- 1 - SPECI FI CATION MULTI PLEXER CIRCU T [ Techni ca
Field] The present invention relates to a nultiplexer
circuit that switches a ptutatity of signals that are
inputted thereto in parallel with one another,
thereby selecting the signals one by one, and outputs
the signals in seriesgpddBackgsound Art] As
illustrated in Figure 1, a conventional and conmonly
used nmultiplexer circuit 50 is configured in such a
way that input signals that are supplied in parall el
MW@LBIPPERERI CtrRCofI T nput terminals 51_1, 51 2, ...,

51 mare sequentially switched and out putted one by
one froman output termnal 52, as a serial signal.
In addition, in the case where the nunber of signals
tThethmatealnputfled in parallel with one another is
considerably large, a plurality of multiplexers 63 1,
63_2fhe presé&Btinvhii ony e tconpect edlitipd dde@ecircuit

fashion, as illustrated in Figure 2, so as to
té@tf i Yok echeaubt pplueseerit gi o Eubtignbi sa tmdtt i ptexenputted
circuit 60 illustrated in Figure 2, front-stage

tigna ) exerrs 168l 1e168i2h one an6éRhrisedientélay| yelecting
switch respective input signals supplied in parallel
the 2ignagwt onerlmy mals, BhdbutghitlP the sighhlEminédePies.
61 22, ... ,
[Background Art]
AsillustratedinFigurel,aconventionaléndcommonly
used multiplexer circuit 50 is configured in such a'way
that  input 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. |
In addition, in the case where the ﬁumber of signals
that are iﬁputted in parallel witﬁ one another is
'-considerably large, a plurality of multiplexers 63_;,
63.2, ..., 63.,, 64_; may be connected in a tree fashion,
as illustratedin Figure 2, soas1x)¢onfigureaamultiplexer
circuit.
In a multiplexer circuit 60 illustrated in Figure 2,
front—stagenmltiplexers 63.1, 632, ..., 63, sequentially

switch respective input signals supplied in parallel to




61 2m ; 61 _nlr 61-n2, ... , 61_nm and output to a-
rear-stage mnmultiplexer 64 _1 the selected signals one

by one. Then, the rear-stage multiplexer 64_1
sequentially switches the sfgnals supplied in

paral l el fromthe front-stage nmultiplexers 63_1r

63 2, ... , 63_n, and outputs froman output termna
62pulte teirgrialssl ©n&l hy, o6e.,, Ml ti pl exel,;Cigicwi t $1 5,5, ...,
configured, as described above, of a plurality of

bl iz pl exe16d -gonfigched. i n, 1t g geahdshuput aiea rear-stage
di sclosed in Patent Literatures 1 and 2 and the I|ike.

Pal sap leixteer dtdii ecHe dapacesd Pateatl d airtk @emNo. Then,
5-110399 Patent Literature 2: Japanese Patent
thed-gpenshage BuTT792 eMeandii] esqeaatt 1ail 1 iy plexechdasthe
a |l oad consisting of a resistance conponent R and a
thpaélcane® nent pEraltke rfasinsttine efconposéatyeRr

and the capacitance conponent C considerably affect
Rkt bpéraeirng SpeedBLsi gnal 68wt ehidngitpuey fofort oe output
mul tiplexer. In other words, the nultiplication

iR oatee I cR2oft thes k2 56 anbe bromsonent R and t he

capaci tance conponent C, as a tinme constant, affects
the YWldtirhe¥ebAiar ¢4 hes peinftigwesdt s dasarigiekebove,

§¥At§£§3 sL%naIs to be selected to a tine point when
the BNEERALE YoP T tTHel SbPéBKEESsFgRARCltieseinsa tree fashion

estapli shed and the si%gﬁl can stably read. _
FACCOANR A vk At Tontsraherval beand ampdbideot ike.

t he conponents becones | arge,
Patent Literature 1: Japanese Patent Laid-Open No.

