
SIGNAL TRANSMISSION CIRCUIT ACHEVING SIGNIFICANTLY IMPROVED
RESPONSE TIME OF DRIVEN CIRCUIT, CMOS SEMICONDUCTOR DEVICE AND
CIRCUIT BOARD THEREFOR                        BACKGROUND OF THE INVENTION
5 1. Field of Invention          The present invention relates to a signal
transmission     circuit, a CMOS semiconductor device, and a circuit board,
and more particularly, to a signal transmission circuit     having an
assist-circuit, a CMOS semiconductor device having 10 an assist-circuit,
and a circuit board having an assist-     circuit.       2. Description of
Related Art          As the size of a semiconductor integrated circuit
device 15 increases, the size of a semiconductor chip that forms the
semiconductor integrated circuit device is also increased.     As a result,
the length of a signal wire that is formed     inside the semiconductor
chip (for example, a signal wire for     distributing a clock, a signal
wire that forms a bus line, or 20 the like) tends to be long.          Fig.
1 shows the configuration of each type of signal     wire formed inside an
integrated circuit device. A large-     scale integrated circuit device is
formed inside a square     semiconductor chip CP whose side length is
approximately 15mm 25 through 20mm. Therefore, it is not unusual that the
wire     length of a signal wire LIN formed inside an integrated
circuit device reaches over 20mm.          A shown in Fig. 1 shows a wiring
configuration of a     circuit in which the line length of a signal line
LIN between 30 a driver circuit DR and a driven circuit RC is less than 100
[err]m. B shows a wiring configuration of a circuit in which the     line
length exceeds 20mm. C shows a wiring configuration of     a circuit like a
bus line or a clock distribution line in    



2      which multiple driven circuits RC are connected to a signal    line
LIN.         Wiring capacitance CL is generated on a signal line LIN
that connects between a driver circuit DR and a driven 5  circuit RC.
Input capacitance CG is formed at the input    terminal of the driven
circuit RC. The values of the wiring    capacitance CL in A, B, and C
differ from each other, and the    values of the input capacitance CG in A,
B, and C differ from    each other.  The value of the input capacitance CG
is 10 proportional to the number of driven circuits RC connected to    the
signal line LIN. The value of the wiring capacitance CL    is proportional
to the length of the signal line LIN.         Seeing the wiring
configurations A, B, and C from this    view point, the wiring
configuration A, when it is connected 15 to the signal line LIN, has the
smallest capacitance value.    Subsequently, the capacitance value of the
wiring    configuration B is larger than that of the wiring
configuration A, and the capacitance value of the wiring    configuration C
is larger than that of the wiring 20  configuration B.  Depending on the
value of this capacitance,     the transmission characteristic of a signal
differs greatly.         Fig. 3 shows the wave-forms of step response waves
that    are generated when a step pulse is supplied to each of these
wiring configurations A, B, and C. Fig. 3A shows the wave- 25 form of a
step response wave that is generated by the wiring    configuration A shown
in Fig. 1. Fig. 3B shows the wave-form    of a step response wave that is
generated by the wiring    configuration B shown in Fig. 1. Fig. 3C shows
the wave-form    of a step response wave that is generated by the wiring 30
configuration C shown in Fig. 1. As is evident from Fig. 3,     at the wire
length of the wiring configuration A shown in Fig.     1, virtually no
delay is visible in the rise of the step     wave-form. However, in the
wiring configurations B and C,     the shapes of the step waves are greatly
rounded, generating      



3      long response delays. In particular, this tendency appears
prominently in the wiring configuration C having a long     signal line LIN
to which many driven circuits RC are     connected. 5       Fig. 4 shows
the wave-forms of response waves.  The    wiring configuration A transmits
an input pulse to the driven    circuit RC almost normally. However, the
wiring    configurations B and C hardly transmit the pulse to their
driven circuits RC, respectively.  In other words, it can be 10 seen that a
signal line having a large capacitive cannot     transmit a pulse having a
narrow pulse width. This is a main     factor inhibiting development of a
large-scale semiconductor     chip.          The content of this factor
also applies as a similar 15 phenomenon to a signal line that connects
between integrated     circuit devices packaged on a circuit board (printed
wiring     board).          It should be noted that, in order to increase
the degree    of integration of a semiconductor integrated circuit device,
20 the processing dimensions of a device such as a transistor    need to be
fined, and the widths of the wires must be formed    thin. In this respect,
it can be considered that the value    of the capacitance generated on the
signal line will become    small. However, when the wire width is formed
thin, the 25 thickness of the insulation layer is also formed thin at the
same time. Consequently, the wiring capacitance CL of the     signal line
and the input capacitance CG of the driven     circuit RC do not decrease
by a large amount even if the     formation area is decreased as a result
of the increased 30 degree of integration.          On the other hand, in
order to solve this problem, for     example, in a circuit in which a clock
pulse is distributed     to many circuit regions MAP as shown in Fig. 5, a
large     capacitance driver circuit DR1., a medium capacitance driver
This it the replacement sheet
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4      circuit DR2, and a small capacitance driver circuit DR3 can     be
connected to the circuit, which is seemingly a feasible     method.
However, if driver circuits DR1, DR2. and DR3 are     connected to each
signal line LIN, the number of circuits 5  inside the integrated circuit
increases.  As a result, the     amount of power consumption also
increases.  In addition, the     number of circuits for a signal to pass
through also     increases. Therefore, the timing accuracy also
deteriorates.   10                    SUMMARY OF THE INVENTION          It
is an object of the present invention to propose a     signal transmission
circuit that is capable of assuring a     signal transmission even through
a long signal line without     increasing the degree of integration inside
an integrated 15  circuit.          It is also an object of the present
invention to provide    a signal transmission circuit, a CMOS semiconductor
device,    and a circuit board that are capable of solving the above-
stated problems. The object of the present invention can be 20 achieved by
a combination of characteristics described in the     independent claims of
the present invention. The dependent     claims of the present invention
determine further     advantageous embodiments of the present invention.
This     invention proposes a signal transmission circuit having a 25
configuration in which an assist-circuit, which has a low    output
impedance and outputs the mid point voltage of a power    source voltage,
is connected to a position on a signal line    of the signal transmission
circuit.         According to a signal transmission circuit based on this
30  invention, an assist-circuit, which has a low output     impedance and
outputs the midpoint voltage of the power     source voltage, is connected
to a position on a signal line     having a large wiring capacitance or a
large input     capacitance. As a result, the voltage of the signal line is
This is the replacement sheet
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5      driven centered at the mid point voltage of the power source
voltage. In other words, the driven circuit is driven     centered at its
own threshold voltage.          Since the output impedance of the
assist-circuit is low, 5 the amplitude of the signal is kept small.
However, since     the driven circuit is driven centered at its own
threshold     value, the driven circuit is turned on and off assuredly, and
is able to receive the signal even if the amplitude of the     given signal
is small. Moreover, since the output impedance 10 of the assist-circuit is
low, the time constant (in this case,     it is the product of the
resistance and capacitance) that     determines the transition time of the
transmission signal     becomes small. As a result, the signal can be
passed through     the signal transmission circuit at a high speed. 15
Therefore, an input pulse can be transmitted through a     signal line
without distorting the wave-form of the input     pulse even if the sum of
the wiring capacitance and input     capacitance is large.
Moreover, since the amplitude of the transmission signal 20  becomes small,
the amount of transitional charge-discharge     currents that are supplied
to the wiring capacitance and     input capacitance are reduced. As a
result, the amount of     power consumed during an operation is also
reduced.          In order to solve the above-stated problems, according 25
to the first aspect of the present invention, a signal     transmission
circuit having a driver circuit for sending out     a transmission signal,
a signal line for propagating the     transmission signal, and a driven
circuit, which is driven by     two power source voltages V[err] and V[err]
(V[err] > V[err]) , for taking in 30 the transmission signal that is
propagated through the signal     line is provided. This signal
transmission circuit has an     assist-circuit for outputting a prescribed
voltage, which is     larger than the power source voltage V[err] and
smaller than the     power source voltage V[err], to the signal line.



