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(57) Abrege(suite)/Abstract(continued):
connected to each of ones of the multiplexers included in the certain layer and being currently related to a signal selection, while the

relay switch Is turned off which Is connected to each of the other ones of the multiplexers included In the certain layer. In this way,
the resistance and capacitance components of the multiplexers corresponding to the relay switches that are turned off can be
separated from the tree structure to reduce the values of the time constants CR that affect the working speeds of the multiplexers.
This eliminates the problem that the working speed of the whole multiplexer circuit Is reduced due to increase of the time constants.
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ABSTRACT

Relay switches are provided between the output
terminals of multiplexers in a certain layer 1n a tree

structure and an input terminal of amultiplexer in a layer

that 1is one level higher than the certain layer; the relay
switchconnectedtothemultiplexer, amongthemultiplexers
inthe certain layer, that is involved in selectinga signal
1s turned ON and the relay switches connected to the other

multiplexers are turned OFF, whereby the resistance

components and the capacitance components of the
multiplexers whose corresponding relay switches have been

turned OFF can be disconnected from the tree structure,

thereby reducing the value of the time constant CR that

affectstheoperatingspeedof themultiplexer. Asaresult,

the disadvantage that the increase 1n the time constant
decelerates the operating speed of the entire multiplexer

circult can be suppressed.
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SPECIFICATION

MULTIPLEXER CIRCUIT

[Technical Field]

The present inventionrelatestoamultiplexercircuit
that switches a plurality of signals that are inputted
thereto 1n parallel with one another, thereby selecting

the signals one by one, and outputs the signals in series.

|Background Art]

As1llustratedinFigurel, aconventional and commonly
used multiplexer circuit 50 is configured in such a way

that 1nput signals that are supplied in parallel to a

plurality of input terminals 51, 51.,, ..., 51_, are

sequentially switched and outputted one by one from an

output terminal 52, as a serial signal.

ﬁ

In addition, in the case where the number of signals

that are 1nputted 1n parallel with one another 1is

considerably large, a plurality of multiplexers 63_;,

03.2, ..., 63.4, 64_; may be connected in a tree fashion,

as i1llustratedin Figure 2, soas toconfigureamultiplexer

clrcuilt.

In a multiplexer circuit 60 illustrated in Figure 2,

front-stagemultiplexers 631, 63_5, ..., 63, sequentially

switch respective input signals supplied in parallel to
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lnput terminals 61_17, ©61.12, ..., 61l_1n; 61_57, 61_55, ...,
0l ons . ..7 61 3, 6142, ..., 61l_4n, and output to a rear-stage
multiplexer 64_, the selected signals one by one. Then,

the rear-stage multiplexer 64_; sequentially switches the

signals supplied in parallel from the front-stage

multiplexers 63.;, 632, ..., 634, andoutputs froman output

terminal 62 the signals one by one.

Multiplexer circuits configured, as described above,

of a plurality of multiplexers connected in a tree fashion
are disclosed in Patent Literatures 1 and 2 and the like.
Patent Literature 1: Japanese Patent Laid-Open No.

0-110399

Patent Literature 2: Japanese Patent Laid-Open No.

o—17792

Meanwhile, each multipilexer has a load consisting of
a resistance component R and a capacitance component C.
The resistance component R and the capacitance component
Cﬁconsiderably atfect the operating speed

-~

(signal-switching time) of the multiplexer. 1In other

words, the multiplication product CR of the resistance

component R and the capacitance component C, as a time

constant, affects the duration from a time point when the
multiplexer switches signals to be selected to a time point

when the ON-state of theselectedsignal line isestablished

and the signal can stably read. Accordingly, even when

only the value of any one of the components becomes large,
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the signal-switching speed of the multiplexer is reduced.
Thus, 1n order to accelerate the operation of the

multiplexer, i1t is desired to reduce the values of the
resistance component R and the capacitance component C.

However, in the case where a multiplexer circuit is

configured of a plurality of multiplexers connected in

a tree fashion, the respective resistance components R
and capacitance components C of each stage that are
connected through selected signal lines are connected in

cascade; therefore, therespectivevaluesof the components

are summed, whereby the time constant becomes large. 1In

the example illustrated in Figure 2, e.g., in the case

where the signal line through a certain input terminal

1s selected at the front-stage multiplexer 63.; and the

rear-stage multiplexer 64_; selects the signal line from

the multiplexer 63.;, the resistance component Rg¢3.; and

the capacitance component Cg3.; of the front-stage

multiplexer 63_.; and the resistance component Rg¢s_; and the

F

capacitance component Cgq-; 0of the rear-stage multiplexer

©0d_) are connected in cascade; therefore, the time-constant

value becomes so large as (Rg3-1 + Rgg-1) X (Cgzoq + Cga-1) .

