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(57) ABSTRACT 
AbuS System with an improved propagation Velocity, com 
prising main lines, and a plurality of Stub lines provided on 
a one-to-one correspondence with a plurality of modules, 
and connecting the corresponding modules to the main lines. 
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BUS SYSTEMAND CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to technology for 
Signal transmission between devices, Such as a processor 
and a memory (between digital circuits formed by CMOS, 
for example, or between their functional blocks), and more 
particularly to technology for high-speed bus transmission 
among a plurality of devices connected to the Same trans 
mission line. 

0003 2. Description of Related Art 
0004 Among technologies for high-speed transmission 
between digital circuits formed with Semiconductor inte 
grated circuit devices, there is technology related to low 
amplitude bus interfaces. Data output drivers used in the bus 
interface circuits are broadly divided into the open drain 
type circuits, a representative example of which is the GTL 
(Gunning Transceiver Logic) circuit, and the push-pull type 
circuits, representative examples of which are the CTT 
(Center Tapped Termination) interface circuit and the SSTL 
(Stub Series Terminated Logic) interface circuit. In data 
input receivers, the comparator type is generally used which 
compares input data with a reference Voltage (Vref). The 
above-mentioned low-amplitude bus interfaces are 
described in detail in Nikkei Electronics, Sep. 27, 1993 issue 
(No.591) pp. 269-290, published by Nikkei BP. 
0005 With the progressive speedup of semiconductor 
integrated circuits in recent years, the rise time and the fall 
time of the leading and trailing edges of signal waveforms 
are decreasing, with the result that the waveform distortion 
due to mismatch of impedances is becoming too large to 
disregard. For this reason, as technology for eliminating the 
mismatch of impedances, the So-called matched termination 
method has been proposed, which terminates each end of the 
bus with a resistance equal to the bus line impedance. 
0006 FIG. 2 is a schematic block diagram of a bus 
System to which the conventional matched termination 
method is applied. 
0007 Reference numeral 50 denotes a main line of the 
bus, 51a to 51e denote stub lines of the bus, 52a to 52e 
denote drivers, 53a to 53e denote receivers, 54a to 54e 
denote modules, 55 denotes terminating resistors (Ritt) and 
56 denotes the terminal voltages (Vtt). Reference numerals 
57a to 57e denote branch points (connection points) of the 
Stub lines 51a to 51e from the main line 50. 

0008. In the bus system in FIG. 2, the drivers 52a to 52e 
and the receivers 53a to 53e are arranged in pairs, and those 
pairs are respectively contained in a plurality of modules 
54a to 54e, and connected through the stub lines 51a to 51e 
to the main line 50. The drivers 52a to 52e and their 
corresponding receivers 53a to 53e form the bus interface 
circuits of modules, each containing a driver and a receiver. 
0009 Though not illustrated, a logic circuit (LSI) for data 
transfer through the bus interface circuit is included in each 
module. Each bus interface circuit may be fabricated 
together with a logic LSI in the same chip or they may be 
fabricated Separately. 
0010 Each end of the main line 50 is connected to a 
terminating resistor (Rtt) 55 that is connected to a terminal 
end voltage source (Vtt) 56, by which matched termination 
is obtained. 
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SUMMARY OF THE INVENTION 

0011 AS described above, in the conventional bus sys 
tem, the bus interface circuits (receivers/drivers) are con 
nected through the Stub lines to one main line. 
0012. In the transfer of data in such a bus system, the time 
of Signal propagation varies with the position of the modules 
(more specifically, the position of the bus interface circuits) 
connected to the bus. 

0013 For example, when data is transferred from the 
driver 52d to the receiver 53e, a data Signal goes along the 
stub line 51d, passes through the branch point 57d to the 
branch point 57e of the main line 50, and through the stub 
line 51e, and reaches the receiver 53e. On the other hand, 
when data is transferred from the driver 52a to the receiver 
53e, a data signal travels along the stub line 51a, through the 
branch point 57a to the branch point 57e of the main line 50, 
and through the stub line 51e, and reaches the receiver 53e. 
In other words, if the data propagation time is compared 
between a case where data is transferred from the driver 52a 
to the receiver 53e and a case where data is transferred from 
the driver 52d to the receiver 53e, the propagation time in the 
former case is delayed by a period of time corresponding to 
a length of wiring between the branch points 52a and 57d of 
the main line 50. 

0014. The differences in propagation time among the 
modules at different positions become greater as the number 
of modules (more specifically, the number of the bus inter 
face circuits) connected to the bus increases. The reason for 
this is that the wiring length of the main line becomes longer 
as the number of modules increases. 

0015. As the number of modules connected to the bus 
increases, the number of Stub lines required to connect the 
modules to the main line increases, and accordingly the total 
capacitance of the Stub lines increases, So that the effective 
Velocity of propagation decreases. 
0016. In other words, the effective propagation velocity 
Vp' of a Signal, which propagates on the main line to which 
the Stub lines are connected, decreases according to the 
amount of increase in the capacitance of the Stub lines 
connected to the main line as compared with the propagation 
velocity Vp when there is only the main line (without the 
stub lines). The relational equation is shown below. 

0017 Where AC is the capacitance of the stub lines as 
Viewed from the main line, and includes the input capaci 
tance of the modules connected to the Stub lines. Co denotes 
the line capacitance between the branch points of the main 
line 50 on which a data Signal propagates. From this 
equation, it is understood that the more Stub capacitance AC 
increases, the more effective propagation Velocity Vp' 
decreases. 

0018. In the conventional bus system, the above-men 
tioned problems hinder the attempts to achieve high-speed 
Signal transmission. 
0019. The present invention has been made to solve those 
problems, and has as its object to speed up the buS System 
and improve the System performance. 
0020 Specifically, the propagation time among the mod 
ules is shortened to thereby speed up the bus System and 
improve the System performance. 
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0021. The noise of the propagating signal waveform 
between the modules is reduced to accelerate the Speed of 
the bus System and improve the System performance. 

0022. In order to solve the above problems, according to 
a first embodiment of the present invention, there is provided 
a bus System for data transfer among a plurality of interface 
circuits, which comprises: 

0023 at least two main lines connected together at oppo 
Site ends, and 

0024 a plurality of stub lines provided on a one-to-one 
correspondence with the above-mentioned plurality of inter 
face circuits and connecting the corresponding interface 
circuits to one of the above-mentioned at least two main 
lines. 

0.025 The first embodiment of the present invention, due 
to the above-mentioned Structure, has the following advan 
tages over the conventional bus System using one main line. 

