 
to the drain terminal of the N-channel MOS transistor N4. 
The input terminal 1 is connected to the gate terminal of the 
N-channel MOS transistor N1, the gate terminal of the 
N-channel MOS transistor N4 and the input terminal of the 
inverter circuit 5, and the output terminal of the inverter 
circuit 5 is connected to the gate terminal of the N-channel 
MOS transistor N2 and to the gate terminal of the N-channel 
MOS transistor N3. The non-inverting output terminal 2 is 
connected to the source terminal of the N-channel MOS 
transistor N1 and the inverting output terminal 3 is con 
nected to the Source terminal of the N-channel MOS tran 
Sistor N3. 

0035. The output-waveform control circuit 8 includes an 
edge detecting circuit 9, a constant-current Source 12 for a 
Signal current Source, Switch means 13, a constant-current 
Source 15 for Signal current Sink and Switch means 16. 
0.036 The edge detecting circuit 9 includes a CMOS-type 
non-inverting buffer circuit 10 and a CMOS-type exclusive 
OR gate 11. The input terminal of the non-inverting buffer 
circuit 10 and a first input terminal of the exclusive-OR gate 
11 are tied together and connected to the input terminal 1 
Serving as the input terminal of the edge detecting circuit 9. 
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The output terminal of the non-inverting buffer circuit 10 is 
connected to a Second input terminal of the exclusive-OR 
gate 11. The edge detecting circuit 9 detects the rising and 
falling edges of the waveform of a non-inverted input data 
Signal that is Supplied to the input terminal 1 and outputs an 
edge detection signal EMP from the output terminal thereof. 
The pulse width of the edge detection signal EMP is equal 
to the delay time of the non-inverting buffer circuit 10, and 
the delay time can be set appropriately. If the non-inverting 
buffer circuit 10 is composed by an even-number stages of 
inverter circuits, then the delay time can be changed by 
changing the number of Stages that operate. 
0037. The switch means 13 includes a CMOS-type 
inverter circuit 14 and a P-channel MOS transistor P1. The 
Source terminal of the P-channel MOS transistor P1 is 
connected to the high-potential power Supply VDD, the 
drain terminal of the P-channel MOS transistor P1 is con 
nected to one end of the constant-current Source 12, and the 
gate terminal of the P-channel MOS transistor P1 is con 
nected to the output terminal of the inverter circuit 14. The 
input terminal of the inverter circuit 14 is connected to the 
output terminal of the exclusive-OR gate 11 Serving as the 
output terminal of the edge detecting circuit 9. The P-chan 
nel MOS transistor P1 is turned on when the edge detection 
signal EMP at the VDD level (the logic H level) is input. The 
other end of the constant-current Source 12 Serially con 
nected to the Switch means 13 is connected to the drain 
terminal of the N-channel MOS transistor N1 and to the 
drain terminal of the N-channel MOS transistor N3. 

0038. The source of an N-channel MOS transistor N5 
Serving as Switch means 16 is connected to the low-potential 
power supply VSS, the drain of the N-channel MOS tran 
sistor N5 is connected to one end of the constant-current 
Source 15 and the gate terminal of the N-channel MOS 
transistor N5 is connected to the output terminal of the 
exclusive-OR gate 11. The N-channel MOS transistor N5 is 
turned on when the edge detection signal EMP at the VDD 
level (the logic H level) is input. The other end of the 
constant-current Source 15 Serially connected to the Switch 
means 16 is connected to the Source terminal of the N-chan 
nel MOS transistor N2 and to the Source terminal of the 
N-channel MOS transistor N4. 

0039 FIG. 2 is a circuit diagram illustrating a transmis 
Sion circuit having the transmitter circuit according to this 
embodiment. As shown in FIG. 2, the transmission circuit 
includes a transmitter circuit 43 according to this embodi 
ment, a balanced transmission line 44, which comprises a 
pair of lines, connected at one end to the non-inverting 
output terminal 2 and to the inverting output terminal 3 of 
the transmitter circuit 43, and a receiver circuit 45 connected 
to the other end of the transmission line 44. The receiver 
circuit 45 includes a terminating resistor RL connected to the 
other end of the transmission line 44, and a differential-type 
Voltage comparator CMP having a non-inverted input ter 
minal and an inverting input terminal connected to respec 
tive ones of the two ends of the terminating resistor RL. The 
Voltage comparator CMP recognizes Signal logic by dis 
criminating the Voltage across the terminating resistor RL. 
The transmission line 44, which comprises aluminum or 
copper conductor on the glass Substrate of a matrix display 
panel, has a high resistance component. The non-inverting 
output terminal 2 has a parasitic capacitance CO1 with 
respect to the low-potential power Supply VSS, the inverting 
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output terminal 3 a parasitic capacitance CO2 with respect 
to the low-potential power Supply VSS, the non-inverting 
terminal of the receiver circuit 45 a parasitic capacitance CI1 
with respect to the low-potential power supply VSS, and the 
inverting terminal of the receiver circuit 45 a parasitic 
capacitance CI2 with respect to the low-potential power 
supply VSS. 

0040. With regard to the transmitter circuit 43, the 
CMOS-level non-inverted input data signal that enters the 
input terminal 1 is applied to the gate terminal of the 
N-channel MOS transistor N1 and to the gate terminal of the 
N-channel MOS transistor N4. An inverted input data signal, 
which is a result of the non-inverted input data Signal being 
inverted by the CMOS-type inverter circuit 5, is applied to 
the gate terminal of the N-channel MOS transistor N2 and to 
the gate terminal of the N-channel MOS transistor N3. 

0041) The N-channel MOS transistor N1, in response to 
input of the non-inverted input data Signal, Switches to pass 
the current from the high-potential power supply VDD to the 
non-inverting output terminal 2; the N-channel MOS tran 
Sistor N3, in response to input of the inverted input data 
Signal, Switches to pass the current from the high-potential 
power supply VDD to the inverting output terminal 3; the 
N-channel MOS transistor N4, in response to input of the 
non-inverted input data Signal, Switches to pass the current 
from the inverting output terminal 3 to the low-potential 
power supply VSS; and the N-channel MOS transistor N2, 
in response to input of the non-inverted input data signal, 
Switches to pass the current from the non-inverting output 
terminal 2 to the low-potential power supply VSS. 

0042. When the non-inverted input data signal is at the 
VDD level serving as logic H, the N-channel MOS transis 
tors N1 and N4 turn on, the N-channel MOS transistors N2 
and N3 turn off, loop signal current flows from the constant 
current Source 6 to the constant-current Source 7 via the 
N-channel MOS transistor N1, non-inverting output termi 
nal 2, transmission line 44, terminating resistor RL, trans 
mission line 44, inverting output terminal 3 and N-channel 
MOS transistor N4, and the receiver circuit 45 recognizes 
the logic H level. 