5-11039%

Patent Literature 2: Japanese Patent Laid-Open No.
6-77792

Meanwhile, each multiplexer has a load consisting of
a resistance component R and a capacitance component C.
The resistance component R and the capacitance component
C considerably affect the operating speed
'(signalnswitching time) of the multiplexer. In other
words, the multiplication product CR of the resistance
qdmponent R and the capacitance component C, as a time
constant, affects the duration from a time point when the
multiplexerswitchessignalsix;beselected1x>atimepoint
whehtheON—stateoftheselectedsignallineisestablished
and the signal can stably read. Accordingly, even when

only the value of any_one-of the components becomes large,




3 the signal-switching speed of the nmultiplexer is
reduced. Thus, in order to accelerate the operation

of the multiplexer, it isdésiTted to reduce the

val ues of the resistance conponent R and the

capaci tance conponent C. However, in the case where a
et Bphexrdrsoiirtoth ing Sspeanidgunedn ol t 2phlewed! itYr&iuced.
mul ti pl exers connected in a tree fashion, the
Féspectinveorésistanee Amonent shKR opbeaGaRACIJ ANGE
conmponents C of each stage that are connected through
Ballédtpde st gnal t| i seslearierabnnect€duid te@S6a08ies of the
therefore, the respective values of the conponents

aP6 isymrexk avepebynthk shdethenshpatiheci@scdmb@eent C.

In the exanple illustrated in Figure 2, e.g., in the
case Hewerert hénstgrakbakieneheltcodghud taer it dlr i dPBEuit is
termnal is selected at the front-stage nultiplexer
egnfigideachef reaplstrade tiyulafi pluaxer pbdxd rseleetimedthe] in
signal line from the nmultiplexer 63_1r the resistance
%ogﬁ@ﬁeﬁﬁSQ@pm;amue thepeapdcid ancei spapeBerbn@@hehts R

of the front-stage nultiplexer 63_1 and the resistance
oApEARAC IRGSCle aprimpheentapacidfansecicospagent-hGa4 slre

of the rear-stage nultiplexer 64_1 are connected in
czeageedt heretahe setlive ttddve-igorestt dritnevslares keonrest sd in
-large as (R63_1 + R64-1) X (C63-1 + C64-1) The total

T3 e eondthmitc becontd d segeechipeopottésn £ tive tbaponent s
depth of the tree-structure hierarchy, whereby the
ProvEmehat"hpecbpethei himspeedsbintthbemalntd pllexere i s In

reduced becones conspi cuous. However, in the case
therexample illustrated in Figure 2, e.g., in the case

where the signal line through a certain input terminal
is selected at the front-stage multiplexer 63.; and the
rearfstage multiplexer 64.; selects the signal line from
' the multiplexer 63.;, the resistance component Rgsz-; and
Fhe capacitance component Cg3;; of the front-stage
multiplexer 63_; and the resistance component Rggo; and the
capacitance component Cgqqy of the rear-stage multiplexer
644areconnectedincascade;therefore,thetime—constant
value becomes so large as (Rez-1 + Rea-1) x {Cg3-1 + 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

thenumberofsignals,whichareinparallelwithoneanother




t he nunmber of signals, which are in parallel with one
another 4 and are required to be selected and

outputted one by one, is extrenmely large, the
tree-structure hierarchy of the nmultiplexer circuit
needs to be deepened to sonme extent. That is because,

if a great nunmber of nultiplexers are connected in
FRLPIS reAuire s srebragel ectiesl wadueutpselfed ohet hg one,
capaci tance conponent C produced in each nmultipl exer
BEcHREE 9B He. L egor dihgl Yreeomentdtonad s ta ptexesf the
circuits configured of a plurality of nultiplexers
UBitdd i ¢ h H 1okt trpdant ndve dseponedans dwen abtent .