6           According to the second aspect of the present invention,     a
signal transmission circuit as described in the first     aspect of the
present invention is provided such that the     driven circuit has a
digital circuit which outputs one of two 5  values of a binary output
voltage in response to a voltage     input to the driven circuit, and the
assist-circuit outputs a     voltage that approximately matches a threshold
voltage at     which an output of the digital circuit is inverted from one
of the two values of the binary output voltage to the other 10 of the two
values of the binary output voltage.         According to the third aspect
of the present invention,     a signal transmission circuit as described in
the second     aspect of the present invention is provided such that the
assist-circuit outputs a voltage that is approximately a 15 midpoint
voltage of the power source voltages V[err] and V[err].         According
to the fourth aspect of the present invention,    a signal transmission
circuit as described in the first    aspect of the present invention is
provided such that the    assist-circuit has an output impedance that is
lower than an 20 output impedance of the driver circuit.         According
to the fifth aspect of the present invention,     a signal transmission
circuit as described in the fourth     aspect of the present invention is
provided such that the     output impedance of assist-circuit is 1/4
through 1/2 of the 25  output impedance of the driver circuit.
According to the sixth aspect of the present invention,    a signal
transmission circuit as described in the first    aspect of the present
invention is provided such that the    assist-circuit has a first inverter
including an input 30 terminal and an output terminal, and a feedback
circuit in    which the input terminal of the first inverter is connected
with the output terminal of the first inverter.          According to the
seventh aspect of the present invention,     a signal transmission circuit
as described in the sixth                                           7  



aspect of the present invention is provided such that the     driven
circuit has a second inverter such that a beta ratio     of the second
-inverter is approximately equal to a beta ratio     of the first inverter.
5       According to the eighth aspect of the present invention,     a
signal transmission circuit as described in the first     aspect of the
present invention is provided such that the     assist-circuit has a P-type
FET and an N-type FET such that a     forward bias voltage is applied to
gates of the P-type FET 10 and N-type FET, respectively.         According
to the ninth aspect of the present invention,     a signal transmission
circuit as described in the first     aspect of the present invention is
provided such that the     assist-circuit has a voltage source-which
outputs a 15 prescribed voltage that is larger than the power source
voltage V[err] and smaller than the power source voltage V[err].
According to the tenth aspect of the present invention,    a signal
transmission circuit as described in the ninth    aspect of the present
invention is provided such that the 20 assist-circuit further has a low
impedance buffer circuit    which lowers an output impedance of the voltage
that the    voltage source has output.         According to the eleventh
aspect of the present     invention, a signal transmission circuit as
described in any 25  of the first through tenth aspects of the present
invention     is provided such that the signal transmission circuit further
has a cut-off means which cuts off a current that flows     between the
signal line and the assist-circuit.         According to the twelfth aspect
of the present invention, 30 a signal transmission circuit as described in
the first     aspect of the present invention is provided such that the
assist-circuit has an NAND gate and a feedback circuit in     which an
input terminal of the NAND gate is connected with an     output terminal of
the NAND gate.                                            8   



According to the thirteenth aspect of the present     invention, a signal
transmission circuit as described in the     twelfth aspect of the present
invention is provided such that     the NAND gate includes a control
terminal to which a control 5 signal, which cuts off a current that flows
between the     signal line and the assist-circuit, is input.
According to the fourteenth aspect of the present     invention, a signal
transmission circuit as described in the     first aspect of the present
invention is provided such that 10  the assist-circuit has an NOR gate and
a feedback circuit in    which an input terminal of the NOR gate is
connected with an    output terminal of the NOR gate.         According to
the fifteenth aspect of the present     invention, a signal transmission
circuit as described in the 15 fourteenth aspect of the present invention
is provided such     that the NOR gate includes a control terminal to which
a     control signal, which cuts off a current that flows between     the
signal line and the assist-circuit, is input.         According to the
sixteenth aspect of the present 20 invention, a signal transmission circuit
as described in the     first aspect of the present invention is provided
such that     the assist-circuit is connected to a termination of the
signal line.         According to the seventeenth aspect of the present 25
invention, a CMOS semiconductor device having a signal     transmission
circuit that has a driver circuit for sending     out a transmission
signal, a signal line for propagating the     transmission signal, and a
driven circuit, which is driven by     two power source voltages V[err] and
V[err] (V[err] > V[err]), for taking in 30 the transmission signal that has
been transmitted through the     signal line is provides such that the
signal transmission     circuit has an assist-circuit which outputs a
prescribed     voltage, which is larger than the power source voltage
V[err]                                            9      and smaller than
the power source voltage V[err], to the signal     line.          According
to the eighteenth aspect of the present 



invention, a CMOS semiconductor device as described in the 5 seventeenth
aspect of the present invention is provided such     that the
assist-circuit has an-output impedance that is lower     than an output
impedance of the driver circuit.          According to the nineteenth
aspect of the present     invention, a CMOS semiconductor device as
described in the 10 seventeenth aspect of the present invention is provided
such     that the assist-circuit has a beta ratio that is     approximately
equal to a beta ratio of the driven circuit.          According to the 20th
aspect of the present invention, a     circuit board having a first
semiconductor device that has a- 15 driver circuit for sending out a
transmission signal, a     second semiconductor device, which is driven by
two power     source voltages V[err] and VDD (V[err] > V[err]) , having a
driven     circuit for taking in the transmission signal, and a signal
line pattern for propagating the transmission signal from the 20 driver
circuit to the driven circuit, is provided. This     circuit board has an
assist-circuit which outputs a     prescribed voltage, which is larger than
the power source     voltage V[err] and larger than the power source
voltage V[err], to     the signal line. 25      According to the 21st
aspect of the present invention, a     circuit board as described in the
20th aspect of the present     invention is provided such that the
assist-circuit has an     output impedance that is lower than an output
impedance of     the driver circuit. 30       The outline of the
above-described invention does not     list all the required
characteristics of the present     invention. Sub-combinations of these
characteristics group     are also covered by the scope of the present
invention.                                           10
BRIEF DESCRIPTION OF THE DRAWINGS            Fig. 1 is a magnified top view
of a semiconductor chip     for explaining the problems that the
conventional technology 