The total time constant becomes large in proportion

to the depth of the tree-structure hierarchy, whereby the

-

problem that the operating speed of the multiplexer is

reduced becomes conspicuous. However, in the case where

thenumber of signals, whichareinparallel withone another
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and are required to be selected and outputted one by one,
1s extremely large, the tree-structure hierarchy of the
multiplexer circuit needs to be deepened to some extent.
That 1s because, if a great number of multiplexers are

connected 1n parallel in the same laver, the value itself

of the capacitance component C produced in eachmultiplexer

becomes large. Accordingly, conventional multiplexer

circuits configured of a plurality of multiplexers

connected 1n a tree fashion have by no means been able

to avert the problem that the operating speed is reduced.

In addition, a technique has been proposed in which,

the signal-switching speed of a relay selection circuit

configured of a plurality of relay switches connected in

a tree fashion can be reduced, by making the ON periods

P

of the relay switches overlap (e.qg., refer to Patent

Literature 3).

Patent Literature 3: Japanese Patent Laid-Open No.

2000-67722

However, the technique disclosed in Patent Literature

3 utilizes relay switches instead of multiplexers. The
relay selection circuit disclosed in Patent Literature

3 can eliminate the long duration, required by a relay

switch, from a time point when signals are switched to
a time point whentherelayswitchbecomes stable: therefore,

1t 1is not effective Lo apply the relay selection circuit
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directly to the multiplexer circuit 60 1llustrated 1in

Figure 2. The réason for that will be described below.

In general, when a relay switch selects and outputs

asignal, apredeterminedtime 1srequlired. Inotherwords,

the predetermined time is required during which the relay

switch 1s selected and then becomes completely ON.

Although multiplexers also requlire a predetermined time,
the predetermined time required to switch themultiplexers

is significantly short, compared with the predetermined

time required toswitchrelay switches. Specifically, the
predetermined time required to switch signals by a
multiplexer 1is only approximately 200 ns (nanoseconds).

Accordingly, anultrafast clock signal having a cycle
shorter than 200 ns 1is required, 1norder tomakeaplurality
of multiplexers operate in a pipeline fashion, with their
ON periods overlapped. However, 1t 1s not easy to

accurately control the pipeline operation, by utilizing

an ultrafast clock signal; therefore, 1t 1s difficult to

realize the pipeline operation. Provided the pipeline

operationisrealized, aproblemthat the power consumption

lncreases 1s posed.

Additionally, the prolonged time that, due to
connecting a plurality of multiplexers in a tree fashion,
1s caused by the increase 1n the time constant has more
effect than the significantly short time has that is saved

by pipelining switching actions to be completed in 200
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ns, 1.e., inanextremely short time; therefore, even though
a plurality of multiplexers connected i1n a tree fashion
1s simply made to operate inapipeline fashion, theoverall
processing speed of the multiplexer circuit cannot be
accelerated sufficiently.

Patent Literatures 1 and 2 described above also
disclose that a plurality of multiplexers connected in

a tree fashion 1s made to operate 1in a pipeline fashion,

wlith their ON periods overlapped; however, the foregoing

problems exist in this method.

[Disclosure of the Invention]

The present 1invention has been 1mplemented so as to

o
—

solve the foregoing problems and the objective thereof

1s to make 1t possible to shorten the time in which a

F

multiplexer sequentially switches a plurality of signals

that are 1inputted thereto 1n parallel with one another

and oUtputs the signals onelmycnmm'twraccelerating the

r—

operating speed of

the multiplexer.

In order to solve the foregoing problems, in a
multiplexer circuilt according to the present invention,
relay switches are provided between the output terminals

ﬁ

of multiplexers in a certain layer in a tree structure

and an 1nput terminal of a multiplexer in a layer that

1s one level higher than the certain laver.
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According to the present invention configured as

described above, the relay switch connected to the

multiplexer, among a plurality of multiplexers 1n the
certain layer, that 1s 1nvolved 1n selecting a signal 1s
turned ON and the relay switches connected to the other
multiplexers are turned OFF, whereby the resistance
components and the capacitance components of the
"multiplexers whose corresponding relay switches have been

turned OFF can be disconnected from the tree structure,

thereby reducing thevalueof the time constant that affects

the operatingspeedof themultiplexercircuit. Asaresult,

the disadvantage that the increase in the time constant,

due to cascade connectionof thepluralityofmultiplexers,
decelerates the operating speed of the entire multiplexer
cilrcult can be suppressed.

Moreover, 1n another aspect of the present 1nvention,
a plurality of multiplexers exist 1n a certain layer, a

pluralityof relayswitches areprovidedbetween the output

terminals of the plurality of multiplexers and an input
terminal of a multiplexer in a layer that 1s one level
higher than the certain layer, and ON periods of at least

two relay switches among the plurality of relay switches

overlap each other.