0026 (1) If the lengths of wire between the branch points 
of the Stub lines from the main line are Set to be equal, the 
length of the main line on which data travels when it 
propagates between the mutually remotest interface circuits 
can be reduced to almost leSS than a half of the distance it 
would otherwise have to travel. Therefore, the data propa 
gation time between the mutually remotest interface circuits 
can be made shorter. Furthermore, the differences in data 
propagation time between the interface circuits can be 
reduced. 

0027 (2) In the propagation of data between the mutually 
remotest interface circuits, the number of branch points of 
the stub lines from the main line that the data travels can be 
reduced. In other words, it is possible to reduce the number 
(capacitance) of the stub lines that affect the data waveform 
and the data propagation time. Let us discuss a concrete 
example. It can occur that the wiring length of the main line 
between the branch points of the stub lines from the main 
line must become longer than in the prior art for the 
Structural reason of a circuit board that uses the bus System 
according to the present invention. In the case mentioned 
above, more Specifically, even when the modules are 
mounted on one Surface of the circuit board, the data 
propagation time between the mutually remotest interface 
circuits can be shortened. Furthermore, the differences in the 
data propagation time between the interface circuits can be 
reduced. 

0028. Thus, the speedup of the bus line can be achieved, 
which contributes to the improvement in the System perfor 

CC. 

0029. According to a second embodiment of the present 
invention, there is provided a bus System for data transfer 
between a plurality of interface circuits, which comprises: 

0030) 

0.031 an interface circuit for data transmission, con 
nected through a stub line to the main line; 

0032) a resistor having a constant voltage applied, and 
connected at the electrically remotest end position from the 
above-mentioned interface circuit for data transmission on 
the main line; and 

a main line in a ring form; 
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0033 a plurality of interface circuits for data reception, 
respectively connected to the main line through stub lines. 

0034. The second embodiment of the present invention, 
by its configuration mentioned above, achieves the same 
effects as in the first embodiment. Data transmitted from the 
data-transmitting interface circuit propagates clockwise and 
counterclockwise on the main line, and data on the CW route 
and data on the CCW route almost simultaneously reach the 
connection point of the resistor with the main line. By 
Setting a value of the resistor So that a signal wave passing 
the connection point and a reflected wave produced at the 
connection point cancel each other out, perfect termination 
can be achieved. 

0035) In the second embodiment, a driver with an output 
impedance almost equal to the resistor may be used in place 
of the resistor. 

0036). According to a third embodiment of the present 
invention, there is provided a bus System for data transfer 
among a plurality of interface circuits, comprising: 

0037) 
0038 a plurality of stub lines connecting the above 
mentioned plurality of interface circuits to the above-men 
tioned main line, and 

0039 a plurality of resistors having a constant voltage 
applied, and provided on a one-to-one correspondence with 
the above-mentioned plurality of interface circuits, wherein 
each of the above-mentioned resistors is connected to the 
main line through a Switch at the electrically remotest end 
position from the corresponding interface circuit, and 
wherein each of the above-mentioned interface circuits has 
means for Outputting a control Signal to turn on the Switch 
connected to the corresponding resistor before Sending data 
onto the main line. 

a main line formed in a ring, 

0040. The third embodiment, by the above-mentioned 
arrangement, achieves the same effects as in the first and the 
Second embodiments. Moreover, the third embodiment can 
terminate the bus with a perfect termination when data is 
output from any interface circuit. 

0041. In the third embodiment, a driver which conducts 
in response to a control Signal can be used in place of the 
resistor connected through the Switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042 FIG. 1 is a schematic block diagram for explaining 
a bus system to which a first embodiment of the present 
invention is applied; 

0043 FIG. 2 is a schematic block diagram for explaining 
an example of a bus System to which the conventional 
matched termination method is applied; 
0044 FIG. 3 is an equivalent circuit for the bus system 
in accordance with the first embodiment shown in FIG. 1; 

004.5 FIG. 4 is an equivalent circuit for the conventional 
bus system shown in FIG. 2; 

0046 FIG. 5 shows results of analysis of signal wave 
forms at the Source (driver) point S and the sink (receiver) 
points h1, h4 and h8 in FIG. 3; 
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0047 FIG. 6 shows results of analysis of signal wave 
forms at the Source (driver) point S and the sink (receiver) 
points h1, h4 and h8 in FIG. 4; 
0.048 FIG. 7 is a diagram for explaining a modification 
of the bus system to which the first embodiment of the 
present invention is applied; 
0049 FIG. 8 is a diagram for explaining an example of 
the bus system with SSTL interfaces, to which the first 
embodiment of the present invention is applied; 
0050 FIG. 9 is a schematic block diagram of a circuit 
board on which a backplane bus is formed according to the 
bus system shown in FIG. 1; 
0051 FIG. 10 is a diagram for explaining the arrange 
ment of the mother board 20 and the daughter boards 21a to 
21e when the connectorS 22 are mounted on one Surface of 
the mother board 20 in FIG. 9; 
0.052 FIG. 11 is a diagram for explaining the arrange 
ment of the mother board 20 and the daughter boards 21a to 
21e when the connectors 22 are mounted on both Surfaces of 
the mother board 20 in FIG. 9; 

0053 FIG. 12 is a schematic sectional view of the circuit 
board in FIG. 9; 
0.054 FIG. 13 is a schematic block diagram for explain 
ing the bus System to which a Second embodiment of the 
present invention is applied; 
0.055 FIG. 14 is a diagram for explaining a modification 
of the bus system to which the second embodiment of the 
present invention is applied; 
0056 FIG. 15 is a schematic block diagram for explain 
ing the bus system to which a third embodiment of the 
present invention is applied; 
0057 FIG. 16 is a diagram for explaining a modification 
of the bus system to which the third embodiment of the 
present invention is applied; 
0.058 FIG. 17 is a diagram showing a schematic con 
figuration of the driver 34 for termination shown in FIG.16; 
0059 FIG. 18 is a schematic block diagram of the bus 
system to which a fourth embodiment of the present inven 
tion is applied; 
0060 FIG. 19 is a schematic block diagram showing the 
buS interface circuit and the terminal control Signal interface 
circuit shown in FIG. 18; 
0061 FIG. 20 is a schematic block diagram of the bus 
system to which a fifth embodiment of the present invention 
is applied; and 
0.062 FIG. 21 is a schematic block diagram of an infor 
mation processor in accordance with the embodiments of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.063 A first embodiment of the present invention will 
now be described in the following. 
0.064 FIG. 1 is a schematic block diagram for explaining 
the bus system to which the first embodiment of the present 
invention is applied. 
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0065. In FIG. 1, reference numerals 10a, 10b denote 
main lines of the bus, 11a to 11e denote stub lines of the bus, 
12a to 12e denote drivers, 13a to 13e denote receivers, 14a 
to 14e denote modules, 15a and 15b denote resistors (Rtt), 
16a and 16b denote constant-voltage sources (Vtt), and 17a 
to 17e denote branch points (connection points) of the main 
lines 10a, 10e and the stub lines 51a to 51e. 
0066. In the bus system according to the first embodi 
ment, as shown in FIG. 1, the drivers 12a to 12e and the 
receiverS 13a to 13e are arranged in pairs, and those pairs are 
respectively contained in a plurality of modules 14a to 14e, 
and are connected through the stub lines 11a to 11e to the 
main lines 10a, 10b. The stub lines 11a to 11e are alternately 
connected to the main lines 10a and 10b. 