5 has.          Fig. 2 is a connection diagram for explaining the
conventional technology.          Fig. 3 is a wave-form diagram for
explaining an    operation state of Fig. 2. 10      Fig. 4 is a wave-form
diagram for explaining another    operation state of Fig. 2.          Fig.
5 is a magnified top view of a semiconductor chip    for explaining a
method for solving the problems that arise    in the conventional
technology. 15      Fig. 6 is a block diagram for explaining the outline of
this invention.          Fig. 7 is a connection diagram which specifically
shows    each part of the block diagram shown in Fig. 6.          Fig. 8 is
a graph for explaining the operation of the 20 embodiment shown in Fig. 7.
Fig. 9 is an equivalent circuit diagram for explaining     the operation of
the embodiment shown in Fig. 7.          Fig. 10 shows the wave-form of
each part of the     equivalent circuit shown in Fig. 9. 25       Fig. 11
is a block diagram for explaining a utility    example of this invention.
Fig. 12 is a block diagram for explaining another    utility example of
this invention.          Fig. 13 is a block diagram for explaining further
30  another utility example of this invention.          Fig. 14 is a
connection diagram for explaining a     variation example of an
assist-circuit used in this invention.                   Fig. 15 is a
connection diagram for explaining another    variation example of the
assist-circuit used in this    invention.          Fig. 16 is an equivalent
circuit diagram of Fig. 15. 5       Fig. 17 is a block diagram for
explaining a utility    example of the embodiment shown in Fig. 15.
Fig. 18 is a connection diagram for explaining an    example in which a
cutoff means is attached to an assist-    circuit used in this invention. 



10      Fig. 19 is a connection diagram for explaining another    example
of the cutoff means shown in Fig. 18.         Fig. 20 is a connection
diagram for explaining a    configuration in which a cutoff means is
attached to the    assist-circuit shown in Fig. 14. 15      Fig. 21 is a
connection diagram for explaining a    configuration in which a cutoff
means is attached to the    assist-circuit shown in Fig. 15 and the
assist-circuit shown    in Fig. 7 that is used as a midpoint voltage
source.         Fig. 22 is a block diagram showing another embodiment of 20
a signal transmission circuit according to the present    invention.
Fig. 23 shows a specific configuration of an assist-    circuit in which a
NAND gate is used.          Fig. 24 is a block diagram showing further
another 25 embodiment of a signal transmission circuit according to the
present invention.          Fig. 25 shows a specific configuration of an
assist-     circuit in which a NOR gate is used.   30              DETAILED
DESCRIPTION OF THE INVENTION          The present invention will be
explained through its     embodiments. However, the following embodiments
do not limit     the scope of the present invention described in the
claims.     Moreover, not all the combinations of the characteristics
12      described in the embodiments are necessarily essential for
solving the present invention.          Fig. 6 shows an embodiment of a
signal transmission    circuit according to this invention. In Fig. 6, DR,
RC, LIN, 5 CL, and CG refer to a driver circuit, a driven circuit, a
signal line, wiring capacitance, and an input capacitance,
respectively, as has been explained with reference to the     drawings.
In this invention, an-assist-circuit AC is connected to 10 a position on a
signal line LIN. The assist-circuit AC can 



be constructed, for example, by connecting a total feedback    circuit NF
to an inverter INV (polarity inversion circuit)    made of a CMOS circuit.
In transmitting a signal at a high speed, the signal 15  that propagates
through the signal line can be reflected by    the driven circuit. In this
case, an over-shoot or under-    shoot can be generated in the wave-form of
the reflected    signal when the driven circuit receives the signal.  In
order    to decrease the magnitude of such an over-shoot or under- 20
shoot, the assist-circuit AC may be connected to the    termination of the
signal line LIN.          Fig. 7 shows an example of its specific circuit
structure. In this example, both the driver circuit DR and    driven
circuit RC contain an inverter made of a CMOS circuit. 25 The
assist-circuit AC can also be constructed by connecting    the total
feedback circuit NF to an inverter having a CMOS    circuit structure.
According to the circuit structure of    this assist-circuit AC, the
voltage at the common node J of    the input and output terminals of the
inverter can be 30 stabilized approximately at the midpoint voltage of the
power      source voltage V[err] - V[err]. The reason for this will be
explained with reference to Fig. 8.
13            In Fig. 8, the curve Y represents the direct current
transmission characteristic (the relation between the output     voltage
and the input voltage) of the inverter IV.          Since the inverter has
a logic inversion function 5 (negation), the inverter exhibits a decaying
characteristic     in the neighborhood of the logic threshold value.
Here, if a total feedback is applied by shorting the     input terminal
with the output terminal (or by connecting the     input terminal to the
output terminal using a device like a 10 resistor) in order to construct an
assist-circuit AC     according to the present invention, the value of the
input     voltage becomes equal to the value of the output voltage.
Hence, if a straight line X given by Vin = Vout is drawn over 



the curve Y, it becomes clear that the output voltage of this 15 circuit is
equal to the Y-coordinate of the point at which     the straight line X
intersects the curve Y.          This intersection point is the point at
which the output    voltage is inverted on the curve that indicates the
direct    current transmission characteristic. In other words, the Y- 20
coordinate of this intersection is equal to the logic     threshold value
of the inverter.          In the case in which the on-resistance of the
P-type FET     is equal to that of the N-type FET, where the P-type FET and
the N-type FET constitute the inverter, this intersection 25 point becomes
exactly the midpoint of the power source    voltage.           Here, for
the sake of simplicity, the term "on-      resistance" was used.
However,-in reality, the     characteristic curves of the on-resistance of
the P-type FET 30  and N-type FET have non-linearity.  In order to explain
a     little more precisely, a number called a drain current
coefficient [err] will be used as an index that represents the     ease of
flow of the drain current of a FET.
14            Drain current coefficient [err]; a proportionality constant
determined by the size of MOSFET, the aspect ratio, or the     like.
If the [err] of the N-type FET and that of the P-type FET  5  are
represented by [err]n and [err]p,  respectively,      [err]n = (W/Leff)
([err]ox/Tox) . [err]n, eff      [err]p = (W/Leff)  ([err]ox/Tox) . p, eff
W; gate width, Leff; effective gate length, Tox; thickness of  