Ac'cording to another aspect of the present invention,

configured as described above, when a certain relay switch

1s turned ON and a multiplexer connected thereto selects
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a signal, at least one more relay switch is turned ON.
Therefore, when the multiplexer utilized for selecting
a signal i1s switched to the next multiplexer, it is not
required to wait a long time in which a relay switch that
has been 1n OFF state is turned ON, because the ON state
of that relay switch connected to the selected new
multiplexer has already beenestablished. Inother words,
1t takes a relatively long time for a relay switch in OFF
state to be turned ON; however, it is possible to make
a plurality of multiplexers operate continuously and
sequentially, without waiting such a long time.

-

Sti1ll moreover, in another aspect of the present

invention, a plurality of multiplexers belonging to a
certain layer and a plurality of relay switches connected

thereto are divided into a plurality of blocks, and each

block 1s connected to an input terminal of a multiplexer

1n the layer that is one level higher than the certain

layer.

According to another aspect of the present invention,

configured as described above, a small number of
multiplexers and relay switches connected in parallel can
prevent the value itself of the capacitance component of

each multiplexer and the value itself of the capacitance

—

component of each relay switch from becoming large.

Accordingly, even though the multiplexers and the relay

switches actually selecting signals are connected in
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cascade, each capacitance component is small, whereby the

value of the total time constant canbe reduced. Asaresult,
the disadvantage that the increase:Ultimztime'constant,

due to cascade connectionof thepluralityofmultiplexers,

decelerates the operating speed of the entire multiplexer

circuit can be suppressed.

Furthermore, 1n another aspect of the present
invention, when ON periods of at least two relay switches
among a plurality of relay switches are made to overlap
each other, the ON periods of relay switches belonging

to different blocks are made to overlap each other.

According to another aspect of the present invention
configured as described above, even though a plurality
of relay switches exist that are in ON state in such a
way as to overlap one another, a multiplexer in a higher
layer 1s not in a state in which a signal is selected,

wherebyall relay switches except foracertainrelay switch

are disconhected from a tree structure; therefore, the
resistance components and the capacitance components of
the multiplexers, 1in a lower layer, that are connected
totﬂuacorrespondingIxﬂ@ufswitchescﬂﬁmn:thantﬁmacertain
relay switch can be disconnected from the tree structure,
thereby further reducing the value of the time constant

that affects the operating speed of the multiplexer

circult.
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[Brief Description of the Drawings]
Figure 1 is a diagram illustrating an example of the

configuration of a conventional multiplexer circuit;

Figure 2 is a diagram illustrating another example

of theconfigurationofaconventionalmultiplexercircuit;

Figure 3 is a diagram illustrating an example of the

configuration of a multiplexer circuit according to the

present embodiment; and

Figure 4 is a timing chart representing an example

P

0f the operation of a multiplexer circuit according to

the present embodiment.

| p—

Best Mode for Carrying Out the Invention]

An embodiment of the present invention will be

explained below, with reference to the drawings. Figure

i
.

3 1s a diagram illustrating the configuration of

a
multiplexercircuitlOaccordingtothepresent embodiment.

As 1llustrated in Figure 3, the multiplexer circuit

10 according to the present embodiment configured of a

plurality of multiplexers 1., 1., 1.3, 1.4, 2_c, 2_¢, 2_7,

2.g, and 3.9 connected 1in a tree structure. Among the

pluralityofmultiplexers, thefirsttofourthmultiplexers

L.y, to 1.4 and the fifth to eighth multiplexers 2. to 2.

pelong to a first layer; the ninth multiplexer 3.4 belongs

to a second layer that is one level higher than the first

layer.
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Among thepluralityofmultiplexersinthe first layer,

the first to fourthmultiplexers 1 to 1. 4belong toa first

block 1B, and the fifth to eighth multiplexers 2.5 to 2_g

belong to a second block 2B. The reason why the plurality

of multiplexers 1., to 1.4 and 2.5 to 2.3 that belong to the

same layer, 1.e., the first layer are divided into a

plurality of blocks 1is to enable parallel processing with

ON periods of the plurality of multiplexers overlapped,

as described later.