0067. The drivers 12a to 12e and the corresponding 
receivers 13a to 13e jointly form bus interface circuits of 
modules, each containing a driver and a receiver. Note that 
though not illustrated, each module has fabricated therein a 
logic circuit (LSI) for transferring data through the bus 
interface circuit. Each buS interface circuit may be fabricated 
together with a logic circuit (LSI) in the same circuit, or the 
buS interface circuit may be fabricated Separately from the 
logic circuit LSI. 
0068 The main lines 10a, 10b are joined together at one 
end with a resistor (Rtt) 15a which is connected at one end 
to a constant-voltage source (Vtt) 16a. The main lines 10a, 
10b are connected together at the other end with a resistor 
(Rtt) 15b which is connected at one end to a constant-voltage 
source (Vtt) 16b. By connecting the main lines 10a, 10b as 
described, a ring bus is formed. 
0069. The two resistors (Rtt) 15a, 15b are connected to 
the main lines 10a, 10b at the mutually remotest ends in 
terms of electrical characteristics through the main lines 10a, 
10b (on an equivalent circuit). If the characteristic (line) 
impedance of the main lines is designated as Zo, the resistors 
(Rtt) 15a, 15b have about the same resistance value as Zo. 
0070. In the bus system according to the first embodi 
ment, due to the above-mentioned configuration, a signal 
Sent out from one of the drivers 12a to 12e propagates 
clockwise and counterclockwise on the main line (from the 
branch point 17a, 17c or 17e on the main line 10a; and from 
the branch point 17b or 17d on the main line 10b), and 
reaches all the receivers 12a to 12e. In this embodiment, if 
the passages between adjacent branch points 17a to 17e 
(including the passages between 17a and 17b and between 
17d and 17e) are called sections, even when a signal 
propagates between the mutually remotest modules, the 
length the Signal travels on the main line is two Sections or 
leSS. 

0071 For example, if a signal is sent out from the driver 
12a, the Signal passes through the Stub line 11a, turns at the 
branch point 17a and goes clockwise and counterclockwise 
on the main line 10a. The Signal that goes counterclockwise 
passes through the branch point 17c and the stub line 11c and 
reaches the receiver 13c, and also passes through the branch 
point 17e and the stub line 11e and reaches the receiver 13e. 
0072. On the other hand, the signal that goes counter 
clockwise from the branch point 17a passes through the 
branch point 17b and the stub line 11b and reaches the 
receiver 13b, and also goes through the branch point 17d and 
the stub line lid and reaches the receiver 13d. 
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0073. If the wiring length of each section on the main 
lines 10a, 10b is made the same as in the bus system 
described when reference was made to the prior art (See 
FIG. 2), the wiring length for data propagation on the main 
lines between the mutually remotest modules can be made 
almost less than a half of the length in the prior art. 
Therefore, the data propagation time between the mutually 
remotest modules can be reduced. Differences in data propa 
gation time between the modules can be reduced. 
0.074 Compared with the bus system described with 
reference to the prior art, the number of branch points on the 
main line on which data travels in data propagation between 
the mutually remotest modules can be reduced. In other 
words, the number (capacitance) of the Stub lines, which 
adversely affects the data waveform and the data propaga 
tion time can be reduced. Therefore, when it is necessary to 
use a longer length of wiring for the main line between the 
branch points of the stub lines from the main line because of 
the configuration design of the circuit board which utilizes 
the bus System according to the present invention, to be 
more Specific, even when the modules are mounted on one 
Surface of the circuit board, the data propagation time 
between the mutually remotest interface circuits can be 
Shortened. In addition, differences in data propagation time 
between the interface circuits can be decreased. 

0075 For example, if the wiring length of the main line 
between the branch points is twice as long as that in the 
prior-art bus System described above, the wiring capacitance 
Co between the branch points of the main line, included in 
(Eq.1) shown earlier, becomes twice as large. However, the 
capacitance AC of the Stub lines is decreased, and the result 
is that the effective propagation Velocity is increased. 

0076) This effect will be described with reference to 
FIGS. 3 to 6. 

0.077 FIG. 3 is a diagram showing an equivalent circuit 
of the bus System according to the first embodiment depicted 
in FIG. 1. FIG. 4 is a diagram showing an equivalent circuit 
of the conventional bus system depicted in FIG. 2. FIGS. 3 
and 4 show equivalent circuits when CTT interface circuits 
are used as the interface circuits. 

0078. In FIGS. 3 and 4, the same number (8) of stub 
lines are respectively connected to the main line for the Sake 
of comparison. The wiring length (L2) of the stub lines is 65 
mm in FIGS. 3 and 4. 

0079 The receiver connected to each stub line has a high 
impedance, and therefore a capacitor (C1) having a value of 
5 pF is used for the receiver with a high impedance in this 
equivalent circuit. A voltage pulse Source with a Source 
impedance (Rs) of 20 S2 is used for the driver connected to 
each Stub line. The Voltage pulse Source is Supposed to 
output pulses at 100 Mbps (period: 10 ns). Suppose that the 
pulse amplitude is 3.3V and that the rise time (tr) and the fall 
time (tf) are 1 ns. 
0080. In FIGS. 3 and 4, the two resistors Ritt are 5092. 
respectively, and the voltages Vtt (=0.5xVcc) of the con 
stant-voltage sources are provided so that Vcc=3.3V. 
0081. In FIG. 3, the wiring length L1 of the main line 
between the branch points of stub lines from the main line 
is 100 mm. On the other hand, in FIG. 4, the wiring length 
L1 of the main line between the branch points of the stub 
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lines from the main line is 50 mm. The line impedance of the 
main line and the stub lines is 50 C2. 