&E gvert the problemthat the operating speed is

3giced HICAGHFLi BB, 2a Sredtini Hueb dusobern Lpigdeset s nare

whi ch, 6%Pe signal -swi tching speed of a rel ay

SRPBECTGT ¢y Pairel ledningtihedsencal pyeral thy oiluelidyself

sPﬂﬁ%Qes connected in a tree fashion can be reduced,

B FRG3CHE B¢ HerrBaserds Crrodutey iawachesltiplexer
refer to Patent Literature 3). Patent

ogerlap (egi, 3 ?
hFTRPSCUNE B Japard Pag bt CaPdenfeeNol multiplexer
%P?g-6g722 ﬁgyever, thg t echni que di scl osed i n Patent
e atdr £°" W T1TS e r 81 Ry Ui ticdheso f nenéhadpdexers
_J%ﬁééege ers. Tgf re%ag sel ection circuit disclosed
in Parent Lt & &t 13°RaANePAficndtie *heteang been able
uration, .required by a relay switch, froma tine
tg%iaﬁ’ter PGS B Ao 08 1 ¢ i IR JbiiR TRged.
t he &%Ia& swi.t ch bego s .stabl e; therefore,
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
of the relay switches overlap (e.g., refer to Patent
Literature 3).
Patent Literature 3: Japanese Patent Laid-Open No.
2000-67722
However,thetechniquedisglosedinPatentLiterature
3 utilizes relay switches instead of multiplexers. The
relay selection circuit disclosed in Patent Literature
3 can eliminate the long duration, requifed by a relay
switch, from a time point when signals are switched to

atimepointwhentherelayswitchbecomesstable;therefore,

it is not effective to apply the relay selection circuit




it is not effective to apply the relay selection
circuit 5 directly to the nmultiplexer circuit 60
illustrated in Figure 2. The reason for that will be
descri bed below. In general, when a relay swtch
selects and outputs a signal, a predeterm ned tine IS
JeguL I ngt herwoyds, . the predeterm ned_ tine
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is realized enft power " cons

th&%@é‘éﬁ%r‘e& @&éﬁqtdhdﬁéigg} h{eQe g{]gg%e%gfy T the

t hat ue to connecting a

pkBaR ddiGfi 483N Ofle rleguq%&dtgys&!ﬂ%c'h”%f P d g
multiplexer is only approximately 200 ns {nanoseconds).
Accordingly, an ultrafast clock signal having a cycle
shorterthanZOOnsisrequiréd,ino;dertomakeaplurality
of multiplexers opgrate ina pipeline fashion, with their
ON peripds overlapped. However, it is not easy to
accurately control the pipeline operation, by utilizing -
an ultrafast clock signal; therefore, it is difficult to
realize the pipeline operation. Provided the pipeline
operationisrealized, aproblemthat the power consunption
increases is posed. |
Additionally, therprolonged time that, due to
connecting a plurality of multiplexers in a tree fashion,
is caused by the increase in the time constant has more

effect than the significantly short time has that is saved

by pipelining switching actions to be completed in 200




effect than the significantly short time has that is
saved by pipelining swtching actions to be conpleted
in 200 6 ns, i. e. , in an éxtrenely short tine;
therefore, even though a plurality of nultiplexers
connected in atree fashion is sinply nade to operate

R pe}m% égébgﬁ%a&{“@g QY &I a'e' 7 ;RERE 35119 Sgse&ough

of "the nu tlp exer cir cannot accelera?e
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Di scl osure of the I nvention resent 1 nventi

d88e heentiaplemant et §019S to sol ve the foregoi ng
probl ens and the objectlve thereof is to nake it

possitili& i shestsput-be ﬁ'ﬁ%?rbm@égeribe ltﬂ EXEl{so

sequentially switches a plurality of signals at are
diet b ed EHQE9%0ﬁﬂhﬁgﬁﬁkyebfwhhhﬂyﬁi Qe&onﬁggted in

out puts the signals one by one, by accelerating t

Pperad iMGIEReed Sfmdde @@lépgkgﬁgrlle Prgeiihe %9%%@on,
the foregoing problens, in a nultiplexer circu

waiCO e g tOW E@M@Wetﬁ&ﬁﬁéﬁo%owéele%y S Wkt §B§§g01ng
are provided between the output termnals

prodighexerssinia eeitdifetAyar in a tree S”UCture
and an input termnal of a multiplexer in a layer that
[Disclosure of the Invention]

The present invention has been implemented so as to
- solve the foregoing problems and the objective thereof
is to make it possible to shorten the time in which a
multiplexer sequentially switches a plurality of signals
that are inputted thereto in pafallel with one another
~and outputs the signals one by one,‘by accelerating the
operating speed of the multiplexer.