gate oxide film, [err]ox; permittivity of gate oxide film, [err]n,  10
eff; effective mobility of electrons, [err]p, eff; effective     mobility
of positive holes.      Using this [err], the drain current of MOSFET can
be expressed     easily as follows.          Id = [err] {(Vgs - Vt) Vds -
(1/2) (Vds[err])}   (Vds [err] Vgs - ds)  15       Id = (1/2) [err](Vgs -
Vt)[err]    (Vds > Vgs - ds)          In the case of silicon, the mobility
of positive holes     is approximately half that of electrons. Therefore,
if an N-     type FET and a P-type FET are made in the same shape
(provided that they have the same threshold voltage), it can 20 be said
that The amount of current that flows through the N-     type FET is twice
as much as the amount of current that flows     through the P-type FET.
The on-resistance of the N-type FET is a half of that of      the P-type
FET. In a standard device, the [err] of the N-type 25 FET is usually set
equal to that of the P-type FET or the     shape (Width, Height) of the
N-type FET is usually set equal     to that of the P-type FET.           In
the case in which the ratio of the [err] of the N-type      FET with
respect to the [err] of the P-type FET ([err]R = [err]n/[err]p, beta 30
ratio) is changed by approximately ten times, the resultant     changes are
indicated approximately by curves Y1 and Y2 shown     in Fig. 4. Here, Y1
can be represented by setting [err]n >[err]p,                 ([err]R =
10), and Y2 can be represented by setting [err]n < [err]p, ([err]R      =
0.1), for example ([err]n, [err]p are the drain current     coefficients of
the N-type FET and P-type FET, respectively).          In this case, by
setting the beta ratio between the N- 



5 type FETQ[err] and P-type FETQ[err] of the inverter IV, which
constitutes the driven circuit RC, in the same manner as that     of the
assist-circuit AC, the threshold voltage, at which the     driven circuit
RC is inverted, can be set equal to the      midpoint voltage of the power
source voltage V[err] - V[err]. 10 Therefore, by setting the relation
between the inverter IV,     which constitutes the assist-circuit AC, and
the inverter     that constitutes the driven circuit RC to the relation
described above (in which the same beta ratio is taken), the     driven
circuit RC centered at its own threshold voltage 15 receives a signal that
is sent from the driver circuit DR.          Fig. 9 shows an equivalent
circuit of this signal     transmission circuit. The driver circuit DR can
be expressed     equivalently by a switch SW.  R[err] represents the output
impedance of the driver circuit DR. In Fig. 9, the direct 20 current
resistor of the signal line LIN is omitted. RM     represents an equivalent
resistor that is equivalent to the     output impedance of the
assist-circuit AC. In other words,     the assist-circuit AC can be
represented as a circuit that is     connected to the midpoint voltage
V[err] via the equivalent 25 resistor whose resistance value is R[err].
When the switch SW is switched to the contact point A     side in the
driver circuit DR, the positive voltage V[err] is     applied to the signal
line LIN through the output impedance     R[err]. In this case, a current
I[err] flows through the impedance 30 R[err] of the equivalent resistor RM.
At the same time, a     voltage E[err] (Figs. 10A and l0B) that is skewed
toward the     positive side with respect to the midpoint voltage V[err] is
generated at the node J. This voltage E[err] can be expressed by
E[err] = (V[err] - V[err])R[err]/(R[err] + R[err])      (1).
16            On the other hand, in the driver circuit DR, if the
switch SW is switched to the contact point B side, the power     source
voltage V[err] is supplied to the signal line LIN.  Hence,     in this
case, a current I[err] flows through the impedance of the 5 assist-circuit
AC, and the voltage at the node J shifts to     the negative side by E2
with respect to the midpoint voltage 



V[err]. This voltage E2 can be expressed by           E[err] = (V[err]-
V[err])R[err]/(R[err] + R[err])          (2).          As has been
mentioned before, the resistance value R[err] of 10 the equivalent resistor
RM of the assist-circuit AC is small,     satisfying the relation R[err] <<
R[err]. Therefore, the amplitudes     E[err] and E[err] of the signals
generated at the node J turn out to     be micro values. In addition, since
the threshold value of     the inversion operation of the driven circuit RC
is the 15  midpoint voltage V[err] when the driven circuit RC operates, the
driven circuit RC is assuredly inverted by voltages E[err] and E[err]
(Fig. l0B) that lie within the amplitude ranges of the     voltages E[err]
and E[err], respectively, generated at the node J.     Therefore, the
driven circuit RC is inverted immediately 20 after the voltage at the node
J crosses the midpoint voltage     V[err]. Even if the value of the sum of
the wiring capacitance     CL and input capacitance CG is large and the
voltage change     of the signal line LIN has a delay, the output of the
driven     circuit RC can be transmitted in a wave-form that has 25
virtually no wave-form deformation as shown in Fig. 10C.          The
relation between the output impedance R[err] and output     impedance
R[err] will now be explained. As the above-given     equations show, the
voltages E[err] and E[err] are functions of R[err] and     R[err]. It
should be noted that the voltages E[err] and E[err] tend to 30  zero as
R[err] tends to zero.  However, since the driven circuit     RC has a
threshold voltage, the value of R[err] must be     determined within the
signal sensitivity of the driven     circuit RC. The maximum input voltage
at which the driven     circuit RC is able to output a stable value of L or
H when                                            17      the input is L is
denoted by V[err]. The minimum input voltage     at which the driven
circuit RC is able to output a stable     value of L or H when the input is
H is denoted by V[err]. As an     alternative, when the input is increased
gradually from L,  5 the input voltage at which the output voltage of the
driven     circuit RC starts to change substantially may be denoted by
V[err].  In this case, when the input is decreased gradually     from H,
the input voltage at which the output voltage of the 