0043. When the non-inverted input data signal is at the 
VSS level serving as logic L, the N-channel MOS transistors 
N1 and N4 turn off, the N-channel MOS transistors N2 and 
N3 turn on, loop signal current in the opposite direction 
flows from the constant-current Source 6 to the constant 
current source 7 via the N-channel MOS transistor N3, 
non-inverting output terminal 3, transmission line 44, ter 
minating resistor RL, transmission line 44, non-inverting 
output terminal 2 and N-channel MOS transistor N2, and the 
receiver circuit recognizes the logic L level. 

0044 Operation according to the first embodiment will 
be described next. FIG. 3 is a diagram useful in describing 
the operation of the transmitter circuit according to the first 
embodiment in the transmission circuit illustrated in FIG. 2. 
In FIG. 3, a waveform VI indicates the non-inverted input 
data Signal applied to the input terminal 1, a waveform V2 
the edge detection signal EMP that is output from the output 
terminal of the exclusive-OR gate 11, a waveform V3 the 
differential output Voltage acroSS the non-inverting output 
terminal 2 and inverting output terminal 3, a waveform V4 
the Voltage across the terminating resistor RL, and a wave 
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form V5 the voltage across the terminating resistor RL when 
Signal transmission is performed by the prior-art transmitter 
circuit illustrated in FIG. 11. 

004.5 First, when the non-inverted input data signal 
applied to the input terminal 1 does not change, the edge 
detection signal EMP remains at the VSS level (the logic L 
level) and the VDD-level (H-level) edge detection signal 
EMP is not output. When the non-inverted input data signal 
is at the VDD level (logic H level), therefore, loop signal 
current flows from the constant-current Source 6 to the 
constant-current Source 7 via the N-channel MOS transistor 
N1, non-inverting output terminal 2, transmission line 44, 
terminating resistor RL, transmission line 44, inverting 
output terminal 3 and N-channel MOS transistor N4. When 
the non-inverted input data signal is at the VSS level (logic 
L level), oppositely directed loop signal current flows from 
the constant-current Source 6 to the constant-current Source 
7 via the N-channel MOS transistor N3, inverting output 
terminal 3, transmission line 44, terminating resistor RL, 
transmission line 44, non-inverting output terminal 2 and 
N-channel MOS transistor N2. As a result, the differential 
output voltage acroSS the non-inverting output terminal 2 
and inverting output terminal 3 has a Voltage amplitude in 
the Steady State. 
0046) Next, if the non-inverted input data signal changes 
from the VSS level (logic L level) to the VDD level (logic 
H level), then loop signal current flows from the constant 
current Source 6 to the constant-current Source 7 via the 
N-channel MOS transistor N1, non-inverting output termi 
nal 2, transmission line 44, terminating resistor RL, trans 
mission line 44, inverting output terminal 3 and N-channel 
MOS transistor N4. However, the edge detecting circuit 9 
detects the rising edge of the waveform of the non-inverted 
input data Signal and outputs the edge detection Signal EMP 
at the VDD level (the logic H level). As a result, the Switch 
means 13 turns on, the current of the constant-current Source 
12 is added to the current of the constant-current Source 6, 
the Switch means 16 also turns on, the current of the 
constant-current Source 15 is added to the current of the 
constant-current Source 7 and the loop signal current 
increases. When a time equivalent to the pulse width of the 
edge detection Signal EMP elapses from the timing of the 
rising edge of the waveform of the non-inverted input data 
Signal, the Switch means 13 and 16 turn off again and the 
Steady State is attained. Accordingly, the differential output 
Voltage acroSS the non-inverting output terminal 2 and 
inverting output terminal 3 takes on a signal waveform 
whose Voltage amplitude becomes large temporarily in 
comparison with the Steady State for a period of time 
equivalent to the pulse width of the edge detection Signal 
EMP measured from the timing of the rising edge of the 
waveform of the non-inverted input data Signal. 
0047 Conversely, if the non-inverted input data signal 
changes from the VDD level (logic H level) to the VSS level 
(logic L level), then oppositely directed loop signal current 
flows from the constant-current Source 6 to the constant 
current source 7 via the N-channel MOS transistor N3, 
inverting output terminal 3, transmission line 44, terminat 
ing resistor RL, transmission line 44, non-inverting output 
terminal 2 and N-channel MOS transistor N2. However, the 
edge detecting circuit 9 detects the falling edge of the 
waveform of the non-inverted input data Signal and outputs 
the edge detection signal EMP at the VDD level (the logic 
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H level). As a result, the Switch means 13 turns on, the 
current of the constant-current Source 12 is added to the 
current of the constant-current Source 6, the Switch means 16 
also turns on, the current of the constant-current Source 15 
is added to the current of the constant-current Source 7 and 
the loop signal current increases. When a time equivalent to 
the pulse width of the edge detection signal EMP elapses 
from the timing of the falling edge of the waveform of the 
non-inverted input data Signal, the Switch means 13 and 
Switch means 16 turn off again and the Steady State is 
attained. Accordingly, the differential output Voltage acroSS 
the non-inverting output terminal 2 and inverting output 
terminal 3 takes on a waveform whose Voltage amplitude 
becomes large temporarily in comparison with the Steady 
State for a period of time equivalent to the pulse width of the 
edge detection signal EMP measured from the timing of the 
falling edge of the waveform of the non-inverted input data 
Signal. 
0.048. The pulse width of the edge detection signal EMP 
is Set in accordance with the relationship among the resis 
tance value of the aluminum or copper conductor, the 
parasitic capacitors CO1, CO2, CI1 and CI2 and the current 
values of the constant-current Source 12 and constant 
current Source 15 in Such a manner that the Voltage acroSS 
the terminating resistor RL will take on an excellent wave 
form. 

0049 Accordingly, as indicated by waveform V4 in FIG. 
3, the Voltage acroSS the terminating resistor RL becomes an 
excellent waveform exhibiting rapid rise and fall that follow 
up well the non-inverted input data Signal. By contrast, the 
prior-art transmitter circuit illustrated in FIG. 11 does not 
possess the output-waveform control circuit 8. Conse 
quently, as indicated a V5 in FIG. 3, the waveform becomes 
rounded or blunted and excellent Signal transmission cannot 
be achieved. 