In order to solve the foregoing probiems, in a
multiplexer circuit according to the present invention,
'relay switches are provided between the output terminals
of multiplexers in a certain layer in a tree structure
" and an‘input terminal of a multiplexer in a layer that

is 'one level higher than the certain layer.




is one |evel

hi gher than the certain layer. 7

According to the present

i nvention configured as

descri bed above,

the relay-smtch connected to the

mul ti pl exer,

anong a plurality of nmultiplexers in the

certain layer, that is involved in selecting a signa

a SMAtCheS connect
otherq{ :tfp#exers ar tﬁﬁkﬁéd B P e 69 %%é”lIEd as

e 0 t aci tance c onent s
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fro f?ﬁgx??eeaggglctuﬁ%fgg?ﬁgEébsﬂiggﬁgpﬁb Theva Eethe

ccécrﬂi"fnti c£ONSE apt 5 ghfﬁvéﬁk%%t $n EF?eSB?L%?I ng; S@‘%aeldls

of the mul |pfexer circu
wdisadyand ageq Lhat EOEalnG ma&ﬁ]éeg]pﬁrﬁﬁégdogesmgt other
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due to cascade connect
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entire multiplexer circuit can ppresse
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a plurality of multiplexers exi st a certain layer
‘mal gilpiretd y Wofo JLbay reM i ENesn a4 1 par);)\gkqgec%rfg ; &% been

the output termnals of the plaralit exers

tameh e OFPWan ey rﬂl%oﬁfle@t@di te R X 'trl*éae | &YBlictyre,
that is one level higher than the certain |ayer, H

tONrpen pdauel ngtt edal ud ¥o tiel ’@i’mé\@'ot Qt%%@%%& éiﬂfects
plurality of relay swtches overlap each other.

t hecqycht 101 £ § sPRAUIEE Ll b 16Re A £5eNt £ NVERL PAsy 1 ¢,
the disadvantage that the increase in the time constant,
due to cascade connection of theplurality of multiplexers,
decelerates the operating speed of the entire multiplexer
circuit can be suppressed.

Moreover, in another aspect o.f the present invention,
a plurality of multiplexers exist in a certain layer, a
pluralityof relay switches are providedbetween the output
terminals of the plurality of multiplexers and an input
terminal of a multiplexer in a layer that is 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.

According to another aspect of the present invention,
configured as described above, when a certain relay switch

is turned ON and a multiplexer connected thereto selects




configured as descri bed above, when a certain rel ay
swtch is turned ON and a nul ti pl exer connected
thereto selects 8 a signal,gat | east one nore rel ay
switch is turned ON. Therefore, when the mnultipl exer
utilized for selecting a signal is switched to the

nexy gpyht I%'tﬁxleéas tohg pat &6 & thqijégﬁ%w{ggﬁalisn%&lg%%% ON.

time’in whi are ay Sw
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words, it takes a relative
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long time. Still noreover, 1n another "daspéc th
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belonglng to"a ~certain |ayer an urality o rela
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plur ity of blocks, and each I'S conhnect
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is one | evel higher he certain r. According

stta @anat hepe aspesle Ofort hen i esept '@V%@ ble t
configured as described above, a éna ﬁﬂﬂ%%} o? © make
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can prevent the value itself of the capacitance