driven circuit RC starts to change substantially is denoted 10  by V[err].
For example, when the input voltages V[err] and V[err] of      the driven
circuit RC are approximately V[err] + (V[err] - V[err]) x 0.2,      and
V[err] + (V[err] - V[err]) x 0.2, respectively, it is desirable that
the ratio R[err]/R[err]     be between 1/4 and [err], in accordance with
equations (1) and 15 (2).          It should be noted that the term
"midpoint voltage" used     in the present specification does not
necessarily mean the     exact midpoint voltage between the power source
voltages V[err]     and V[err]. As has been explained with reference to
Fig. 8, the 20  midpoint voltage means any intermediate voltage between the
power source voltages V[err] and V[err], which changes in accordance
with the beta ratio.          Therefore, as shown in Fig. 11, even if many
driven     circuits RC are connected to a line LIN, by connecting an 25
assist-circuit AC to this signal line LIN, each of the driven     circuits
RC operates in accordance with the change in the     output voltage of the
driver circuit DR. -As a result, for     example, a simultaneous clock
pulse (with no time lag) can be     supplied to each of the driven circuits
RC. 30       Fig. 12 shows a variation embodiment of the embodiment
shown in Fig. 11. This embodiment shows that a normal     operation is
achieved no matter to what position on a signal     line LIN an
assist-circuit AC is connected.                                          18
All the signal lines LIN explained above are formed     inside the same
semiconductor chip. In order to apply the     present invention to a signal
line LIN that is formed outside     an integrated circuit, as shown in Fig.
13, for example in 5  the case of a signal line LIN that is connected
between     integrated circuit devices LSI[err] and LSI[err] the
assist-circuit     AC must be connected to the termination side of the
signal     line LIN.  In other words, a distributed constant circuit
like, for example a micro strip line, is generally used for a 10 signal
line LIN formed outside of an integrated circuit 



device in order to match the characteristic impedance of the     signal
line LIN with a prescribed impedance. A portion of a     distributed
constant circuit has inductance and capacitance.     Consequently, it is
desirable to connect the assist-circuit 15 AC to the termination of the
signal line LIN as shown in Fig.     13.          Fig. 13 shows a printed
circuit board PCB according to     an embodiment of the present invention.
This printed circuit     board PCB has an LSI[err], an LSI2, and the
pattern of a signal 20 line LIN. An assist-circuit AC is connected to this
signal     line LIN. The LSI[err] has a driver circuit for sending out a
transmission signal. The LSI[err] has a driven circuit for     receiving a
transmission signal. As has been explained     before, the assist-circuit
AC is connected to the termination 25 of the signal line LIN. As in the
cases of the previously     described embodiments, this assist-circuit AC
outputs a     prescribed voltage that is larger than the power source
voltage V[err] and smaller than the power source voltage V[err].
Moreover, the assist-circuit AC has output impedance that is 30 lower than
that of the driver circuit of the LSI1.          Figs. 14 and 15 show
variation embodiments of the     assist-circuit AC. The assist-circuit AC
shown in Fig. 14 is     configured to apply a forward bias voltage directly
to the     gates of the P-type FET Q[err] and N-type FET Q[err],
respectively.                By this configuration, the P-type FET Q[err]
and N-type FET Q[err]     are constantly kept turned on, the voltage at the
node J is     held at the midpoint voltage between the voltages V[err] and
V[err].     As a result, the assist-circuit AC operates as a midpoint 5
voltage source having low impedance.          Fig. 15 shows an
assist-circuit AC that has been     constructed combining a low impedance
buffer circuit LOW and     a midpoint voltage source EJV.  The
configuration of the low     impedance buffer circuit LOW is the exact
opposite of that of 10 an inverter. That is, the drain of the N-type FET
Q[err] is     connected to the positive voltage side V[err], the drain of
the     P-type FET Q[err] is connected to the negative voltage side V[err],



the source of the P-type FET Q[err] is connected to the source of     the
N-type FET Q[err], the gate of the P-type FET Q[err] is connected 15  to
the gate of the N-type FET Q[err], and the midpoint voltage V[err]     is
supplied from the midpoint voltage source EJV to the     common node of the
two gates.          Fig. 16 shows an equivalent circuit of the low
impedance     buffer circuit LOW shown in Fig. 15. The P-type FET Q[err]
and 20 N-type FET Q[err], which constitute the low impedance buffer
circuit LOW shown in Fig. 15, can be regarded as voltage     buffers of
gain 1. In the same manner as what is shown in     Fig. 9, the P-type FET
Q[err] and N-type FET Q[err] can be     represented by an equivalent
resistor RM having the same 25 resistance value R[err] that is equal to the
output impedance and     the midpoint voltage source EJV, respectively.
Therefore, in a state in which the driver circuit DR is     outputting an
L-logic, a current I[err] flows from the equivalent     resistor RM toward
the signal line LIN. As a result, the 30 voltage at the node J is shifted
from the midpoint voltage by     a small amount in the direction of the
negative voltage V[err]     (L-logic). Therefore, in this case, the driven
circuit RC     outputs an H-logic.
20           On the other hand, when the driver circuit DR is     inverted
to a state in which the driver circuit DR outputs an     H-logic, a current
I[err] flows from the signal line LIN to the     equivalent resistor RM
toward the midpoint voltage source EJV. 5  When this current I[err] flows,
the voltage at the node J is     shifted from the midpoint voltage V[err]
slightly toward the     positive voltage V[err]. Therefore, in this state,
the driven     circuit RC is inverted to a state in which the driven
circuit     RC outputs an L-logic. 10      The resistance value R[err] of
the equivalent resistor RM    becomes larger than the resistance value
R[err] of the equivalent    resistor shown in Fig. 9.  However, the
relation R[err] >> R[err] is    maintained. As a result, the voltage change
at the node J    can be suppressed to a slight change in the amplitude. 15
Therefore, in the same way as has been explained with    reference to Figs.
9 and 10, the time interval between the 



moment at which the output state of the driver circuit DR is    inverted
and the time at which the threshold value of the    driven circuit RC is
crossed can be shortened (since the 20 amount of change in the voltage is
small). As a result, the     embodiment shown in Fig. 15 can also increase
the response     speed of the driven circuit RC.          In the embodiment
shown in Fig. 15, the midpoint voltage     source EJV is constructed using
a resistance division circuit. 25 However, the assist-circuit AC shown in
Fig. 7 or the assist-     circuit AC shown in Fig. 14 can also be used for
this     midpoint voltage source EJV. In the case in which the
assist-circuit AC is constructed using a midpoint voltage     source EJV
and a low impedance buffer circuit LOW, the 30 assist-circuit AC may be
connected to multiple signal lines     by having a single midpoint voltage
source EJV supply the     midpoint voltage V[err] to multiple low impedance
buffer circuits     LOW as shown in Fig. 17.
21           When an active device of a semiconductor integrated
circuit having a CMOS structure is held in a stationary state,     the
consumed current converges to a value that is very close     to zero.
Therefore, when the semiconductor integrated 5 circuit device is tested, a
standard testing procedure     includes an item in which this stationary
state current is     measured and it is tested whether the value of the
current is     below a prescribed value or not. On the other hand, if the
above-described assist-circuit AC is embedded in the 10 semiconductor
integrated circuit device, the assist-circuit    AC consumes a current even
in a stationary state. As a    result, it becomes impossible to measure the
stationary    current of the integrated circuit device in which the assist-
circuit AC is embedded. 15       In the embodiments shown in Figs. 18
through 21, in     order to solve this problem, a cutoff means CUT is added
to     the assist-circuit AC. A control signal is then given to     this
cutoff means CUT so as to cut off a current that flows     through the
assist-circuit AC as needed. In this way, the 20 stationary current can be
measured. In the embodiment shown 