0050 AS described above, the transmitter circuit accord 
ing to the first embodiment of the present invention is 
provided with the output-waveform control circuit 8 and is 
adapted So as to increase the output Signal amplitude tem 
porarily from the edge of the input data Signal waveform. AS 
a result, even if the transmission line has a high resistance 
component as in the case of aluminum or copper conductor 
on a glass Substrate, blunting of the Signal at the input end 
of the receiver circuit is reduced and it becomes possible to 
achieve high-speed Signal transmission. 
0051 FIG. 4 is a circuit diagram illustrating a transmitter 
circuit according to a Second embodiment of the present 
invention. Structurally, the transmitter circuit according to 
the second embodiment of FIG. 4 differs from the trans 
mitter circuit according to the first embodiment of FIG. 1 
only in that the output-waveform control circuit 8 is modi 
fied to an output-waveform control circuit 17. The two 
transmitter circuits are structurally identical in all other 
respects. Components in FIG. 4 identical with those shown 
in FIG. 1 are designated by like reference characters and 
need not be described again. 
0.052 As shown in FIG. 4, the transmitter circuit accord 
ing to the Second embodiment includes the input terminal 1, 
non-inverting output terminal 2, inverting output terminal 3, 
driver circuit 4 and output-waveform control circuit 17. 
0053. The output-waveform control circuit 17 includes 
CMOS-type inverter circuits 18 and 20 and capacitors 19 
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and 21. The input terminal of the inverter circuit 20 is 
connected to the input terminal 1 and has the non-inverted 
input data Signal applied thereto. One end of the capacitor 21 
is connected to the output terminal of the inverter circuit 20 
and the other end of the capacitor 21 is connected to the 
inverting output terminal 3. The input terminal of the 
inverter circuit 18 is connected to the output terminal of the 
inverter circuit 5 and has the inverted input data Signal 
applied thereto. One end of the capacitor 19 is connected to 
the output terminal of the inverter circuit 18 and the other 
end of the capacitor 19 is connected to the non-inverting 
output terminal 2. 

0054 The capacitor 21 differentiates the output voltage 
of the inverter circuit 20 and applies the resultant Signal to 
the inverting output terminal 3, and the capacitor 19 differ 
entiates the output voltage of the inverter circuit 18 and 
applies the resultant Signal to the non-inverting output 
terminal 2. 

0055 Operation according to the second embodiment 
will be described next. FIG. 5 is a diagram useful in 
describing the operation of the transmitter circuit according 
to the Second embodiment in the transmission circuit illus 
trated in FIG. 2. In FIG. 5, the waveform VI indicates the 
non-inverted input data Signal applied to the input terminal 
1, a waveform V6 the differential output voltage across the 
non-inverting output terminal 2 and inverting output termi 
nal 3, and a waveform V7 the Voltage acroSS the terminating 
resistor RL. 

0056 First, when the non-inverted input data signal 
applied to the input terminal 1 does not change and is at the 
VDD level (the logic H level), loop signal current flows 
from the constant-current Source 6 to the constant-current 
Source 7 via the N-channel MOS transistor N1, non-invert 
ing output terminal 2, transmission line 44, terminating 
resistor RL, transmission line 44, inverting output terminal 
3 and N-channel MOS transistor N4. When the non-inverted 
input data signal is at the VSS level (logic L level), oppo 
Sitely directed loop Signal current flows from the constant 
current Source 6 to the constant-current Source 7 via the 
N-channel MOS transistor N3, inverting output terminal 3, 
transmission line 44, terminating resistor RL, transmission 
line 44, non-inverting output terminal 2 and N-channel MOS 
transistor N2. As a result, the differential output voltage 
acroSS the non-inverting output terminal 2 and inverting 
output terminal 3 has a Voltage amplitude in the Steady State. 

0057 Next, if the non-inverted input data signal changes 
from the VSS level (logic L level) to the VDD level (logic 
H level), then loop signal current flows from the constant 
current Source 6 to the constant-current Source 7 via the 
N-channel MOS transistor N1, non-inverting output termi 
nal 2, transmission line 44, terminating resistor RL, trans 
mission line 44, inverting output terminal 3 and N-channel 
MOS transistor N4. However, the inverter circuit 20 detects 
the rising edge of the waveform of the non-inverted input 
data Signal and a Voltage that is the result of differentiating 
the output voltage of the inverter circuit 20 by the capacitor 
21 is added to the Voltage at the inverting output terminal 3. 
At the same time, the inverter circuit 18 detects the falling 
edge of the waveform of the inverted input data Signal and 
a voltage that is the result of differentiating the output 
voltage of the inverter circuit 18 by the capacitor 19 is added 
to the Voltage at the non-inverting output terminal 2, 
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whereby the loop signal current is increased. Accordingly, 
the differential output Voltage acroSS the non-inverting out 
put terminal 2 and inverting output terminal 3 takes on a 
waveform whose Voltage amplitude becomes large tempo 
rarily in comparison with the Steady State from the timing of 
the rising edge of the waveform of the non-inverted input 
data Signal. 

0.058 Conversely, if the non-inverted input data signal 
changes from the VDD level (logic H level) to the VSS level 
(logic L level), then oppositely directed loop signal current 
flows from the constant-current Source 6 to the constant 
current source 7 via the N-channel MOS transistor N3, 
inverting output terminal 3, transmission line 44, terminat 
ing resistor RL, transmission line 44, non-inverting output 
terminal 2 and N-channel MOS transistor N2. However, the 
inverter circuit 20 detects the falling edge of the waveform 
of the non-inverted input data Signal and a Voltage that is the 
result of differentiating the output Voltage of the inverter 
circuit 20 by the capacitor 21 is added to the voltage at the 
inverting output terminal 3. At the same time, the inverter 
circuit 18 detects the rising edge of the waveform of the 
inverted input data Signal and a Voltage that is the result of 
differentiating the output voltage of the inverter circuit 18 by 
the capacitor 19 is added to the Voltage at the non-inverting 
output terminal 2, whereby the loop signal current is 
increased. Accordingly, the differential output voltage acroSS 
the non-inverting output terminal 2 and inverting output 
terminal 3 takes on a waveform whose Voltage amplitude 
becomes large temporarily in comparison with the steady 
State from the timing of the falling edge of the waveform of 
the non-inverted input data Signal. 

0059. The capacitance values of the capacitors 19 and 21 
are Set in accordance with the relationship among the 
resistance value of the aluminum or copper conductor and 
the parasitic capacitors CO1, CO2, CI1 and CI2 (see FIG. 
2) in Such a manner that the Voltage across the terminating 
resistor RL will take on an excellent waveform. 

0060 Accordingly, as indicated by waveform V7 in FIG. 
5, the Voltage acroSS the terminating resistor RL becomes an 
excellent waveform exhibiting rapid rise and fall that follow 
up well the non-inverted input data Signal. 