SGORROTIEINM 1 DY, eamomﬂ tidplexey andnt ke valye iksel f of
t he capacitance
Still moreover, in another aspect of the present

invention, a plurality of multiplexers belonging to a

- Ccertain layer and a plurality of relay switches connected

thereto are divided into a plurality of blocks, and each
block is connected to an input terminal of a multiplexer
in the layer that is one level higher than the éertain
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




conponent of each relay switch from becom ng | arge.
Accordi ngly, even though the nmultiplexers and the

relay switches. actually sepeeting signals are
connected in - 9 cascade, each capacitance conponent

is small, whereby the value of the total tine

£005488! &R e, L £ONCEe ASRLEERULL 5 o1, i SAdvANiAge
that the increase in the trne constan?, ue’ t'o
ﬁ@@@@@%6%@%%@df@iﬂgééﬁ%§%H£§dtg %%dulé&p|%%§5§Esult
decel erates the operating spee of "t he “entiTe !
Ak (d i £XCENnt BLECHhL tCRAPS nBYRAIERS§8d EuEﬁﬁﬁJggﬁgﬁant,
in another aspect of the present nvention, when

des beds HEaak dfasdct yon e @Me}‘@!l} f’ty%'foﬁt?l@iplexers,
plurality of relay switches are made to overlap “each

A ieTerhPe s P&Id OFst Qﬁgr%@é{da}fl’ ttﬁ'%eénﬁﬁlé::éﬂrg{flﬂgipﬁ%xer

di fferent bl ocks are nadé to ov ap eac

Acef Ot Nngahonanatgiraspegt of the present invention
configured as descri bed above, even though a plurality

of rehayhewrdohes exi ghothalr A Hd M rstake JLbsuph a
a

way as to overlap one anot her, mul tiplexer in a

inveierion AyEieh DNQled b ds YRR 1BaWRI ERoarshgRakyk$ches
selected, whereby all relay switches except fora

ag@nicaian plelmyl swyt6h rane ydissGaneed ed-d g8 theBverlap
structure; therefore, the resistance conmponents and

chiot capact f anke CANPRYENEs 0br FBeaJUkLiiM @XEL ShelBnding
| ower |ayer, that are connected to the correspondi ng

toelddy famMdohelsl other damdde €8 bakR1aely-sWiELr .
can be disconnected fromthe tree structure,
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 is not in a state in which a signal is selected,
wherebyalirelayswitchesexceptforacertainrelayswitch
are disconnected from a tree structure: therefore, the
resistance components and the capacitance components of
the multiplexers,.in a lower layer, that are connected
to the corresponding relay switches other than the certain
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

circuilt.




t hereby further reducing the value of the tine
constant that affects the operating speed of the
mul tiplexer circuit. 10 -—[Bri-ef Description of the
Drawi ngs] Figure 1 is a diagramillustrating an
exanple of the <configuration of a conventiona
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illTustrating a er exanple o onflguratlon of a
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enbodiment; and Figure 4
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mul tiplexer circuit ac ng to
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An enbodi mrent of the present invention

expl atinadrbed g Wit hghaken qucfﬁsgloaﬁﬂﬁ drpv le . of the

Figure 3 is a diagramillustrating t configuration

@fn i g ehtiipe%ar aC 11 c t :
e#%oalnentl As |IFU§F?gte&&?ﬁgglg£?gﬁgF QﬁEa%dﬁjﬁf%Q;the

- prEdéptexeboddineutt: fPgaccording to the present
enbodi nent configured of a plurality of nultiplexers

1 1rrighrd Brid 4t Zndng2chard hepreeneNiy 3&% example

connected in a tree structure. Anong the plura ity o

dﬁﬂﬂh@|@pekat1bhed@|éﬂm&£ki@ﬁ&&@ﬂ“@fﬂdﬂf%“%éco%d}nboto
1-4 and the fifth to eighth nultiplexers 2_5t

the present embodiment.

[Best Mode for Carrying Out the Invention]-

An embodiment of the present invention will be
explained below, with reference to the drawings. Figure
3 is a diagram illustrating the configuration of a
multiplexefcircuit10accordingtothepresentembodiment.