in Fig. 18, a cutoff means CUT is attached to the assist-     circuit AC
shown in Fig. 7. The cutoff means CUT has a     control terminal CT. In
this embodiment, the assist-circuit     AC is kept active by giving an
H-logic to this control 25 terminal CT. When an L-logic is given to the
control     terminal CT, the assist-circuit AC is switched to an inactive
mode in which the assist-circuit AC does not consume any     amount of
current at all.          In other words, when an H-logic is given to the
control 30  terminal CT, FET Q[err] and FET Q[err] are turned off, and FET
Q[err] and     FET Q4 are turned on.  When FET Q[err] is turned on and FET
Q[err] is     turned off, FET Q[err] is turned on, and FET Q[err] is turned
off.     As a result, FET Q[err] and FET Q[err] are turned on.  Through
these                                              22       FET Q[err] and
FET Q[err], the gates of FET Q[err] and FET Q[err] are held     connected
to each other, and operate as the assist-circuit AC.          When an
L-logic is given to the control terminal CT, FET     Q[err] and FET Q[err]
are turned on, and FET Q[err] and FET Q[err] are turned 5 off. Since FET
Q[err] is turned off and FET Q[err] is turned on, FET     Q[err] is turned
off, and FET Q[err] is turned on. In other words,     since FET Q[err] and
FET Q[err] are turned off and FET Q[err] and FET Q[err]     are turned on,
FET Q[err] and FET Q[err] are turned off. Here, FET Q[err],     FET Q[err],
and FET Q[err] are turned on. However, since FET Q[err], FET 10 Q[err], and
FET Q[err], which are serially connected to FET Q[err], FET Q[err],     and
FET Q[err], are turned off, the power source current does not     flow
through the assist-circuit AC at all. Therefore, the     stationary current
can be measured in a state in which an L-     logic is given to the control
terminal CT. 15       In the embodiment shown in Fig. 14, the cutoff means
CUT     is composed of a switch device ANS that is generally called     an
analog switch or the like.  When the switch device ANS is     turned off,
FET Q[err] and FET Q[err], which are components of the     assist-circuit
AC, are turned off. 20       Fig. 20 shows a case in which a cutoff means
CUT is     attached to the assist-circuit AC shown in Fig. 14. This
case differs from the case shown in Fig. 18 in that the     source
electrodes-of the FET Q[err] are connected to the negative 



power source V[err] and the source electrodes of the FET Q[err] are 25
connected to the positive power source V[err].  When these FET Q[err]
and FET Q[err] are turned on by supplying an H-logic to the     control
terminal CT, forward bias voltages V[err] and V[err] are     applied to the
gates of the P-type FET Q[err] and N-type FET Q[err],     respectively. As
a result, the P-type FET Q[err] and N-type FET 30 Q[err] are turned on, and
operate as the assist-circuit AC.           When an L-logic is given to the
control terminal CT, FET     Q[err] and FET Q[err] are turned on, and FET
Q[err] and FET Q[err] are turned     off.  In this state, the P-type FET
Q[err] and N-type FET Q[err] are
23      turned off. As a result, the amount of current consumption     is
held to almost zero.          Fig. 21 shows a configuration in which a
cutoff means is     attached to the assist-circuit AC shown in Fig. 15 in
which a 5 low impedance buffer circuit LOW and a midpoint voltage
source EJV are installed in combination. Moreover, this     embodiment
shows a case in which the assist-circuit AC shown     in Fig. 7 is used as
the midpoint voltage source EJV. Here,     CUT1 refers to a cutoff means
for controlling a P-type FET 10  Q[err] and an N-type FET Q[err], which
constitute the midpoint     voltage source EJV, to a cut-off state. CUT2
refers to a     cutoff means for controlling a P-type FET Q[err] and an
N-type     FET Q[err], which constitute the low impedance buffer circuit
LOW, to a cut-off state. 15       When an H-logic is given to the control
terminal CT, FET     Q[err] and FET Q[err] of the cutoff means CUT1 are
turned on, the     gates of the P-type FET Q[err] and N-type FET Q[err],
which     constitute the midpoint voltage source EJV, are connected to
each other through these FET Q[err] and FET Q[err]. As a result, a 20
circuit identical to the circuit shown in Fig. 7 is     constructed, which
outputs a midpoint voltage to the node J1.          On the other hand, when
an H-logic is given to the input     terminal CT, FET Q[err] and FET Q[err]
of the cutoff means CUT2 are     turned on. As a result, the gates of
N-type FET Q[err] and P- 25  type FET Q[err], which constitute the low
impedance buffer     circuit LOW, are connected to a common node via FET
Q[err] and     FET Q[err]. A midpoint voltage is then supplied to this
common     node from the midpoint voltage source EJV. Therefore, in 



this state, the N-type FET Q[err] and P-type FET Q[err] have the 30 same
circuit structure as the low impedance buffer circuit     LOW shown in Fig.
15. When a signal voltage is supplied to     the node J2 from the driver
circuit DR, the N-type FET Q[err]     and P-type FET Q[err] operate in the
same manner as the manner     that has been explained with reference to
Fig. 15.                                          24            When an
L-logic is given to the input terminal CT, in     the cutoff means CUT1,
FET Q[err] and FET Q[err] are turned on, and     FET Q[err] and FET Q[err]
are turned off.  As a result, the N-type     FET Q[err] and P-type FET
Q[err] which constitute the midpoint 5  voltage source EJV, are turned off.
In the cutoff means CUT2, FET Q[err] and FET Q[err] are turned     off, and
FET Q[err] and FET Q[err] are turned on.  As a result, the     N-type FET
QN2 and P-type FET Q[err], which constitute the low     impedance buffer
circuit LOW, are turned off. 10      Therefore, when an L-logic is given to
the control     terminal CT, all the currents that flow through the assist-
circuit AC shown in Fig. 21 are also cut off, making it     possible to
measure the stationary current.          In the above-explained
embodiments, the assist-circuit 15 is constructed by connecting an inverter
in with a total     feedback circuit NF. In what follows, other embodiments
will     be explained in which an assist-circuit is formed using
circuits other than an inverter IV, for example, a NAND gate     and a NOR
gate. 20       Fig. 22 shows another embodiment of a signal
transmission circuit according to the present embodiment. In     comparison
with the embodiment shown in Fig. 6 in which the     assist-circuit has an
inverter IN, the assist-circuit     according to the present embodiment has
a NAND gate. The 25 assist-circuit shown in Fig. 22 is constructed by
connecting     a total feedback circuit NF with a NAND gate.  Since the
NAND     gate has multiple input terminals, one of the input terminals
can be used as a control terminal CT as shown in the drawing.          Fig.
23 shows a specific example of an assist-circuit in 30 which a NAND gate is
used. According to this circuit     configuration, the assist-circuit can
be turned on or off by 