0061. In accordance with the transmitter circuit of the 
Second embodiment, as described above, the edge of the 
waveform of the non-inverted input data Signal is detected 
by the inverter circuit 20 and a voltage that is the result of 
differentiating the output voltage of the inverter circuit 20 is 
added to the Voltage at the inverting output terminal 3. At the 
Same time, the edge of the non-inverted input data Signal is 
detected by the inverter circuit 18 and a voltage that is the 
result of differentiating the output Voltage of the inverter 
circuit 18 is added to the Voltage at the non-inverting output 
terminal 2. Accordingly, effects Similar to these of the first 
embodiment are obtained by circuitry of a Scale Smaller than 
that of the transmitter circuit of the first embodiment. 

0.062 FIG. 6 is a circuit diagram illustrating a transmitter 
circuit according to a third embodiment of the present 
invention. As illustrated in FIG. 6, the transmitter circuit 
according to the third embodiment includes the input ter 
minal 1, the non-inverting output terminal 2, the inverting 
output terminal 3, a driver circuit 22 and an output-wave 
form control circuit 36. 
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0063) The driver circuit 22 includes a CMOS-type 
inverter circuit 23, potential dividing circuits 24 and 27 and 
Switch means 25, 26, 28 and 29. 
0064. The potential dividing circuit 24 has resistors R1, 
R2 and R3 connected serially between the high-potential 
power Supply VDD and low-potential power supply VSS for 
generating a potential-divided voltage VH (high level) from 
the connection node of the resistors R1 and R2 and a 
potential-divided voltage VL (low level), which is lower 
than the potential-divided voltage VH, from the connection 
node of the resistors R2 and R3. 

0065 Similarly, the potential dividing circuit 27 has 
resistors R4, R5 and R6 connected serially between the 
high-potential power Supply VDD and low-potential power 
supply VSS for generating a potential-divided voltage VH 
(high level) from the connection node of the resistors R4 and 
R5 and a potential-divided voltage VL (low level), which is 
lower than the potential-divided voltage VH, from the 
connection node of the resistors R5 and R6. 

0066. The switch means 25 includes an N-channel MOS 
transistor N6 and a P-channel MOS transistor P2 and is a 
transfer gate obtained by connecting the Source-drain line of 
the N-channel MOS transistor N6 in parallel with the 
Source-drain line of the P-channel MOS transistor P2. The 
potential-divided voltage VH from the potential dividing 
circuit 24 is applied to one end of the Switch means 25; the 
other end of the Switch means 25 is connected to the 
non-inverting output terminal 2. 
0067. The switch means 26 includes an N-channel MOS 
transistor N7 and a P-channel MOS transistor P3 and is a 
transfer gate obtained by connecting the Source-drain line of 
the N-channel MOS transistor N7 in parallel with the 
Source-drain line of the P-channel MOS transistor P3. The 
potential-divided voltage VL from the potential dividing 
circuit 24 is applied to one end of the Switch means 26; the 
other end of the Switch means 26 is connected to the 
non-inverting output terminal 2. 
0068 The input terminal 1 is connected to the gate 
terminal of the N-channel MOS transistor N6, the gate 
terminal of the P-channel MOS transistor P3 and the input 
terminal of the inverter circuit 23. The output terminal of the 
inverter circuit 23 is connected to the gate terminal of the 
P-channel MOS transistor P1 and to the gate terminal of the 
N-channel MOS transistor N7. The Switch means 25 and 26 
select the potential-divided voltage VH and output it to the 
non-inverting output terminal 2 when the CMOS-level non 
inverted input data Signal that enters the input terminal 1 is 
at the VDD level (the logic H level), and select the potential 
divided Voltage VL and output it to the non-inverting output 
terminal 2 when the non-inverted input data is at the VSS 
level (the logic L level). 
0069. The switch means 28 includes an N-channel MOS 
transistor N8 and a P-channel MOS transistor P4 and is a 
transfer gate obtained by connecting the Source-drain line of 
the N-channel MOS transistor N8 in parallel with the 
Source-drain line of the P-channel MOS transistor P4. The 
potential-divided voltage VH from the potential dividing 
circuit 27 is applied to one end of the Switch means 28; the 
other end of the Switch means 28 is connected to the 
inverting output terminal 3. 
0070 The switch means 29 includes an N-channel MOS 
transistor N9 and a P-channel MOS transistor P5 and is a 
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transfer gate obtained by connecting the Source-drain line of 
the N-channel MOS transistor N8 in parallel with the 
Source-drain line of the P-channel MOS transistor P5. The 
potential-divided voltage VL from the potential dividing 
circuit 27 is applied to one end of the Switch means 29; the 
other end of the Switch means 28 is connected to the 
inverting output terminal 3. 

0071. The input terminal 1 is connected to the gate 
terminal of the P-channel MOS transistor P4 and to the gate 
terminal of the N-channel MOS transistor N9, and the output 
terminal of the inverter circuit 23 is connected to the gate 
terminal of the N-channel MOS transistor N8 and to the gate 
terminal of the P-channel MOS transistor P5. The Switch 
means 28 and 29 select the potential-divided voltage VL and 
output it to the inverting output terminal 3 when the CMOS 
level non-inverted input data Signal that enters the input 
terminal 1 is at the VDD level (the logic H level), and select 
the potential-divided voltage VH and output it to the invert 
ing output terminal 3 when the non-inverted input data is at 
the VSS level (the logic L level). 
0.072 The output-waveform control circuit 36 includes 
an edge detecting circuit 30 and Switch means 37, 39, 40 and 
42. 

0073. The edge detecting circuit 30 includes a CMOS 
type non-inverting buffer circuit 31, a CMOS-type exclu 
sive-OR gate 32, a CMOS-type inverter circuit 33 and 
CMOS-type AND gates 34 and 35. An input terminal of the 
non-inverting buffer circuit 31, a first input terminal of the 
exclusive-OR gate 32, the input terminal of the inverter 
circuit 33 and a first input terminal of the AND gate 34 are 
tied together and connected to the input terminal 1 as the 
input terminal of the edge detecting circuit 30. The output 
terminal of the non-inverting buffer circuit 31 is connected 
to a second input terminal of the exclusive-OR gate 32. The 
output terminal of the exclusive-OR gate 32 is connected to 
a second input terminal of the AND gate 34 and to a second 
input terminal of the AND gate 35. The output terminal of 
the inverter circuit 33 is connected to a first input terminal 
of the AND gate 35. The edge detecting circuit 30 detects the 
rising edge of the waveform of the non-inverted input data 
Signal that enters the input terminal 1, thereby outputting the 
edge detection signal EMP (UP) from the output terminal of 
the AND gate 34. The edge detecting circuit 30 detects the 
falling edge of the waveform of the non-inverted input data 
Signal, thereby outputting the edge detection signal EMP 
(DN) from the output terminal of the AND gate 35. The 
pulse width of the edge detection signals EMP (UP) and 
EMP (DN) is equal to the delay time of the non-inverting 
buffer circuit 31. This delay time can be set appropriately. If 
the non-inverting buffer circuit 31 is constructed from an 
even-number of inverter circuit Stages, then the delay time 
can be changed by changing the number of Stages that 
operate. 