0082 FIGS. 5 and 6 respectively show analysis results 
of signal waveforms at the Source (driver) point S and the 
sink (receiver) points h1, h4 and h8 in FIGS. 3 and 4. 
0083 Being a differential type input circuit, the receiver 
of the CTT interface circuit compares an input waveform 
with the threshold voltage Vref, and if the input waveform 
is higher or lower relative to the threshold Voltage, it is 
considered that the input data has made a transition. Gen 
erally, in the CTT interface, Vref=Vtt. 
0084. In the analysis results shown in FIG. 6 (an analysis 
result of the conventional bus system in FIG. 4), the data 
propagation time from the Source point S to the Sink point h8 
is 5.684 ns when Vref=Vitt. On the other hand, in the analysis 
results shown in FIG. 5 (an analysis result of the bus system 
according to the first embodiment), the propagation time is 
5.147 ns. Therefore, data reaches the sink point h8 faster by 
0.5 ns in the bus system according to the first embodiment. 
0085. This is due to the shorter data propagation time 
attributable to the reduction of the capacitance of the stub 
lines. The ratio of improvement is 10% over the data 
propagation time in the conventional bus System. AS is 
obvious from this, in the bus System according to the first 
embodiment, even when the wiring length of the main line 
between the branch points of the stub lines from the main 
line is longer than that in the conventional bus System (for 
example, when the modules are mounted collectively on one 
Surface of the circuit board), the data propagation time 
between the mutually remotest interface circuits can be 
made shorter than in the prior art. Moreover, differences in 
the data propagation time between the interface circuits can 
be reduced. In other words, the Speedup of the bus System 
can be realized without making any changes to the Space 
between the modules mounted on the circuit board or the 
load condition of the bus System. 
0086. In this embodiment, description has been given of 
the bus system in which the stub lines 11a to 11e are 
connected to two main lines 10a, 10b as shown in FIG. 1. 
However, the present invention is not limited to this con 
figuration. Even when the stub lines 11a to 11e are con 
nected to only one of the main lines 10a, 10b, the same 
effects can be obtained. 

0087 FIG. 7 is a diagram for explaining a modification 
of the bus system to which the first embodiment of the 
present invention is applied. 

0088. In FIG. 7, the stub lines 11a to 11e are all con 
nected to the main line 10a. In this circuit configuration, 
because a signal propagating on the main line 10b is not 
affected by the capacitance of the Stub lines, the propagation 
Velocity becomes faster as is understandable from (Eq.1) 
shown earlier. Therefore, the data propagation time between 
the mutually remotest interface circuits (between 14a and 
14e) can be made shorter than in the conventional bus 
System. In addition, differences in data propagation time 
between the interface circuits can be reduced. 

0089. This embodiment can be applied to the SSTL 
interface circuit set as a standard by JEDIC (Joint Electronic 
Device Engineering Council and EIAC (Electronic Industry 
Standard Architecture of Japan). 
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0090 FIG. 8 is a diagram for explaining an example of 
the bus system with SSTL interfaces, to which the first 
embodiment of the present invention is applied. 

0091) In FIG. 8, resistors (Rs) 18 for impedance match 
ing at the branch points are inserted between the branch 
points 17a to 17e and the stub lines 11a to 11e. With this 
circuit configuration, the Stub capacitance AC included in 
(Eq.1) remains unchanged, so that the effective propagation 
velocity Vp' can be improved as in the bus system in FIG. 
1. 

0092 Needless to say, even when the SSTL interfaces are 
applied to the modified embodiment shown in FIG. 7, the 
Same effects can be obtained. 

0093. Description will now be given of a circuit board 
using the bus System according to the first embodiment. 

0094 FIG. 9 is a schematic block diagram of a circuit 
board of a backplane bus formed by the bus system shown 
in FIG. 1. 

0.095 Reference numeral 20 denotes a mother board on 
which the main lines 10a, 10b are formed. Reference 
numerals 21a to 21e denote daughter boards, which corre 
spond to the modules 14a to 14e in FIG. 1. 

0096 Resistors. 15a, 15b and connectors 22 for connect 
ing the daughter boards 21a to 21e to the main lines 10a, 10b 
are mounted on the mother board 20. 

0097. Description will be given of the arrangement of the 
daughter boards 21a to 21e and the mother board 20 as 
shown in FIG. 9. 

0.098 FIG. 10 is a diagram for explaining the arrange 
ment of the daughter boards 21a to 21e and the mother board 
20 when the connectors 20 are mounted on only one surface 
of the mother board 20. 

0099. In this case, the daughter boards 21a to 21e are 
mounted through the connectorS 22 to only one Surface of 
the mother board 20. With this arrangement, attaching and 
detaching the daughter boards 21a to 21e can be done only 
on one Side of the mother board, So that greater degrees of 
freedom can be provided for design of the housing. 

0100 FIG. 11 is a diagram for explaining the arrange 
ment of the mother board 20 and the daughter boards 21a to 
21e when the connectors 22 are mounted on both Surfaces of 
the mother board 20. 

0101 By making it possible to mount the daughter boards 
21a to 21e to both Surfaces of the mother board 20, the board 
area of the mother board 20 can be reduced. In addition, the 
wiring length of the main line can be shortened, So that the 
propagation time of a signal propagating along the main line 
can be further shortened. 

0102) Next, the cross sectional configuration of the cir 
cuit board as shown in FIG. 9 will be explained. 

0103 FIG. 12 is a schematic sectional view of the circuit 
board shown in FIG. 9 and depicts a part of the cross section 
in the wiring direction (X-direction in FIG. 9) of the main 
lines 10a, 10b. Description will be given of a case where the 
connectorS 22 are mounted on only one Surface of the 
mother board 20. 
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0104. In FIG. 12, t1 and t2 denote a plurality of pins of 
the connectors to mechanically and electrically connect the 
mother board 20 with the daughter boards 21a to 21e. The 
pins t1 and t2 are passed through the mother board 20, and 
connected to the specified wires in the mother board 20. 
0105. The mother board 20 is a multi-layer circuit board 
formed by laminating an insulator, a signal layer (SIG.A) 
L-1, an insulator, a ground layer (GND) L-2, an insulator, a 
signal layer (SIG.B) L-3, and an insulator in this order from 
the connector 22 side. 

0106 The pintl is connected to the signal layer L-1, but 
not connected to the Signal layer L-3 and the ground layer 
L-2. In FIG. 12, the white portions of the signal layer L-3 
and the ground layer L-2 indicate the clearances. Similarly, 
the pin t2 is connected to the Signal layer L-3, but not 
connected to the Signal layer L-1 and the ground layer L-2. 
The white portions of the Signal layer L-1 and the ground 
layer L-2 indicate the clearances. 
0107 Though not illustrated, the signal layers L-1 and 
L-3 are linked together via through-holes provided at both 
ends, thus forming a main line in a ring shape. The ground 
layer L-2 arranged between the Signal layerS L-1 and L-3 
breaks up electrostatic coupling between the Signal layers 
L-1 and L-3 to thereby reduce crosstalk. 
0108. The above-mentioned configuration, which Sup 
presses crosstalk noise, enables the main lines 10a, 10b of 
the present embodiment to be fabricated on the mother 
board. Thus, it becomes possible to form a bus with less 
noise, So that the Speedup of the bus can be realized and the 
System performance can be improved. 