switching an input signal, which is supplied to the control     terminal
CT, between H-logic and L-logic. In this embodiment,     if H-logic is
given to the control terminal CT, the
25      assist-circuit is held in the operation mode and is -able to
output a midpoint voltage. If L-logic is given to the     control terminal
CT, the assist-circuit is held in the non-     operation mode and outputs
H. 5       If H-logic is given to the control terminal CT, FET Q[err]
is turned on, and FET Q[err] is turned off.  Therefore, the drain     of
FET Q[err] is held connected with the drain of FET Q[err]. As a     result,
the assist-circuit is held in the operation mode and     outputs a midpoint
voltage. As has been explained before, by 10 setting the beta ratios of
N-type FET Q[err] and P-type FET Q[err] ,    which constitute the driven
circuit, equal to the beta ratio    of the assist-circuit, the threshold
voltage of the driven    circuit RC, at which the driven circuit is
inverted, can be    set equal to the midpoint voltage of the power source
voltage 15 V[err] - V[err]. As a result, the driven circuit RC is able to
receive a signal, which is centered at the threshold voltage     of the
driven circuit RC, transmitted from the driver circuit     DR.          On
the other hand, if L-logic is given to the control 20  terminal, FET Q is
turned off, and FET Q4 is turned on.     Therefore, the voltage at the
common node J is held at H. In     testing a current leak of (stationary
current test) of a     semiconductor integrated circuit device, the output
voltage     of the transmission side (driver circuit DR) needs to be set 25
equal to the voltage at the common node J.          In this way, by
controlling the input supplied to the     control terminal CT, the
operation of the assist-circuit,     which is constructed using a NAND
gate, can be turned on or     off. 30       Fig. 24 shows further another
embodiment of a signal     transmission circuit according to the present
invention. In     comparison with the embodiment shown in Fig. 6, which has
an     inverter IN, the assist-circuit according to the present
embodiment has a NOR gate. The assist-circuit shown in Fig. 



26      24 is constructed by connecting a total feedback circuit NF
with a NOR gate. Since the NOR gate has multiple input     terminals, one
of the input terminals can be used as a     control terminal CT as shown in
the drawing. 5       Fig. 25 shows a specific example of an assist-circuit
in     which a NOR gate is used. According to this circuit
configuration, the assist-circuit can be turned on or off by     switching
an input signal, which is supplied to the control     terminal CT, between
H-logic and L-logic. In this embodiment, 10 if L-logic is given to the
control terminal CT, the     assist-circuit is held in the operation mode
and is able to     output a midpoint voltage. If H-logic is given to the
control terminal CT, the assist-circuit is held in the non-     operation
mode and outputs L. 15       If L-logic is given to the control terminal
CT, FET Q[err]     is turned off, and FET Q[err] is turned on. Since the
drain of     FET Q[err] is connected with the source of FET Q[err] the
drain of     FET Q[err] is held connected with the drain of FET Q[err]. As
a     result, the assist-circuit is held in the operation mode and 20
outputs a midpoint voltage. As has been explained before, by     setting
the beta ratios of N-type FET Q[err] and P-type FET Q[err],     which
constitute the driven circuit, equal to the beta ratio     of the
assist-circuit, the threshold voltage of the driven     circuit RC, at
which the driven circuit is inverted, can be 25 set equal to the midpoint
voltage of the power source voltage     VDD - V[err]. As a result, the
driven circuit RC is able to     receive a signal, which is centered at the
threshold voltage     of the driven circuit RC, transmitted from the driver
circuit     DR. 30       On the other hand, if H-logic is given to the
control     terminal, FET Q[err] is turned on, and FET Q[err] is turned
off.     Since FET Q[err] is turned on, the voltage at the common node J
is held at L. In testing a current leak of (stationary     current test) of
a semiconductor integrated circuit device,     



27      the output voltage of the transmission side (driver circuit     DR)
needs to be set equal to the voltage at the common node J.          In this
way, by controlling the input supplied to the     control terminal CT, the
operation of the assist-circuit, 5  which is constructed using a NOR gate,
can be turned on or    off.          It should be noted that the "midpoint
voltage source"     shown in Fig. 15 does not necessarily output the exact
midpoint voltage between the power source voltages V[err] and V[err], 10
but a voltage that corresponds to the threshold voltage of     the driven
circuit RC.         As has been explained above, according to the present
invention, by connecting an assist-circuit AC to a signal     line LIN, the
signal line LIN is excited with a small 15 amplitude centered at the
midpoint voltage of the power     source voltage. In addition, by having a
low resistance     resistor inserted parallel with a capacitance that slows
down     the response speed, the transition time is shortened. As a
result, the driven circuit RC is inverted when the voltage 20 changes
slightly after the signal of the driver circuit DR is     inverted. Thus,
the driven circuit RC is able to detect with     a slight delay the timing
at which the signal sent from the     driver circuit DR is inverted. In
other words, the response     time of the driven circuit RC can be
accelerated. As a 25 result, even if the driver circuit DR outputs a pulse
having     a narrow pulse width, it is possible to assuredly detect this
pulse and reproduce this pulse on the output side of the     driven circuit
RC. Moreover, according to this invention,     even if the power source
voltage changes, the midpoint 30 voltage V[err], which the assist-circuit
AC outputs, changes in     accordance with the change.  Therefore, even if
the power     source voltage changes at this stage, the midpoint voltage
V[err],     follows the threshold value of the driven circuit RC. In
this way, a normal operation can be maintained constantly.         