F

Fach of the multiplexers 1.; to 1.4, 2.5 to 2.5 and 3_g

sequentially switches a plurality of signals supplied in

parallel andoutputs the signalsonebyone. Inother words,

the firstmultiplexer 1_; sequentially switchesaplurality

—

of signals supplied in parallel to four input terminals

11.y, 11,, 115, and 11_4 and outputs the signals one by

one. The second multiplexer 1., sequentially switches a

pr—

plurality of signals supplied in parallel to four input

terminals 12, 12,, 123, and 12_4 and outputs the signals

onebyone. Thethirdmultiplexer l_3sequentiallyswitches

*

a plurality of signals supplied in parallel to four input

terminals 13.;, 13-, 13_.3, and 13.4 and outputs the signals

one by one. The fourth multiplexer 1., sequentially

switches a plurality of signals supplied in parallel to

four input terminals 14.,, 14_,, 14_5, and 14_, and outputs

the signals one by one.
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Additionally, the fifth multiplexer 2.5 sequentially

switches a plurality of signals supplied 1in parallel to

four input terminals 215, 21, 213, and 21_, and outputs

the signals one by one. The sixth multiplexer 2_g

-

sequentially switches a plurality of signals supplied 1in

parallel to four input terminals 22.,, 22,5, 22_3, and 22_4

andoutputsthesignalsonebyone. Theseventhmultiplexer

2_7 sequentially switches a plurality of signals supplied

in parallel to four input terminals 23.;, 23_,, 23-3, and
23_4 and outputs the signals one by one. The eighth
multiplexer 2.3 seguentially switches a plurality of
signals supplied in parallel to four input terminals 24_y4,

24_,, 243, and 24_4 and outputs the silignals one by one.

In addition, the ninth multiplexer 3.g sequentially

switches a plurality of signals 1nputted from the first
and second blocks 1B and 2B and outputs from an output

terminal 30 the signals one by one. In this situation,

a signal 1nputted from the first block 1B to the ninth

multiplexer 3.9 1is outputted fromone of the first to fourth

multiplexers 1; to 1.4. Additionally, a signal inputted

from the second block 2B to the ninth multiplexer 3.9 1is

outputted from one of the fifth to eighth multiplexers
2_5 o 2—8 .
In the present embodiment, eight relay switches 4_;

to 4.4 and 5.5 to 5_.g are provided between the eight

multiplexers 1., to 1.4 and 2.5 to 2.4 1n the first lavyer
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and the ninth multiplexer 3.9 in the second layer that is

one level higher than the first layer. That is because,

@ p—

1f an extremely great number of multiplexers are connected

in parallel (too many respective output terminals are
integrally connected to a signal line), the value of the

capacitance component C produced in each multiplexer

pecomes large.

That 1s to say, with regard to the first block 1B,

the first relay switch 4_; is provided between the output

terminal of the firstmultiplexer 1.7 and the input terminal

of the ninth multiplexer 3.4. The second relay switch 4.,

-

1s provided between the output terminal of the second

ﬁ

multiplexer 1., and the input terminal of the ninth

multiplexer 3.9. The third relay switch 4.3 is provided
petween the output terminal of the third multiplexer 1_;
and the 1nput terminal of the ninth multiplexer 3_4.
Additionally, the fourth relay switch 4., is provided

between the output terminal of the fourth multiplexer 1_,

and the input terminal of the ninth multiplexer 3.5. The

p—

respective output terminals of the four relay switches

4.1 to 4.4 that belong to the block 1B in the first layer

are connected to a single signal line, thereby being

connected to theone input terminal of theninthmultiplexer

3.9 1n the second layer.

Additionally, with regard to the second block 2B, the

fifth relay switch 5.5 is provided between the output

R DEETL PRI [ WP € -0 ram |
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Cerminal of the fifthmultiplexer 2_5and the input terminal

of the ninth multiplexer 3_9. The sixth relay switch 5_¢

1s provided between the output terminal of the sixth

multiplexer 2_4 and the input terminal of the ninth

multiplexer 3.9. The seventh relay switch 5.7 is provided

ﬁ

between the output terminal of the seventh multiplexer

Z-7 and the input terminal of the ninth multiplexer 3_,.
Additionally, the eighth relay switch 5.3 is provided
petween the output terminal of the eighth multiplexer 2_q

p—

and the input terminal of the ninth multiplexer 3.3. The

respective output terminals of the four relay switches

5.5 to 5. that belong to the block 2B in the first layer

are connected to a single signal line, thereby being

connected to the other input terminal of the ninth

multiplexer 3.3 in the second laver.

In the present embodiment, the relay switches 4_; to

4 4andS>_sto S gareoperatedinsuchawaythat the respective

F

ON periods of at least two of the relay switches 4., to

4_4 and 5.5 to 5.3 overlap each other. Figure 4 is a timing

F
s

chart representing an example of the operation of a

multiplexercircuitl0accordingtothepresent embodiment.

In the example in Figure 4, the relay switches 4_; to

4_4and5_sto S5 gareoperatedinsuchawaythat the respective

ﬁ

ON perlods of two of the relay switches 4.; to 4_, and 5_g

to 5. overlap each other. In other words, in the first

place, the first relay switch 4., is turned ON, and the
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fifth relay switch 5.¢ is then turned ON before the first

relay switch 5.7 1s turned OFF. As a result, the second

half of the ON period of the first relay switch 4., and

the first half of the ON period of the fi1fth relay switch

o5 overlap each other.