0074 The switch means 37 includes a CMOS-type 
inverter circuit 38 and a P-channel MOS transistor P6. The 
Source terminal of the P-channel MOS transistor P6 is 
connected to the high-potential power Supply VDD, the 
drain terminal of the P-channel MOS transistor P6 is con 
nected to the inverting output terminal 3, the gate terminal 
of the P-channel MOS transistor P6 is connected to the 
output terminal of the inverter circuit 38, and the input 
terminal of the inverter circuit 38 is connected to the output 
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terminal of the AND gate 35. The P-channel MOS transistor 
P6 is turned on when the edge detection signal EMP (DN) 
at the VDD level (the logic H level) is input, thereby pulling 
up the inverting output terminal 3 toward the high-potential 
power supply VDD. 
0075) The switch means 40 includes a CMOS-type 
inverter circuit 41 and a P-channel MOS transistor P7. The 
Source terminal of the P-channel MOS transistor P7 is 
connected to the high-potential power Supply VDD, the 
drain terminal of the P-channel MOS transistor P7 is con 
nected to the non-inverting output terminal 2, the gate 
terminal of the P-channel MOS transistor P7 is connected to 
the output terminal of the inverter circuit 41, and the input 
terminal of the inverter circuit 41 is connected to the output 
terminal of the AND gate 34. The P-channel MOS transistor 
P7 is turned on when the edge detection signal EMP (UP) at 
the VDD level (the logic H level) is input, thereby pulling up 
the non-inverting output terminal 2 toward the high-poten 
tial power supply VDD. 
0076) The source of an N-channel MOS transistor N10 
Serving as Switch means 39 is connected to the low-potential 
power supply VSS, the drain of the N-channel MOS tran 
sistor N10 is connected to the inverting output terminal 3, 
and the gate terminal of the N-channel MOS transistor N10 
is connected to the output terminal of the AND gate 34. The 
N-channel MOS transistor N10 is turned on when the edge 
detection signal EMP (UP) at the VDD level (the logic H 
level) is input, thereby pulling down the inverting output 
terminal 3 toward the low-potential power supply VSS. 
0077. The source of an N-channel MOS transistor N11 
Serving as Switch means 42 is connected to the low-potential 
power supply VSS, the drain of the N-channel MOS tran 
Sistor N11 is connected to the non-inverting output terminal 
2, and the gate terminal of the N-channel MOS transistor 
N11 is connected to the output terminal of the AND gate 35. 
The N-channel MOS transistor N11 is turned on when the 
edge detection signal EMP (DN) at the VDD level (the logic 
H level) is input, thereby pulling down the non-inverting 
output terminal 2 toward the low-potential power Supply 
VSS. 

0078 Operation according to the third embodiment will 
be described next. FIG. 7 is a diagram useful in describing 
the operation of the transmitter circuit according to the third 
embodiment in the transmission circuit illustrated in FIG. 2. 
In FIG. 7, waveform VI indicates the non-inverted input 
data Signal applied to the input terminal 1, a waveform V8 
the edge detection signal EMP (UP) that is output from the 
output terminal of the AND gate 34, a waveform V9 the edge 
detection signal EMP (DN) that is output from the output 
terminal of the AND gate 35, a waveform V11 the differ 
ential output voltage acroSS the non-inverting output termi 
nal 2 and inverting output terminal 3, and a waveform V11 
the Voltage across the terminating resistor RL. 
0079 First, when the non-inverted input data signal 
applied to the input terminal 1 does not change, the edge 
detection signal EMP (UP) and the edge detection signal 
EMP (DN) remain at the VSS level (the logic L level) and 
the VDD-level (H-level) edge detection signal EMP (UP) or 
edge detection signal EMP (DN) is not output. When the 
non-inverted input data signal is at the VDD level (logic H 
level), therefore, the potential-divided voltage VH is output 
to the non-inverting output terminal 2 and the potential 
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divided Voltage VL is output to the inverting output terminal 
3. Accordingly, loop Signal current flows from the non 
inverting output terminal 2 to the inverting output terminal 
3 via the transmission line 44, terminating resistor RL and 
transmission line 44. When the non-inverted input data 
signal is at the VSS level (logic L level), the potential 
divided voltage VH is output to the inverting output terminal 
3 and the potential-divided voltage VL is output to the 
non-inverting output terminal 2. Accordingly, loop signal 
current flows from the inverting output terminal 3 to the 
non-inverting output terminal 2 via the transmission line 44, 
terminating resistor RL and transmission line 44. As a result, 
the differential output Voltage acroSS the non-inverting out 
put terminal 2 and inverting output terminal 3 has a Voltage 
amplitude in the Steady State. 
0080 Next, if the non-inverted input data signal changes 
from the VSS level (logic L level) to the VDD level (logic 
H level), the potential-divided voltage VH is output to the 
non-inverting output terminal 2 and the potential-divided 
Voltage VL is output to the inverting output terminal 3. 
Accordingly, loop signal current flows from the non-invert 
ing output terminal 2 to the inverting output terminal 3 via 
the transmission line 44, terminating resistor RL and trans 
mission line 44. However, the edge detecting circuit 30 
detects the rising edge of the waveform of the non-inverted 
input data signal and outputs the VDD-level (logic H level) 
edge detection signal EMP (UP). As a result, the Switch 
means 39 turns on and the inverting output terminal 3 is 
pulled down. Further, the Switch means 40 also turns on and 
the non-inverting output terminal 2 is pulled up. Hence the 
differential output Voltage acroSS the non-inverting output 
terminal 2 and inverting output terminal 3 increases, thereby 
increasing the loop Signal current. When a time equivalent to 
the pulse width of the edge detection signal EMP (UP) 
elapses from the timing of the rising edge of the waveform 
of the non-inverted input data signal, the Switch means 39 
and 40 turn off again and the Steady State is attained. 
Accordingly, the differential output Voltage across the non 
inverting output terminal 2 and inverting output terminal 3 
takes on a signal waveform whose Voltage amplitude 
becomes large temporarily in comparison with the Steady 
State for a period of time equivalent to the pulse width of the 
edge detection signal EMP (UP) measured from the timing 
of the rising edge of the waveform of the non-inverted input 
data Signal. 
0.081 Conversely, if the non-inverted input data signal 
changes from the VDD level (logic H level) to the VSS level 
(logic L level), then the potential-divided voltage VH is 
output to the inverting output terminal 3 and the potential 
divided Voltage VL is output to the non-inverting output 
terminal 2. Accordingly, loop signal current flows from the 
inverting output terminal 3 to the non-inverting output 
terminal 2 via the transmission line 44, terminating resistor 
RL and transmission line 44. However, the edge detecting 
circuit 30 detects the falling edge of the waveform of the 
non-inverted input data signal and outputs the VDD-level 
(logic H level) edge detection signal EMP (DN). As a result, 
the Switch means 39 turns on and the inverting output 
terminal 3 is pulled up. Further, the Switch means 42 also 
turns on and the non-inverting output terminal 2 is pulled 
down. Hence the differential output Voltage acroSS the 
non-inverting output terminal 2 and inverting output termi 
nal 3 increases, thereby increasing the loop Signal current. 
When a time equivalent to the pulse width of the edge 
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detection signal EMP (DN) elapses from the timing of the 
falling edge of the waveform of the non-inverted input data 
Signal, the Switch means 37 and 42 turn off again and the 
Steady State is attained. Accordingly, the differential output 
Voltage acroSS the non-inverting output terminal 2 and 
inverting output terminal 3 takes on a signal waveform 
whose Voltage amplitude becomes large temporarily in 
comparison with the Steady State for a period of time 
equivalent to the pulse width of the edge detection Signal 
EMP (DN) measured from the timing of the falling edge of 
the waveform of the non-inverted input data Signal. 
0082 The pulse width of the edge detection signals EMP 
(UP) and EMP (DN) is set in accordance with the relation 
ship among the resistance value of the aluminum or copper 
conductor, and the parasitic capacitorS CO1, CO2, CI1 and 
CI2 in Such a manner that the Voltage acroSS the terminating 
resistor RL will take on an excellent waveform. 