0109 The first embodiment of the present invention has 
been described above, and a second embodiment of the 
present invention will be described in the following. 
0110 FIG. 13 is a schematic block diagram for explain 
ing the bus System to which a Second embodiment of the 
present invention is applied. The circuit components with 
the same functions as those in the first embodiment of the 
present invention in FIG. 1 are designated by the same 
reference numerals. 

0111. A difference of the second embodiment from the 
first embodiment is that resistors (Rtts) 2.5a to 25e are 
inserted at the ends of the respective stub lines 11a to 11e 
instead of the resistors (Rtt) 15a, 15b being inserted at each 
end of the main lines 10a, 10b. Note that the main lines 10a, 
10b are connected in a ring shape as in the first embodiment. 

0112 The resistors (Rtts) 25a to 25e are connected at one 
end to the module Side portions of the corresponding Stub 
lines 11a to 11e, and at the other end to constant-voltage 
sources (Vtt) 26. The resistors (Rtts) 25a to 25e prevent 
Signal reflection in the corresponding Stub lines 11a to 11e. 
The values of the resistors (Rtts)25a to 25e are expressed by 
the following equation. 

0113 where Zo stands for the characteristic (line) imped 
ance of the bus and N stands for the number of modules 
connected to the bus. In this equation, the combined resis 
tance of the resistors (Rtts) 25a to 25e is made to become the 
same value as the combined resistance of the resistors (Rtt) 
15a and 15b shown in FIG. 1. 
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0114. For example, if the characteristic impedance of the 
bus is 50 S2, the value of the resistors (Rtt) 15a, 15b in FIG. 
1 is 50 S.2 each, and the combined resistance is 25 S.2. On the 
other hand, in the second embodiment in FIG. 13, since 
N=5, Rtts=125 S2 according to (Eq.2). Therefore, the com 
bined resistance is 25 S2, which is the same value as in the 
first embodiment of FIG. 1. 

0115) In this case, the voltage level of a DC signal 
propagating on the bus can be made the same as in the first 
embodiment shown in FIG. 1. Therefore, the interface 
circuit (including a driver and a receiver) used in the first 
embodiment in FIG. 1 can be applied just as it is. This 
means that it is possible to reuse the same design and 
decrease man-hours expended in design. 
0116. In the first embodiment in FIG. 1, the resistors 
(Rtt) 15a, 15b are connected at the positions of the mutually 
remotest ends in terms of electrical characteristics on the 
ring bus composed of the main lines 10a, 10b. Accordingly, 
the distance to the resistor (Rtt) 15a or 15b differs between 
the driver 12a and the driver 12e. 

0117. In contrast, in the second embodiment, the resistors 
(Rtts) 2.5a to 25e are inserted in the stub lines 11a to lie 
equally spaced around the ring bus, So that the load condi 
tion is Symmetrical as viewed from any one of the drivers 
12a to 12e. Therefore, the signal waveform is the same 
whichever driver drives, with the result that the design of the 
bus System becomes easy. 
0118. Also in the second embodiment, like in the first 
embodiment, the stub lines 11a to 11e may be connected to 
either one of the main lines 10a, 10b as shown in FIG. 14. 
Furthermore, like in the first embodiment, SSTL interface 
circuits may be used. Furthermore, the circuit board may be 
formed using the same method as in the first embodiment. 
0119) The second embodiment of the present invention 
has been described. 

0120 In the first and the second embodiments, descrip 
tion has been made of the bus in a ring shape formed by 
connecting together two main lines, but the present inven 
tion is not limited to this bus arrangement. A bus may be 
formed by connecting three or more lines together at both 
ends. 

0121 Description will next be given of a third embodi 
ment of the present invention. 
0.122 FIG. 15 is a schematic block diagram for explain 
ing the bus System to which the third embodiment is applied. 
0123. In FIG. 15, reference numeral 30 denotes a main 
line, 32 denotes a driver, 33a to 33d denote receivers, 35 
denotes a resistor (Rtt), and 36 denotes a constant-voltage 
source (Vtt). 
0.124. The main line 30 forms a bus in a ring. This ring 
bus may be formed by connecting two main lines together at 
both ends like in the first and the second embodiments 
described above. For example, as shown in FIG. 12, in a 
circuit board having two mainlines laminated while they are 
isolated by insulator layerS and a ground layer, a ring bus 
may be formed by connecting the two main lines together at 
both ends via through-holes. 

0125) The driver 32 and the resistor (Ritt) 35 are con 
nected at the mutually remotest ends in terms of electrical 
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characteristics on the main line 30. The receivers 33a to 33d 
are arranged at positions Symmetrical in terms of electrical 
characteristics with respect to a center line connecting the 
driver 32 and the resistor (Rtt) 35 (on an equivalent circuit). 
In addition, the driver 32, the resistor (Rtt) 35 and the 
receivers 33a to 33d are connected to the positions equally 
Spaced. 

0126 The resistor (Rtt) 35 is set at a value about a half 
of the characteristic impedance Zo of the main line 30. 
0127. In the third embodiment, on the main line 30, the 
resistor (Rtt) 35 is arranged at the remotest end from the 
driver 32 and the receivers 33a to 33d are arranged sym 
metrical with respect to the driver 32. Therefore, a signal 
waveform from the driver 32 reaches the resistor (Rtt) 35 at 
the same time whether it goes along the CW route or the 
CCW route. Since the line is terminated completely by the 
resistor (Rtt) 35, no reflected wave is produced. The reason 
for this can be explained as follows. 
0128. With regard to the routes from the driver 32 to the 
resistor (Rtt) 35, the CW route as viewed from the driver 32 
is called the main line 30a and the CCW route as viewed 
from the driver 32 is called the main line 30b. Because the 
characteristic impedance Zo of each main line is ZO and the 
load distribution is equal, the propagation Velocity of a 
Signal propagating on each route is the Same. 
0129. When the connection point of the main line 30 with 
the resistor (Rtt) 35 is viewed from the side of the main line 
30a, the impedance at the connection point is a combined 
impedance Z1 of the resistor (Rtt) 35 and the main line 30b. 
Z1 can be expressed by the following equation. 

Z = 1 f (1 f Rit + 1 f Zo) (Eq.3) 
= (1/3); Zo 

0.130 where Rtt=Zo/2. Since the characteristic imped 
ance of the main line 30a differs from the above-mentioned 
impedance Z1, when a Voltage Signal propagating along the 
main line 30a reaches the connection point of the main line 
30 with the resistor (Rtt) 35, a reflected wave is produced. 
The reflection coefficient T of the reflected wave is 
expressed as follows. 