Because, immediately after the first relay switch 4.,

1s turned ON, the ON state thereof has not been established

vet, the first multiplexer 1., 1s made active (ON-state),

at the second half of the ON period of the first relay

switch 4.y. In this situation, the ON state of the
multiplexer 1s established 1in a short time, compared with
the relay switch; therefore, the multiplexer can
immediately become active to select a signal. The first

multiplexer 1.7 that has been activated sequentially

switches a plurality of signals supplied in parallel to

thefOueran:terminals]le,114y 115, and 11.4 and outputs

the signals one by one. At this moment, the ON state of

the first relay switch 4_; has been established; therefore,

the serial signals outputted from the first multiplexer
1, are sequentially inputtedthroughthefirst relayswitch

4_, to the ninth multiplexer 3_j.

At this moment, the ninthmultiplexer 3. ¢ has also been

activated and has been switched so as to select an output

signal from the first block 1B. As a result, the serial

signals outputted from the first multiplexer 1.; are

sequentially outputted from the output terminal 30, by
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way of the first relay switch 4.; and the ninth multiplexer
3-9.

Zhladdition,whiletjmyfirstmultiplexer1_1isoperated

as described above, the other multiplexers, i.e., the
second to eighth multiplexers 1., to 1_, and 2.5 to 2.g may
pe OFF-state or ON-state (OFF-state, in the example 1in
Figure 4) . fﬂmatif;because~thecﬂjumfmultiplexers, l1.e.,
the second to eighth multiplexers 1., to 1_, and 2.5 to 2_g
are all disconnected fromsignal selection lines, whereby,
even though they are ON-state, the resistance components

R and capacitance components C are not connected in cascade

Lo enlarge the value of the time constant.

In other words, the second to fourth multiplexers 15

to 14 and the sixth to eighth multiplexers 2.4 to 2_4 are

disconnected from the signal selection lines, because the

relay'switchesrLgtxJ4q;and516tx>54;aresﬂﬁ11 OFF-state.

Additionally, the fifth multiplexer 2. is disconnected

from the signal selection lines, because, even though the

relay switch 5.5 is ON-state (however, the ON state has

not been established yet), the ninth multiplexer 3.5 in

the second layer has not been in a state in which the ninth

multiplexer 3.4 selects an output signal from the second

block 2B. That is to say, only the first multiplexer 1_,

and the ninthmultiplexer 3_¢ are connected with each other

py way of the first relay switch 4_;.
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Next, the second relay switch 4., 1s turned ON before

the fifth relay switch 5.5 1s turned OFF. As a result,

the second half of the ON period of the fifth relay switch

5.5 and the first half of the ON period of the second relay

switch 4_, overlap each other. Because, immediately after

the fifthrelay switch5.sis turnedON, the ON state thereot

has not been established yet, the fifth multiplexer 2_s

1s made active (ON-state), at the second half of the ON

period of the fifth relay switch 5.5.

Meanwhile, as described above, part of the ON period

of the first relay switch 4., and part of the ON period

of the fifth relay switch 5.5 overlap each other. As a

result, when, after the operation of the first multiplexer

1.1 is completed and then the fifth multiplexer 2.5 1s

activated, the ON state of the fifth relay switch 5.5 has

alreadybeenestablished. Accordingly, immedlatelyafter

the operation of the first multiplexer 1.1 1s completed,

thefifthmultiplexerZ2.scanbeselectedtooperate, without

waliting until the ON state of the fifth relay switch 5_s

has been established.

The fifth multiplexer 2.5 that has been activated

sequentially swilitches a plurality of signals supplied in

parallel to the four input terminals 21, 21.,, 21_5, and
21_4 and outputs the signals one by one. At this moment,

the ON state of the fifth relay switch 5_.¢ has been

established; therefore, the serial signals outputted from
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the fifthmultiplexer 2.sare sequentially inputted through
the fifth relay switch 5.5 to the ninth multiplexer 3.9.

At this moment, the ninthmultiplexer 3¢ has also been

activated and has been switched so as to select an output

signal from the second block 2B. In addition, as 1s the

case with the operation in which the selection 1s changed

from the first multiplexer 1.7 to the fifth multiplexer

2.5, the operation, 1in the ninth multiplexer 3.3, 1in which

the selection 1s changed from the first block 1B to the

second block 2B can rapidly be 1mplemented. As a result,

the serial signals outputted from the fifth multiplexer

2_5 are seqgquentially outputted from the output terminal

p—
-

30, by way of the fifth relay switch 5.5 and the ninth

multiplexer 3_g.

Inaddition, whilethefifthmultiplexer?2_¢isoperated
as described above, the other multiplexers 1.; to 1.5, and
2.¢ to 2_g may be OFF-state or ON-state.