0083. Accordingly, as indicated by waveform V11 in 
FIG. 7, the voltage across the terminating resistor RL 
becomes an excellent waveform exhibiting rapid rise and 
fall that follow up well the non-inverted input data Signal. 
0084. It should be noted that since the transmitter circuit 
according to this embodiment is of the Voltage-output type, 
Signal transmission based upon a differential Voltage Signal 
rather than a loop current can be achieved without connect 
ing the terminating resistor RL. 

0085. In accordance with the transmitter circuit accord 
ing to the third embodiment of the invention, as described 
above, effects similar to those of the transmitter circuit of the 
first embodiment are obtained. Since the transmitter circuit 
is of the Voltage-output type, Signal transmission can be 
performed without connecting the terminating resistor RL 
and a further effect obtained is that a limitation on dynamic 
range can be reduced. 
0086 FIG. 8 is a circuit diagram illustrating a transmitter 
circuit according to a fourth embodiment of the present 
invention. Structurally, the transmitter circuit according to 
the fourth embodiment of FIG. 8 differs from the transmitter 
circuit according to the third embodiment of FIG. 6 only in 
that the output-waveform control circuit 36 in the transmitter 
circuit of the third embodiment shown in FIG. 6 is replaced 
with the output-waveform control circuit 17 of the trans 
mitter circuit according to the Second embodiment shown in 
FIG. 4. The two transmitter circuits are structurally identical 
in all other respects. Components in FIG. 8 identical with 
those shown in FIGS. 4 and 6 are designated by like 
reference characters and need not be described again. 

0087 As shown in FIG. 8, the transmitter circuit accord 
ing to the fourth embodiment includes the input terminal 1, 
non-inverting output terminal 2, inverting output terminal 3, 
driver circuit 22 and output-waveform control circuit 17. 

0088. In accordance with the transmitter circuit of the 
fourth embodiment, as described above, effects similar to 
these of the third embodiment are obtained by circuitry of a 
Scale Smaller than that of the transmitter circuit of the third 
embodiment. 

0089 FIG. 9 is a block diagram of driver units according 
to a fifth embodiment of the present invention. Specifically, 
two source driver LSI chips 46 serving as the driver units 
according to this embodiment are connected in cascade. 
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Further, FIG. 10 is a diagram illustrating the structure of a 
matrix display panel having driver units according to this 
embodiment. As illustrated in FIG. 10, a timing controller 
LSI chip 51 and a plurality of Source driver LSI chips 46 are 
mounted directly on a glass substrate 50 of a matrix display 
panel of a TFT liquid crystal device, organic EL display 
device or plasma display device. The timing controller LSI 
chip 51 and the source driver LSI chips 46 perform trans 
mission of grayScale data Signals, and the plurality of Source 
driver LSI chips 46 perform transmission of grayScale data 
Signals in cascade. Transmission is via a transmission line 
consisting of aluminum or copper conductor formed on the 
glass Substrate 50 by the manufacturing process of the 
matrix display panel. If the matrix display panel has, e.g., 
1024 columns, then eight of the source driver LSI chips 46 
each having 128 columns would be connected in cascade. 
0090. As shown in FIG.9, each source driver LSI chip 46 
includes the transmitter circuit 43, the receiver circuit 45, a 
shift register 47, a latch circuit 48 and a data-line driver 
circuit 49. The transmitter circuit 43 is any one of the 
transmitter circuit of the first embodiment shown in FIG. 1, 
the transmitter circuit of the Second embodiment shown in 
FIG. 4, the transmitter circuit of the third embodiment 
shown in FIG. 6 or the transmitter circuit of the fourth 
embodiment shown in FIG. 8. Further, the transmitter 
circuit 43, receiver circuit 45 and the transmission line 44 
between the transmitter circuit 43 and the receiver circuit 45 
constitute the transmission circuit shown in FIG. 2. The 
transmission line 44 connected to the input terminal of the 
receiver circuit 45 from the preceding Stage, the output 
terminal of the receiver circuit 45 is connected to the serial 
input terminal of the shift register 47, and the serial output 
terminal of the shift register 47 is connected to the input 
terminal 1 of the transmitter circuit 43. 

0091) When the timing controller LSI chip 51 stores one 
frame of image data in a frame memory, the timing control 
ler LSI chip 51 successively inputs one horizontal line of 
grayScale data, which is for driving a data line of the matrix 
display panel, to cascade-connected shift registerS 47 via the 
transmitter circuit 43, transmission line 44 and receiver 
circuit 45 while applying a shift clock to each of the Source 
driver LSI chips 46. When 128 columns of grayscale data is 
Stored in the Shift register 47, the grayScale data is trans 
ferred to the latch circuit 48 in response to a control Signal 
from the timing controller LSI chip 51. Furthermore, analog 
driving Voltage corresponding to the grayScale data held in 
the latch circuit 48 is sent from the data-line driver circuit 49 
to the data line (source line of the TFT) of the matrix display 
panel, whereby a display is presented. 