0131. In other words, a half of the original signal voltage 
is reflected. Because the propagation coefficient is (1+T), 
that is, the Signal Voltage propagating from the mainline 30a 
to the main line 30b becomes a half of the original signal 
voltage propagates (0.5=1-0.5). 
0132) Similarly, with regard to a signal Voltage propa 
gating from the side of the main line 30b to the connection 
point between the main line 30 and the resistor (Rtt) 35, at 
the connection point, a half of the original Signal Voltage is 
reflected, and the other half passes. 
0133) If a signal going on the main line 30a and a signal 
going on the main line 30b, each in the same waveform, 
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simultaneously reach the resistor (Rtt) 35, then on the main 
line 30a, a reflected wave with a reflection coefficient 
T=-0.5 and a propagating wave with a propagation coeffi 
cient (1+T)=0.5 overlap each other and become 0. In other 
words the reflection coefficient T apparently becomes 0. 
Therefore, reflection can be eliminated by Setting the termi 
nating resistor (Rtt) at a half value of the characteristic 
impedance Zo of the main line 30 and also arranging for the 
signals going on the CW and the CCW routes to reach the 
resistor (Rtt) at the same time. More specifically, perfect 
termination can be achieved. 

0134. As described above, because perfect termination 
can be achieved with only one terminating resistor, the 
number of parts required can be reduced. In other words, the 
System can be configured at a lower cost. 
0135) In this third embodiment, matched termination may 
be performed by using, in place of the resistor (Rtt) 35, a 
driver 34 with an impedance half as high as the characteristic 
impedance Zo of the main line 30 as shown in FIG. 16. 
0.136 FIG. 17 is a schematic configuration of the termi 
nating driver 34 shown in FIG. 16. 
0.137 This driver 34 performs a function of a terminating 
driver and also a function of a bus interface. Here, descrip 
tion will be given of a case where an open-drain type driver, 
Such as a GTL circuit, is used for the bus interface. Matched 
termination as mentioned above can be achieved not only 
with an open-drain type driver but also with a push-pull type 
driver, Such as a CTT or SSTL circuit. 

0138. In FIG. 17, reference numeral 341 denotes a data 
driver formed by a FET transistor. This data driver outputs 
onto a signal line a signal transmitted from a logic circuit 
342 of LSI, for example. Note that though not illustrated, in 
Some cases, the data driver 341 also comprises a Slew rate 
controller. 

0139 Reference numeral 343 denotes a terminating 
driver formed of an FET transistor and having an output 
impedance at a half value of the characteristic impedance Zo 
of the bus. Reference numeral 344 denotes an AND circuit 
for driving the terminating driver 343. 
0140. The logic circuit 342 refers to information stored in 

its own register to check if the logic circuit 342 itself has the 
bus using right in the next cycle for data transfer. If the logic 
circuit 342 has made Sure that it does not have the buS using 
right, it outputs a termination Signal on a Signal line S2. 

0141 Under the condition that a termination control 
Signal is output on the Signal line S1 and a termination Signal 
is output on the Signal line S2, only when data is not output 
on the signal line S3, an AND circuit 344 turns on the 
terminating driver 343. Because the terminating driver 343 
is connected to the terminal voltage Vtt, the main line 30 
connected to the Signal line is terminated in matched 
termination by an output impedance (RS=Zo/2) of the ter 
minating driver 343. 
0142. In FIG. 17, reference numeral 345 denotes a dif 
ferential type data receiver. The data receiver 345 compares 
the voltage of the signal line with the reference voltage Vref 
to detect a signal that arrived through the Signal line, and 
transmits the Signal to the logic circuit 342. The data receiver 
345 is able to detect a signal even when the terminating 
driver 343 is on. 
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0143. The driver, formed as described, can be substituted 
for the terminating resistor. Thus, the terminating resistor 
can be eliminated. 

0144. The third embodiment of the present invention has 
been described. 

0145 A fourth embodiment of the present invention will 
now be described. 

0146 FIG. 18 is a schematic block diagram of the bus 
system to which a fourth embodiment of the present inven 
tion is applied. In FIG. 18, the components with the same 
functions as those in the third embodiment shown in FIG. 15 
are designated by the same reference numerals. 

0147 In FIG. 18, reference numerals 42a to 42f denote 
buS interface circuits each having the function of a termi 
nating driver. The bus interface circuits 42a to 42f are 
connected through stub lines to the main line 30, and are 
equally spaced along the main line 30. The buS interfaces 
circuits 42a to 42f are connected on the main line 30 
Symmetrically in terms of electrical characteristics with 
regard to a center line interconnecting between two bus 
interface circuits which are arranged at the mutually remot 
est end positions on the main line 30 in terms of electrical 
characteristics. 

0.148 Reference numerals 43a to 43f denote termination 
control signal interface circuits provided on a one-to-one 
correspondence with the bus interface circuits 42a to 42fand 
are used to transmit and receive termination control Signals 
to make the bus interface circuits function as the terminating 
drivers. Among the termination control Signal interface 
circuits 43a to 43f, those which are arranged at the mutually 
remotest end positions on the main line 30 in terms of 
electrical characteristics are connected through Signal lines 
S1 as illustrated in FIG. 18. To take an example, the 
termination control Signal interface 43a is connected 
through a Signal line S1 with the termination control Signal 
interface 43d. 

0149. In the bus system according to the fourth embodi 
ment, for example, when the bus interface circuit 42a 
outputs data on the main line 30, the termination control 
Signal interface circuit 43a corresponding to the bus inter 
face circuit 42a outputs a termination control Signal onto the 
Signal line S1. 

0150. When the termination control signal interface cir 
cuit 43d receives this termination control Signal, it causes the 
buS interface 42d to operate as the terminating driver. 

0151. As described above, in the fourth embodiment, 
when any one of the bus interface circuits 42a to 42f sends 
data, the one of the bus interface circuits 42a to 42f that is 
the remotest from the Sending bus interface circuit is made 
to operate as the terminating driver. 

0152. A signal is sent from a bus interface circuit and 
propagates clockwise and counterclockwise on the main line 
30, and the signals that have traveled along the CW and the 
CCW routes reach the connection point between a bus 
interface circuit remotest from the Sending bus interface 
circuit and the main line 30 at almost the same time. In this 
embodiment, by using the bus interface circuit arranged at 
the remotest end position as the terminating driver, it is 
possible to SuppreSS the occurrence of reflected waves. 
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0153. Description will now be given of the schematic 
configuration of the bus interface circuit and the termination 
control Signal interface circuit used in the fourth embodi 
ment. 

0154 FIG. 19 is a schematic configuration diagram 
showing the buS interface circuit and the termination control 
Signal interface circuit used in the fourth embodiment shown 
in FIG. 18. 