Next, the sixth relay switch 5.¢ 1s turned ON before
the second relay switch 4., is turned OFF. As a result,

ﬁ
—

the second half of the ON period of the second relay switch

4_, and the first half of the ON period of the sixth relay

switch S_g overlap each other. Because, immediately after
the secondrelayswitchd4d_,1is turnedON, theON state thereof
has not been established yet, the second multiplexer 1_,

1s made active (ON-state), at the second half of the ON

period of the second relay switch 4.,.
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Meanwhile, as described above, part of the ON period

of the fifth relay switch 5.5 and part of the ON period

of the second relay switch 4., overlap each other. As a

result, when, after the operation of the fifthmultiplexer

2.5 1s completed and then the second multiplexer 1_, is

activated, the ON state of the second relay switch 4_, has

alreadybeenestablished. Accordingly, immediatelyafter

P

CLhe operation of the fifth multiplexer 2.5 is completed,

the second multiplexer 4_, can be selected to operate,
without waiting until the ON state of the second relay
switch 4_, has been established.

The second multiplexer 1., that has been activated
sequentially switches a plurality of signals supplied in
parallel to the four input terminals 12.;, 12.,, 12_3, and
124 and outputs the signals one by one. At this moment,

the ON state of the second relay switch 4., has been

established; therefore, the serial signals outputted from

the second multiplexer 1., are sequentially inputted
through the second relay switch 4., tothe ninth multiplexer
3_g.

At this moment, the ninthmultiplexer 3.4 has also been

actlvated and has been switched so as to select an output

signal from the first block 1B. 1In addition, as is the

case with the operation in which the selection is changed

‘rom the fifth multiplexer 2.5 to the second multiplexer

| — |

1.2, the operation in which the selection is changed from
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the second block 2B to the first block 1B can rapidly be

implemented. As a result, the serial signals outputted

from the second multiplexer 1., are sequentially outputted

from the output terminal 30, by way of the second relay

switch 4_, and the ninth multiplexer 3_g.

In addition, while the second multiplexer 1., 1s
operated as described above, the other multiplexers 1.4,

13, 14 and 2_¢ to 2.3 may be OFF-state or ON-state.

Next, the third relay switch 4.3 1s turned ON before

the sixth relay switch 5.¢ 1is turned OFF. As a result,

the second half of the ON period of the sixth relay switch

—

5.6 and the first half of the ON period of the third relay

ram—

switch 4_3 overlap each other. Because, immediately after

the sixth relay switch 5_41s turned ON, the ON state thereof

has not been established yet, the sixth multiplexer 2Z_g

1s made active (ON-state), at the second half of the ON

P

period of the sixth relay switch 5._g.

F

Meanwhile, as described above, part of the ON period

of the second relay switch 4., and part of the ON period

F
-

of the sixth relay switch 5_g overlap each other. As a

result, when, after the operationof the secondmultiplexer

1, 1s completed and then the sixth multiplexer 2_¢ 18

activated, the ON state of the sixth relay switch 5. ¢ has

already beenestablished. Accordingly, immediatelyafter

the operation of the second multiplexer 1., is completed,

thesixthmultiplexer 2 ¢canbeselectedtooperate, without
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walting until the ON state of the sixth relay switch 5.

has been established.

The sixth multiplexer 2.4 that has been activated

P

sequentially switches a plurality of signals supplied in

parallel to the

| —_—

‘our input terminals 22.,, 225, 22_3, and

224 and outputs the signals one by one. At this moment,

the ON state of the sixth relay switch 5.4 has been

established; therefore, the serial signals outputted from
the sixthmultiplexer 2_gare sequentially inputted through
the sixth relay switch 5.¢ to the ninth multiplexer 3_g.

At this moment, the ninthmultiplexer 3.4 has also been

activated and has been switched so as to select an output

signal from the second block 2B. In addition, as 1s the

case with the operation in which the selection 1s changed

from the second multiplexer 1., to the sixth multiplexer

2-¢, the operation 1n which the selection is changed from

the first block 1B to the second block 2B can rapidly be

implemented. As a result, the serial signals outputted

from the sixth multiplexer 2.4 are sequentially outputted

-

from the output terminal 30, by way of the sixth relay

switch 5.4 and the ninth multiplexer 3.g.

Inaddition, while the sixthmultiplexer 2-¢1soperated
as described above, the other multiplexers 1.; to 1., and
2_5, 2.7, and 2_g may be OFF-state or ON-state.

Similarly hereinafter, by keeping the ON periods of

the relay switches overlapped, e.g., the seventh relay
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switch 5.7, the fourth relay switch 4_¢, and the eighth relay

switch5 ginthat order, therelayswitchesare sequentially

turned ON and the multiplexers are sequentially turned

(ML,e.g.,thetﬁanimultiplexer]ﬁ3,theswﬂmnﬂjdmultiplexer
27, the fourthmultiplexer 1.4, and the eighthmultiplexer

2_g 1n that order.