28           Therefore, in a large-scale semiconductor integrated
circuit having a large semiconductor chip, for example, even    if the
total length of a clock supply signal line becomes    long, a clock can be
assuredly transmitted to the termination 5 side of this clock supply signal
line.          In addition, without being restricted to a clock supply
line, like a bus line, even if a signal line has a wiring    configuration
in which many input capacitors are connected to    the signal line and a
data reception circuit is connected to 10 each place, data can be sent to
all the data reception    circuits. Therefore, by applying this invention,
a large-    scale integrate circuit can be realized.         An
assist-circuit AC having a total feedback circuit and    a beta ratio that
is equal to that of a driven circuit is 15 able to generate automatically a
voltage that matches the    logic threshold voltage of the driven circuit.
In particular,    in the case in which both a driven circuit RC and the
assist-    circuit AC are formed on the same device (semiconductor chip),
the output voltage of the assist-circuit AC changes in 20 accordance with
the logic threshold voltage of the driven     circuit RC. Therefore, even
if the logic threshold voltage     of the driven circuit RC changes, due
to, for example, a     change in temperature, a signal can be transmitted
with a     high degree of accuracy. Moreover, in this case, a signal is 25
transmitted inside the device without being influenced by a
manufacturing deviation.          In addition, according to this invention,
a cutoff     termination CUT is attached to circuits such as an assist-
circuit AC and a midpoint voltage source, and a configuration 30 has been
proposed that is capable of controlling a current,     which flows through
circuits such as the assist-circuit AC     and midpoint voltage source, to
a cutoff state by this cutoff     means. Therefore, even if the
assist-circuit AC and midpoint     voltage source are in stationary states
or even if the                                           29 



assist-circuit AC and midpoint voltage source consume an    idling current,
the idling current can be removed by    controlling the assist-circuit AC
and midpoint voltage source    to a cutoff state. 5       Therefore, in the
case in which an integrated circuit    device having a built-in
assist-circuit AC or midpoint    voltage source has been manufactured, or
in the case in which    the semiconductor integrated circuit device is
tested, the    stationary current can be easily measured, which is an 10
additional advantage.         Although the present invention has been
described using    its embodiments, the scope of the present invention is
not    limited to these embodiments. Those skilled in the art can    add
various modifications and improvements to the embodiments 15 of the present
invention. It is clear from the claims that    such modified or improved
embodiments can be also covered by    the scope of the present invention.
30   WHAT IS CLAIMED IS:  1.   A signal transmission circuit having a
driver circuit for sending out a transmission signal, a signal line for
propagating the transmission signal, and a driven circuit, which is driven
by two power source voltages V[err] and V[err] (V[err] > V[err]) , for
taking in the transmission signal propagated through the signal line, the
signal transmission circuit comprising:         an assist-circuit which
outputs to the signal line a  predetermined voltage which is larger than
the power source  voltage V[err] and is smaller than the power source
voltage V[err],          wherein said assist circuit has an output
impedance that  is lower than an output impedance of said driver circuit. 



2.   A signal transmission circuit as claimed in claim 1,  wherein said
driven circuit has a digital circuit which  outputs one of two values of a
binary output voltage in  response to a voltage input to said driven
circuit, and said  assist-circuit outputs a voltage that approximately
matches a threshold voltage at which an output of said digital circuit is
inverted from one of said two values of said binary output voltage to
another of said two values of said binary output voltage.   3.   A signal
transmission circuit as claimed in claim 2, wherein said assist-circuit
outputs a voltage that is approximately a midpoint voltage of said power
source voltages V[err] and V[err].      4. A signal transmission circuit as
claimed in claim 1,   wherein said output impedance of said assist-circuit
is 1/4   through 1/2 of said output impedance of said driver circuit.
31    5.   A signal transmission circuit as claimed in claim 1, wherein
said assist-circuit has a first inverter including an input  terminal and
an output terminal, and a feedback circuit in which  the input terminal of
the first inverter is connected with said  output terminal of said first
inverter, an input of said assist- circuit being connected to an input of
the driven circuit.  



6.   A signal transmission circuit as claimed in claim 5, wherein  said
driven circuit has a second inverter such that a beta coefficient of said
second inverter is approximately equal to a beta coefficient of said first
inverter, the beta coefficient being a drain current coefficient which
serves as an index representing flow of a drain current of an FET.   7.   A
signal transmission circuit as claimed in claim 1, wherein said
assist-circuit has a P-type FET and an N-type FET such that a forward bias
voltage is applied to gates of said P-type FET and N-type FET,
respectively.   8.   A signal transmission circuit as claimed in claim 1,
wherein said assist-circuit has a voltage source which outputs said
prescribed voltage that is larger than said power source voltage V[err] and
smaller than said power source voltage V[err].   9.   A signal transmission
circuit as claimed in claim 8, wherein  said assist-circuit further has a
low impedance buffer circuit  which lowers an output impedance of said
prescribed voltage that said voltage source has output.   10.  A signal
transmission circuit as claimed in claim 1, further  comprising a cut-off
means which cuts off a current that flows  between said signal line and
said assist-circuit.                                          32   



11.  A signal transmission circuit as claimed in claim 1, wherein said
assist-circuit has an NAND gate and a feedback circuit in  which an input
terminal of said NAND gate is connected with an  output terminal of said
NAND gate.   12. A signal transmission circuit as claimed in claim 11,
wherein said NAND gate includes a control terminal to which a  control
signal, which cuts off a current that flows between said  signal line and
said assist-circuit, is input.   13. A signal transmission circuit as
claimed in claim 1, wherein said assist-circuit has an NOR gate and a
feedback circuit in which an input terminal of said NOR gate is connected
with an  output terminal of said NOR gate.   14. A signal transmission
circuit as claimed in claim 13, wherein said NOR gate includes a control
terminal to which a control signal, which cuts off a current that flows
between said  signal line and said assist-circuit, is input.   15. A signal
transmission circuit as claimed in claim 1, wherein said assist-circuit is
-connected to a termination of said signal line.   16. A CMOS semiconductor
device having a signal transmission  circuit that has a driver circuit for
sending out a transmission signal, a signal line for propagating the
transmission signal, and a driven circuit, which is driven by two power
source voltages V[err] and V[err] (V[err] > V[err]) , for taking in the
transmission  signal that has been transmitted through said signal line,
wherein said signal transmission circuit has an assist-circuit 



which outputs to the signal line a predetermined voltage which is
33    larger than the power source voltage V[err] and is smaller than the
power source voltage V[err],        wherein said assist circuit has an
output impedance that is  lower than an output impedance of said driver
circuit.   17. A CMOS semiconductor device as claimed in claim 16, wherein
said assist-circuit has a beta coefficient that is approximately  equal to
a beta coefficient of said driven circuit.   18. A circuit board having a
first semiconductor device that has  a driver circuit for sending out a
transmission signal, a second  semiconductor device, which is driven by two
power source voltages V[err] and V[err] (V[err] > V[err]), having a driven
circuit for taking in the transmission signal, and a signal line pattern
for  propagating the transmission signal from said driver circuit to  said
driven circuit, comprising an assist-circuit which outputs to the signal
line a predetermined voltage which is larger than  the power source voltage
V[err] and is smaller than the power source 



voltage V[err],        wherein said assist circuit has an output impedance
that is lower than an output impedance of said driver circuit.   19. A
circuit board as claimed in claim 18, wherein said assist-  circuit has an
output impedance that is lower than an output  impedance of said driver
circuit.    