O155 Description is given of a case where an open-drain 
type interface, Such as a GTL circuit, is used as the bus 
interface. However, in the fourth embodiment, like in the 
third embodiment, matched termination can also be 
achieved by a push-pull driver, Such as a CTT circuit or an 
SSTL circuit. 

0156. In FIG. 19, reference numeral 421 denotes a data 
driver formed by an FET transistor. The data driver outputs 
on the Signal line a signal from a logic circuit 422 formed by 
an LSI circuit. A latch 423 causes timing at which Signals are 
transmitted to be in Synchronism with a System bus clock (p. 
O157 Reference numeral 424 denotes a differential type 
data receiver. The differential type data receiver 424 com 
pares the Voltage of the Signal line with the reference Voltage 
Vref to detect a signal on the Signal line, and Sends the Signal 
through a latch 425 to the logic circuit 422. A latch 425 sets 
timing for transmitting Signals So as to be in Synchronism 
with the System bus clock (p. 
0158 Reference numeral 426 denotes a termination con 
trol Signal receiver that transfers a received termination 
control Signal to the logic circuit 422. 
0159 Reference numeral 427 denotes a terminating 
driver formed by an FET transistor and having an output 
impedance at a half value of the characteristic impedance Zo 
of the bus. 

0160 Reference numeral 428 denotes an AND circuit for 
driving the terminating driver 427. 
0.161 Reference numeral 429 denotes a driver for a 
termination control signal. The driver 429 transmits a ter 
mination control signal before the driver 421 transmits a 
Signal. 
0162. A latch 430 causes timing for transmitting a ter 
mination control Signal to be in Synchronism with the clock 
(pí. The clock (pí has a difference from the System bus clock 
(pin a difference greater than a time required for Switching 
over the operation of the buS interface circuit to the opera 
tion as the terminating driver. 
0163. Description will be given of the operation as the 
terminating driver of the buS interface circuit that is struc 
tured as described above. 

0164. The logic circuit 422 refers to information stored in 
its own register to check if the logic circuit 422 itself has the 
bus using right in the next cycle for data transfer. When it 
confirmed that it does not have the bus using right, the logic 
circuit 422 outputs a termination Signal onto the Signal line 
S2. 

0.165. Under a condition that a termination control signal 
is output on the Signal line S1 and a termination signal is 
output on the Signal line S2, only when data is not output on 
the signal line S3, an AND circuit 428 turns on the termi 
nating driver 427. 
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0166 Because the terminating driver 427 is connected to 
the terminal voltage Vitt, the main line 30 connected to the 
Signal line is terminated in matched termination by an output 
impedance (RS=Zo/2) of the terminating driver 427. 
0.167 Next, description will be given of a case where the 
buS interface circuit outputs a termination control Signal. 
0168 When outputting a signal onto the bus, the logic 
circuit 422 first obtains the buS using right, and outputs a 
termination control signal through the driver 429 before the 
driver 421 transmits a data Signal. AS described above, the 
latch 430 is timing of Sending a termination control Signal is 
Set to be earlier than the latch 423 is timing of Sending a data 
Signal by more than a length of time required for Switching 
over the operation of the bus interface circuit into the 
operation as the terminating driver. 
0169. With the above arrangement, a data signal can be 
output on the bus after the operation of the bus interface 
circuit at the remotest end position has been Switched to the 
operation as the terminating driver. 
0170 The termination control signal is preferably pulled 
up or pulled down to prevent it from being indeterminate. 
0171 In the fourth embodiment, when a certain bus 
interface circuit outputs a Signal on the bus, the bus interface 
circuit arranged at the remotest end position from the 
Sending bus interface is Switched to the terminating driver. 
With this scheme, whichever bus interface circuit outputs a 
Signal on the bus, the termination of Signal transfer is 
performed on the bus interface at the remotest end from the 
Sending bus interface. Therefore, data transfer with reduced 
waveform distortion and leSS noise can be achieved and a 
high-speed bus can be realized. 
0172 The fourth embodiment of the present invention 
has been described. 

0173 Description will move on to a fifth embodiment of 
the present invention. 
0.174 FIG. 20 is a schematic configuration diagram of 
the bus system to which a fifth embodiment of the present 
invention is applied. The components which have the same 
functions as those in the third embodiment are designated by 
the same reference numerals. 

0175. In FIG. 20, reference numerals 44a to 44e denote 
bus interface circuits. The bus interface circuits 44a to 44e 
are respectively connected through their corresponding Stub 
lines to the main line 30. 

0176 Reference numerals 45a to 45e denote terminal 
circuits. Each of the terminal circuits 45a to 45e includes a 
resistor (Rtt) 452, which is connected at one end to a 
constant-voltage source (Vtt) 451, and a switch 453, which 
is inserted between the other end of the resistor 452 and the 
main line 30. The terminal circuits 45a to 45e are each 
arranged on the main line 30 at the remotest end position in 
terms of electrical characteristics from the bus interface 
circuits 44a to 44e of the corresponding numerals (for 
example, the bus interface circuit 44a corresponds to the 
terminal circuit 45a). The bus interface circuits are con 
nected to the main line 30 so as to be symmetrical in 
electrical characteristics with respect to a center line con 
necting between any one of the bus interface circuits and its 
corresponding terminal circuit. 
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0177 Reference numerals 46a to 46e denote termination 
control Signal drivers provided on a one-to-one correspon 
dence with the bus interface circuits 44a to 44e. When a bus 
interface circuit Sends a data Signal onto the main line 30, the 
corresponding termination control signal driver at the Send 
ing end transmits a Signal to the termination control Signal 
driver at the remotest end of data transfer. The Signal is a 
termination control signal to turn on the Switch 453 of the 
terminal circuits 45a to 45e corresponding to the bus inter 
face circuit. 

0178. In the bus system according to the fifth embodi 
ment, for example, when the bus interface circuit 44a Sends 
a signal onto the main line 30, the terminal signal control 
driver 46a associated with the bus interface circuit 44a 
outputs a termination control Signal on the Signal line S1. In 
the terminal circuit 45a, the Switch 453 is turned on in 
response to the termination control Signal. More Specifically, 
the resistor 452 is connected to the main line 30. 

0179 AS described above, in the fifth embodiment, when 
any one of the bus interface circuits 44a to 44e sends a 
signal, the bus is terminated by the terminal circuit 45a to 
45e at the remotest end from the bus interface circuit at the 
Sending end. 

0180 A signal is transmitted from a bus interface circuit 
and Signals going clockwise and counterclockwise on the 
main line 30 almost Simultaneously reach the connection 
point between the main line 30 and the terminal circuit at the 
remotest end with respect to the bus interface circuit at the 
sending end. Nevertheless, in the fifth embodiment, the 
occurrence of reflected waves can be Suppressed by con 
necting the resistor 452 of the terminal circuit at the remotest 
end position through the Switch 453 to the main line 30. 