While, as described above, the first to fourth

multiplexers 1; to 1.4 in the first block 1B and the fifth

to eighth multiplexers 2.5 to 2.4 in the second block 2R

operate alternately and continuously, the ninth

nmltiplexerilgij;alwaysthstateeuuialternateLyselects

the first block 1B and the second block 2B. The ninth

multiplexer 3.9 in ON state sequentially switches a

P

plurality of signals supplied from the first to e1ghth

multiplexers]_1tc>L4emmj2_5t02&@enujoutputs1ju3signals

one py one from the output terminal 30.

As explained heretofore, according to the present

empbodiment, the relay switches 4., to 4_4 and 5.5 to 5.4 are

provided between the respective output terminals of the

multiplexers 1.; to 1.4, and 2. to 2.4 in the first layer

and the corresponding input terminals of the ninth

multiplexer 3.9 in the second layer, in a tree structure;

therefore, by turning OFF the relay switches connected

to the multiplexers, in the first layer, that are not in

the signal-selection period, the resistance components

R and the capacitance components C of the multiplexers,
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in the first layer, whose corresponding relay switches

are turned OFF can be disconnected from the tree structure.

As aresult, thevalueof the time constant CR, whichaffects
the operating speed of the multiplexer circuit 10, can

be suppressed from increasing. In addition, 1n general,

ﬂ

the resistance of a relay switch 1s sufficiently small,

comparedwith that of amultiplexer; therefore, even though
a relay switch is connected with amultiplexer in cascade,
the value of the serial resistance can be reduced compared
wlith the case where multiplexers are connected 1n cascade
wlith each other, whereby the value of the time constant

CR can be reduced.

Moreover, 1n the present embodiment, themultiplexers

1, to 1.4 and 2.5 to 2_g and the relay switches 4., to 4_4

and 5.5 to 5.g are divided i1nto one group, 1.e., the first

block 1B and the other group, 1.e., the second block 2B;

ﬁ

therefore, the decrease 1n the number of multiplexers and

relay switches connected 1n parallel can prevent the value

,II-

itself of the capacitance component C of each multiplexer

and the value 1tself of the capacitance component C of

each relay switch from becoming large.

As described above, according to the present

embodiment, 1t 1s possible that, by preventing a great

number of multiplexers and relay switches from being

connected at the same time, a great number of resistance

components R and a plurality of capacitance components
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C are prevented from beiling connected in cascade and the

values themselves of the respective resistance components

R and the capacitance components C of each multiplexer
and each relay switch are reduced. Accordingly, the value
of the total time constant CR can be reduced, whereby the
disadvantage can be prevented that the increase in the
time constant CR reduces the operating speed of the entire
multiplexer circulit 10.

Moreover, according to the present embodiment, the

el1ght relay switches 4., to 4.4 and 5.5 to 5.3 are operated

in such a way that the respective ON periods of two of

that relay switches overlap each other; therefore, when

themultliplexer, 1nthe first layer, utilized for selecting
a signal 1s switched to the next multiplexer, it is not
required to wait a long time in which the relay switch,

connected to the selected new multiplexer, that is in OFF

state 1s turned ON. 1In other words, it is possible that,

without waiting a long time until the ON state of the relay

switch has been established, the multiplexers 1.; to 1_4

and 2.5 to 2. 1n the first layer are continuously switched

Co operate sequentially.

As described heretofore, even though themultiplexers

l1toly, 2.5to2_3, and 3_.gareconnectedinatree structure,

the time constant CR does not increase, whereby signals

can sequentially be selected at the high switching speed

of the multiplexers 1., to 14, 2.5 to 2_g, and 3_.¢q. 1In other
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words, a plurality of input signals can be switched at

an extremely short cycle of 200 ns and sequentially

outputted one by one; thereftore, the speedup of the

multiplexer circuit 10 can be realized.

In addition, 1n the foregoing embodiment, an example

has beenexplainedinwhichthe first to fourthmultiplexers

1., to 1.4 1n the first block 1B and the fifth to eighth

multiplexers 2. s5to2.ginthesecondblockZ2Barealternately

selected; however, the present i1nvention is not limited
to the example. For 1nstance, the selection may be

implemented in such a way that, in the first place, the

first to fourth multiplexers 1.4 to 1.4 in the first block

1B are sequentially selected and then the fifth to eighth

multiplexers 2.5 to 2.3 in the second block 2B are
sequentially selected.

However, it is more desirable to alternately select

the first and second blocks 1B and 2B; that is because,

—

even though the ON states of two relay switches overlap

each other, the ninth multiplexer 3.9 1s not selected, any

one of the two relay switches 1is disconnected from the
tree structure.