0092. In accordance with the drive unit of the fifth 
embodiment, as described above, the drive unit is provided 
with the transmitter circuit 43 connected to the serial output 
terminal of one shift register 47, and the receiver circuit 45 
connected to the serial input terminal of the other shift 
register 47. As a result, even though the source driver LSI 
chips 46 and timing controller LSI chip 51 are mounted on 
the glass Substrate 50 of the matrix display panel and Signal 
transmission is performed by high-resistance aluminum or 
copper conductor formed on the glass Substrate 50, blunting 
or rounding of the Signal waveform at the input terminal of 
the receiver circuit 45 is reduced, thereby making it possible 
to perform high-speed transmission of a grayScale data 
Signal. 
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0093. It should be noted that although the driver circuit in 
the transmitter circuit according to the first and Second 
embodiments relies upon N-channel MOS transistors, these 
can be replaced with P-channel MOS transistors. 
0094) Further, the non-inverting buffer for delay in the 
transmitter circuit according to the first and third embodi 
ments may be adapted So as to latch the non-inverted input 
data Signal by a delay clock. 
0095 The meritorious effects of the present invention are 
Summarized as follows. 

0096) The effect of the present invention is that it is 
possible to implement a transmitter circuit, transmission 
circuit and driver unit in which even if a transmission line 
has a high resistance component, as is the case with alumi 
num or copper conductor formed on a glass Substrate, 
blunting or rounding of the Signal waveform at the input 
terminal of the receiver circuit is reduced, thereby making it 
possible to perform high-speed signal transmission. 
0097 AS many apparently widely different embodiments 
of the present invention can be made without departing from 
the Spirit and Scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 
0098. It should be noted that other objects, features and 
aspects of the present invention will become apparent in the 
entire disclosure and that modifications may be done without 
departing the gist and Scope of the present invention as 
disclosed herein and claimed as appended here with. 
0099 Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items 
may fall under the modifications aforementioned. 

What is claimed is: 
1. A transmitter circuit comprising: 

a driver circuit having a non-inverting output terminal and 
an inverting output terminal for outputting a signal 
current, which has a loop direction that changes based 
upon an input signal, to the non-inverting output ter 
minal and inverting output terminal; and 

an output-waveform control circuit for detecting a wave 
form edge of the input Signal and responding by 
increasing the Signal current temporarily. 

2. The transmitter circuit according to claim 1, wherein 
Said output-waveform control circuit includes: 

an edge detecting circuit receiving the input signal and 
outputting a detection Signal when the edge of the input 
Signal is detected; 

Switch means controlled to be turned on by the detection 
Signal; and 

a current Source for Supplying a current, which is added 
to the Signal current, when Said Switch means has been 
turned on. 

3. The transmitter circuit according to claim 1, wherein 
Said output-waveform control circuit includes: 

a first inverter circuit receiving a non-inverted input 
Signal; 
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a first capacitor having one end connected to an output 
terminal of Said first inverter circuit and another end 
connected to the inverting output terminal; 

a Second inverter circuit receiving an inverted input 
Signal; and 

a Second capacitor having one end connected to an output 
terminal of the Second inverter circuit and another end 
connected to the non-inverting output terminal. 

4. The transmitter circuit according to claim 1, wherein 
Said driver circuit includes: 

a non-inverting output terminal and an inverting output 
terminal; 

a first transistor for receiving a non-inverted input signal 
and Switching in response to pass a current from a 
high-potential power Supply to the non-inverting output 
terminal; 

a Second transistor for receiving an inverted input signal 
and Switching in response to pass a current from the 
non-inverting output terminal to the low-potential 
power Supply; 

a third transistor for receiving the inverted input Signal, 
and Switching in response to pass a current from the 
high-potential power Supply to the inverting output 
terminal; and 

a fourth transistor for receiving the non-inverted input 
Signal and Switching on in response to pass a current 
from the inverting output terminal to a low-potential 
power Supply. 

5. A transmitter circuit comprising: 
a driver circuit, which has a non-inverting output terminal 

and an inverting output terminal, for Outputting a 
differential Voltage, whose polarity changes based upon 
an input Signal, to the non-inverting output terminal 
and inverting output terminal; and 

an output-waveform control circuit for detecting a wave 
form edge of the input signal and responding by 
increasing the differential Voltage temporarily. 

6. The transmitter circuit according to claim 5, wherein 
Said output-waveform control circuit includes: 

an edge detecting circuit for outputting a first detection 
Signal when a rising edge of the waveform is detected 
and a Second detection signal when a falling edge of the 
waveform is detected; 

a first Switch circuit for pulling up the non-inverting 
output terminal in response to the first detection Signal; 

a Second Switch circuit for pulling down the inverting 
output terminal in response to the first detection Signal; 

a third Switch circuit for pulling down the non-inverting 
output terminal in response to the Second detection 
Signal; and 

a fourth Switch circuit for pulling up the inverting output 
terminal in response to the Second detection signal. 

7. The transmitter circuit according to claim 5, wherein 
Said driver circuit includes: 

a potential dividing circuit for generating high- and low 
level potential-divided Voltages, 
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a first Switch circuit for Selecting the potential-divided 
Voltage based upon a non-inverted input Signal and 
outputting the Voltage to the non-inverting output ter 
minal; and 

a Second Switch circuit for Selecting the potential-divided 
Voltage based upon the non-inverted input Signal and 
outputting the Voltage to the inverting output terminal. 

8. A transmission circuit comprising: 
the transmitter circuit as Set forth in claim 1, 

a transmission line having one end connected to the 
non-inverting output terminal and inverting output ter 
minal of Said transmitter circuit; and 

a receiver circuit connected to the other end of Said 
transmission line. 

9. A driver unit comprising: 
a shift register circuit receiving grayScale data for driving 

data lines of a matrix display panel; and 
the transmitter circuit as Set forth in claim 1, connected to 

a Serial output end of Said shift register circuit. 
10. The driver unit according to claim 9, further compris 

ing the transmission line having one end connected to the 
non-inverting output terminal and inverting output terminal 
of Said transmitter circuit. 

11. The driver unit according to claim 10, wherein said 
transmission line comprises a conductor on a glass Substrate 
of the matrix display panel. 