0181 Furthermore, in the fifth embodiment, because 
relatively simple devices, Such as a terminating resistor and 
a Switch, are used in the terminal circuit, the logic circuits 
can be prevented from becoming complicated. 

0182. The fifth embodiment of the present invention has 
been described. 

0183 Finally, description will be given of an information 
processing unit using the bus Systems according to the first 
to the fifth embodiments. 

0184 FIG. 21 is a schematic configuration diagram of 
the information processing unit using the embodiments of 
the present invention. 

0185. In this example, the main lines described when 
reference was made to the respective embodiments are 
applied to a multiprocessor buS 61, a memory buS 62 and an 
I/O bus 63. 

0186 A plurality of processors 611 and a communication 
processor 612 are respectively connected to the multipro 
cessor bus 61 through the stub lines. 

0187. A plurality of memories 621 are respectively con 
nected to the memory bus 62 through stub lines. 

0188 A plurality of I/O ports 631 for connection to I/O 
units, including external memories, Such as a hard disk, and 
display units are connected to the I/O bus 63 through the 
stub lines. 
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0189 Those buses 61 to 63 are interconnected through an 
I/O bridge 64. 

0190. Though not illustrated, modules (processors, 
memories, etc.) that are connected to the buses 61 to 63 each 
include any one of the buS interface circuits described in the 
respective embodiments. The buses 61 to 63 are terminated 
by matched termination by any one of the termination 
methods described in the respective embodiments. 

0191 By applying the first to the fifth embodiments to the 
buses in the respective hierarchical levels of the information 
processing unit, Speedup of the whole System can be 
achieved. 

0.192 AS has been described, according to the present 
invention, the Signal propagation time between the modules 
connected to the bus can be shortened, with the result that 
the System performance can be enhanced. 

What is claimed is: 

1. A bus System for data transfer among a plurality of 
interface circuits, comprising: 

at least two main lines connected together at both opposite 
ends, and 

a plurality of Stub lines provided on a one-to-one corre 
spondence with Said plurality of interface circuits and 
connecting the corresponding interface circuits to one 
of Said at least two main lines. 

2. A bus System according to claim 1, wherein Said 
plurality of Stub lines, connected to Said at least two main 
lines connected together at opposite ends, are equally 
Spaced. 

3. AbuS System according to claim 1, wherein Said Stub 
lines are not connected to one of Said at least two main line. 

4. AbuS System according to claim 1, wherein resistors, 
each having a constant Voltage applied, are connected at the 
electrically remotest end positions on Said at least two main 
lines connected together at opposite ends. 

5. A bus System for data transfer among a plurality of 
interface circuits, comprising: 

a main line formed in a ring; 
a data-transmitting interface circuit connected through a 

Stub line to Said main line; 

a resistor having a constant Voltage applied, and con 
nected to Said main line at the electrically remotest end 
position from Said data-transmitting interface circuit; 
and 

a plurality of interface circuits for data reception, respec 
tively connected to Said main line through stub lines. 

6. A bus System according to claim 5, wherein Said 
plurality of data-receiving interface circuits are connected to 
Said main line So as to be electrically Symmetrical with 
respect to a center line connecting Said data-transmitting 
interface circuit and Said resistor. 

7. AbuS System according to claim 5, wherein Said resistor 
is at a value almost equal to a half of the characteristic 
impedance of Said main line. 
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8. AbuS System for data transfer among a plurality of 
interface circuits, comprising: 

a main line formed in a ring, 
a data-transmitting interface circuit connected to Said 
main line through a stub line; 

a constant-voltage Supply driver connected to Said main 
line at the electrically remotest end position from Said 
data-transmitting interface circuit; and 

a plurality of data-receiving interface circuits connected 
respectively to Said main line through the Stub lines, 
wherein: 

Said data-transmitting interface circuit has means for 
outputting a control Signal before transmitting data 
onto Said main line, and 

Said driver outputs a constant Voltage in response to 
Said control Signal. 

9. A bus System according to claim 8, wherein Said 
plurality of data-receiving interface circuits are connected to 
Said main line So as to be electrically Symmetrical with 
respect to a center line connecting Said data-transmitting 
interface circuit and Said driver. 

10. Abus system according to claim 8, wherein said driver 
has an output impedance at a value equal to a about half of 
the characteristic impedance of Said main line. 

11. A circuit board having a bus System according to claim 
8 mounted thereon, wherein Said main line is formed by at 
least two signal layers included in Said circuit board. 

12. A bus System for data transfer among a plurality of 
interface circuits, comprising: 

a main line formed in a ring, 
a plurality of Stub lines connecting Said plurality of 

interface circuits to Said main line; and 
a plurality of resistors having a constant Voltage applied, 

and provided on a one-to-one correspondence with Said 
plurality of interface circuits, wherein: 
each of Said resistorS is connected to Said main line 

through a Switch at the electrically remotest end 
position from the corresponding interface circuit, 
and 
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each of Said interface circuits has means for outputting 
a control Signal to turn on the Switch connected to the 
corresponding resistor before Sending data onto the 
main line. 

13. A bus System according to claim 12, wherein Said 
plurality of interface circuits are connected through Stub 
lines to Said main line So as to be equally Spaced. 

14. AbuS System according to claim 12, wherein each of 
Said resistorS has a resistance value equal to about a half 
value of the characteristic impedance of Said main line. 

15. A circuit board having a bus System according to claim 
12 mounted thereon, wherein Said main line is formed by at 
least two signal layers included in Said circuit board. 

16. A circuit board according to claim 12, wherein Said 
interface circuits are mounted on another circuit board 
attachable and detachable, through a connector, to and from 
Said circuit board having Said main line formed thereon. 

17. AbuS System for data transfer among a plurality of 
interface circuits, comprising: 

a main line formed in a ring, and 
a plurality of Stub lines connecting Said plurality of 

interface circuits to Said main line; 

wherein each of Said interface circuit comprises: 
means for outputting a control Signal to another inter 

face circuit at the electrically remotest position on 
Said main line, and 

a driver for Supplying a constant Voltage to Said main 
line in response to a control signal from one of Said 
another interface circuits. 

18. A bus System according to claim 17, wherein Said 
plurality of interface circuits are connected to Said main line 
So as to be electrically Symmetrical with respect to the center 
of Said main line in a ring form. 

19. A bus system according to claim 17, wherein said 
driver has an output impedance equal to about a half value 
of the characteristic impedance of Said main line. 

20. A circuitboard having a bus System according to claim 
17 mounted thereon, wherein said main line is formed by at 
least two signal layers included in Said circuit board. 