For example, when the first relay switch 4_; and the
second relay switch 4_, are made ON-state at the same time

1nsuchawayastooverlapeachother, thetworelayswitches

4_1 and 4., are pboth connected with the third multiplexer

3.9. Inthiscase, 1f the twomultiplexersl_;and 1l ,, which
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are connected to the two relay switches 4.; and 4_,,
respectively, arekﬁﬂjloN—state,1ju9tmm>multiplexers'L4

and 1., are also connected with the tree structure.

Accordingly, the time constant CR increases by the value

corresponding to the time constants produced by the two

multiplexers 1_; and 1_,.

Incontrast, even though, as the foregoing embodiment,

the first relay switch 4., and the fifth relay switch 5.

are made ON-state at the same time in such a way as to

overlap each other, the fifth multiplexer 2.¢ is

disconnected from the tree structure, because the ninth

multiplexer 3.9 has not been in a state in which the ninth

multiplexer 3.9 selects an output signal from the second

block 2B. Therefore, in order to further reduce the time

constant CR, 1t 1s preferable to implement connection,

by alternately switching the first block 1B and the second

block 2B.

Moreover, 1in the foregoing embodiment, an example has

been explained in which the multiplexers 1., to 1., and 2_s

to 2.3 1n the first layer are each provided with four input

terminals; however, the number of the input terminals is
just an example, and the present invention is not limited

thereto. Still moreover, in the foregoing embodiment, an

example has been explained in which the multiplexer 3.,

in the second layer is provided with two input terminals

(an example in which the number of blocks is two); however,
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the number of the input terminals (the number of blocks)
1s just anexample, and the present invention is not limited
thereto.

Furthermore, in the foregoing embodiment, an example

has been explained in which the eight multiplexers 1.; to

l.4 and 2.5 to 2.g are provided in the first layer; however,

the number of multiplexers is just an example, and the
present 1nvention is not limited thereto.

Furthermore, 1in the foregoing embodiment, the
contigurationof a tree connectioninatwo-layer structure

*

consisting of the first and second layers has been

exp"ained;however,tﬁmnmnﬂumfoflayersisjﬁhﬂ:anexample,

and the present invention is not limited thereto.

Additionally,tjmeforegoimgembodimentjjsnothingtww;

*

what describes only an example of reductions to practice

in which the present invention is implemented; thus, the

technical scope of the present invention should not be

construedinalimited fashion. Inotherwords, thepresent

invention can be implemented in various forms, without

departing fromthe spirit or the principal feature thereof.

[ Industrial Applicability]

The present invention is useful for a multiplexer

circuittﬁmﬂ:sequentiallyfswitchesaiplura"itycxfsignals
that are inputted thereto in parallel with one another

and outputs the signals one by one. As a technique towhich
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a multiplexer circuit according to the present invention
1s applied, e.g., a test system is conceivable with which

inspection on the electrical properties of an ultra

multi-pin output LSI is implemented. 1In this case, the
present 1nvention is suitable for making a multiplexer

circuit switchone by one agreat number of analogue signals

outputted from the LSI and output the signals to an A/D

converter, and for sequentially outputting the digitized

data to an inspection/evaluation section.
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[CLAIMS]
1. A multiplexer circuit comprising:

apluralityofmultiplexerseachofwhichsequentially

switches a plurality of signals that are inputted thereto

in parallel with one another and outputting the signals

one by one, the multiplexers being connected in a tree

structure; and

a relay switch provided between the output terminal

of themultiplexer in a certain laver in the tree structure

and an input terminal of the multiplexer in a layer that

1s one level higher than the certain layer.

2. The multiplexer circuit according to claim 1, wherein

gr—

a plurality of multiplexers exist in the certain lavyer,

—

a plurality of relay switches are provided between the

output terminals of the plurality multiplexers in the

#

certain layer and an input terminal of the multiplexer

in the layer that is one level higher than the certain

layer;.and(ndperiodscmfat.leasttnu>relayswﬁixﬁmw;among

the plurality of relay switches overlap each other.

3. The multiplexer circuit according toclaiml, wherein
a plurality of multiplexers exist in the certain lavyer,

a plurality of relay switches are provided between the

-

output terminals of the plurality of multiplexers in the

certain layer and an input terminal of the multiplexer
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in the layer that is one level higher than the certain

layer, the plurality of multiplexers and the plurality

of relay switches are divided into a plurality of blocks,

and each block is connected to the input terminal of the
multiplexer in the layer that is one level higher than

the certain laver.

4 . The multiplexer circuit according to claim 3, wherein

ONperiodscﬂfatleasttnuyrelayswitchesemxnm;theplurality

’

of relay switches overlap each other.

—

5. The multiplexer circuit according to claim 4, wherein
the at least two relay switches among the plurality of

relay switches belong to the respective blocks that are

different from one another.
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