12. A transmission circuit comprising: 

the transmitter circuit as Set forth in claim 5; 

a transmission line having one end connected to the 
non-inverting output terminal and inverting output ter 
minal of Said transmitter circuit; and 

a receiver circuit connected to the other end of Said 
transmission line. 

13. A driver unit comprising: 
a shift register circuit receiving grayScale data for driving 

data lines of a matrix display panel; and 

the transmitter circuit as Set forth in claim 5, connected to 
a Serial output end of Said shift register circuit. 

14. The driver unit according to claim 13, further com 
prising the transmission line having one end connected to 
the non-inverting output terminal and inverting output ter 
minal of Said transmitter circuit. 

15. The driver unit according to claim 14, wherein said 
transmission line comprises a conductor on a glass Substrate 
of the matrix display panel. 

16. A transmitter circuit comprising: 

a driver circuit including an input terminal for receiving 
an input signal; a pair of differential output terminals 
for outputting a differential output signal; and first and 
Second current Sources for Supplying Source and Sink 
currents, Said driver circuit responsive to the input 
Signal received at the input terminal performing control 
So that charging drive of one of Said differential output 
terminals with the Source current and discharging drive 
of the other of said differential output terminals with the 
Sink current are performed; 
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an edge detection circuit receiving the input signal and 
detecting a transition of the input Signal to output a 
detection Signal which is Set in an active State for a 
preset period; and 

third and fourth current Sources, both receiving the detec 
tion Signal from the edge detection circuit and con 
trolled to be set into an active State when the detection 
Signal is Set in an active State to provide respective 
currents which are Summed to Said Source/sink currents 
from Said first and Second currents Sources, Said third 
and forth current Sources being controlled to be in an 
inactive State when the detection Signal is Set in an 
inactive State. 

17. A transmitter circuit comprising: 
a driver circuit having an input terminal for receiving an 

input Signal and a pair of differential output terminals 
for outputting a differential output signal and control 
ling, responsive to the input Signal received at the input 
terminal, So as to perform charging drive of one of Said 
differential output terminals and discharging drive of 
the other of said differential output terminals; and 

first and Second differentiators receiving the input Signal 
and a complementary Signal of the input Signal respec 
tively and having respective outputs connected to Said 
differential output terminals, wherein when the input 
Signal undergoes a transition, the differential output 
Signal from Said differential output terminals has a 
waveform having an amplitude thereof increased tem 
porally by the outputs from Said first and Second 
differentiators. 

18. A transmitter circuit comprising: 
a driver circuit including: 
an input terminal for receiving an input Signal; 
a pair of differential output terminals for outputting a 

differential output signal; 
a first voltage divider circuit including a plurality of 

resistorS Serially connected acroSS first and Second 
power Supplies and outputting first and Second Voltages 
from first and Second connection nodes of Said resis 
tors, 

a first Selector circuit receiving respective Voltages from 
Said first and Second connection nodes of Said first 
Voltage divider circuit and Selecting one of the received 
two Voltages based on the input signal received at the 
input terminal to Supply So Selected Voltage to a first 
terminal constituting Said differential output terminals, 

a Second Voltage divider circuit including a plurality of 
resistorS Serially connected acroSS Said first and Second 
power Supplies and outputting first and Second Voltages 
from first and Second connection nodes of Said resis 
tors, and 

a Second Selector circuit receiving respective Voltages 
from Said first and Second connection nodes of Said 
Second Voltage divider circuit and Selecting one of the 
received two Voltages, which is complementary to the 
Voltage Supplied to the first terminal of Said differential 
output terminals, based on Said input signal to Supply So 
Selected Voltage to a Second terminal constituting Said 
differential output terminals, 
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an edge detection circuit receiving the input signal and 
detecting rise and fall transitions of the input Signal to 
output respectively first and Second detection signals 
which are Set in an active State for a preset period; and 

a control circuit having two outputs respectively con 
nected to Said differential output terminals, receiving 
Said first and Second detection signals from the edge 
detection circuit and performing control So that charg 
ing drive of the first terminal of said differential output 
terminals and discharging drive of the Second terminal 
of Said differential output terminals are performed 
concurrently when the first detection signal is in an 
active State, while charging drive of the Second terminal 
of Said differential output terminals and discharging 
drive of the first terminal of said differential output 
terminals are performed concurrently when the Second 
detection signal is in an active State. 

19. A transmitter circuit comprising: 
a driver circuit including: 
an input terminal for receiving an input signal; 
a pair of differential output terminals for outputting a 

differential output signal; 
a first Voltage divider circuit including a plurality of 

resistorS Serially connected acroSS first and Second 
power Supplies and outputting first and Second Voltages 
from first and Second connection nodes of Said resis 
tors, 

a first Selector circuit receiving respective Voltages from 
Said first and Second connection nodes of Said first 
Voltage divider circuit and Selecting one of the received 
two Voltages based on the input signal received at the 
input terminal to Supply So Selected Voltage to a first 
terminal constituting Said differential output terminals, 

a Second Voltage divider circuit including a plurality of 
resistorS Serially connected acroSS Said first and Second 
power Supplies and outputting first and Second Voltages 
from first and Second connection nodes of Said resis 
tors, and 

a Second Selector circuit receiving respective Voltages 
from Said first and Second connection nodes of Said 
Second Voltage divider circuit and Selecting one of the 
received two Voltages, which is complementary to the 
Voltage Supplied to the first terminal of Said differential 
output terminals, based on Said input signal to Supply So 
Selected Voltage to a Second terminal constituting Said 
differential output terminals, and 

first and Second differentiators receiving Said input signal 
and a complementary Signal of Said input Signal respec 
tively and having respective outputs connected to Said 
differential output terminals, wherein when the input 
Signal undergoes a transition, the differential output 
Signal from Said differential output terminals has a 
waveform having an amplitude thereof increased tem 
porally by the outputs from Said first and Second 
differentiators. 

20. The transmitter circuit according to claim 16, wherein 
Said driver circuit includes: 

a first Series circuit comprising first and Second transistors 
Serially connected acroSS Said first current Source and 
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Said Second current Source; Said first and Second tran 
Sistors having control terminals for receiving the input 
Signal and an inverted Signal obtained by inverting the 
input signal respectively with a connection node of Said 
first and Second transistors being connected to a first 
terminal constituting Said differential output terminals, 
and 

a Second Series circuit comprising third and fourth tran 
SistorS Serially connected in parallel with Said first 
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Series circuit acroSS Said first current Source and Said 
Second current Source, Said third and fourth transistors 
having control terminals for receiving the inverted 
Signal and the input Signal respectively with a connec 
tion node of Said third and fourth transistors being 
connected to a Second terminal constituting Said dif 
ferential output terminals. 