As illustrated in Figure 3, the multiplexer circuit
10 accerding to the present embodiment configured of a
plurality of multipiexers 1.4, 15, 1.3, 1.4, 2.5, 2.6, 2.7,
2_g, and 3.5 connected in a tree structure. Among the
pluralityofmultiplexers,thefirsttofourthmultiplexers
1., to 1.4 and the fifth to eighth multiplexers 2.5 to 2.
belong to a first layer; the ninth multiplexer 3.4 belongs
to a second layer that is one level higher than the first

layer.




belong to a first layer; the ninth nultiplexer 3_9
~-belongs " to a second |layer that is one |evel higher
than the first layer. - 11 11Among the plurality of
multiplexers in the first layer, the first to fourth
multiplexers 1.1 to 1 4 belong to a first block 1B

and tmo{‘lbfttﬂb bgugbgﬁggk@l@hﬁ%gﬁe&?‘egs ?ntt%etziﬁrst layer,

bel ong to"a secon reason why
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that belong t sanme- [ ayer,
Biecd yigded it I en bl
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of the multiplexers 1 1 to ,
sequent i phloy. s tiches, g_ PlaH @'z tythfZ 5 ONBL S SLBRG 68 ehe

in parall and outputs't e signal s one by one:

shher 1wgieds, iltde, first rivkti plaxer 14 geguany al 't)b a
switches a plurallty of signals supplied in parall

pDufalt tinpdtol eERb A To thabldbadaihlkBp raj&slslﬁg with

and outputs the signals one by "one. The second

ol hé pi eder o- 2heeguaniilaldy sminhehesp Bex B Yr 8YkEY fped
signals supplied in parallel to four 1nput termna

dP desdPiPedl2-akerdand 12_4 and outputs the signals
one by one . The third nultiplexer 1_3 sequentially

swit gheh oF piHY alultos ofeség8als $¥PR! gedz ' nt&ai %l Lk 3,
to four input termnals 13 1r 13-2, 13 3r and

sargh et pal 3yt heisicgeal s pDﬁQaQ}it@n@f fhentaw Elpplied in
mul ti pl exer 1-4 sequentially

parallel and outputs the signalsonebyone. Inotherwords,
the first multiplexer 1_; sequentially switches a plurality
of signals supplied in parallel to four input terminals
11-,, 11_,, 115, and 11, and ocoutputs the signals one by
one. The second multiplexer 1., sequentially switches a
plurality of signals supplied in parallel to four input
terminals 12_;, 12_,, 12_5, and 12_; and outputs the signals
onebyone. Thethirdmultiplexerl ;sequentiallyswitches
a plurality of signals supplied in parallel to four input
terminals 13.;, 13_;, 13_5, and 13.; 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_3, and 14_, and outputs

the signals one by one.




switches a plurality of signals supplied in parallel
to four input termnals 14 1r 14 2, 14-3, and 14 4
and outputs the signals enazby one. 12 Additionally,
the fifth multiplexer 2.5 sequentially switches a
plurality of signals supplied in parallel to four
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s8igghtils Bl 1Pl &X€hSparallel to four input terminals 24_,,
24 5, 24_3, and 244 and outputs the signals one by one.

In addition, the ninth multiplexer 3. sequentially
switches a plurality of signals inputted from the first
and second blocks 1B and 2B and ocutputs from an. output
terminal 30 the signals one by one. In this situation,
a signal inputted from the first block 1B to the ninth
multiplexer3_9isoutputtedfromwnmaofthefirst1x>fourth
multiplexers 1; to 1.,. Additionally, a signal inputted
from the second block 2B to the ﬁinth muitiplexer 3.4 is
outputted from one of the fifth to eighth multiplexers
2.5 to 2_;.

In the present embodiment, eight relay switches 4_;

to 4.4 and 5.5 to 5.3 are provided between the eight

multiplexers 1, to. 14 and 2.5 to 23 in the first layer




2 5to 2_8. In the present enbodi ment, eight relay
swtches 4 1 to 4 4 and 5 5to 5 8 are provided
between the eight multiplexers 1 1 to 1. 4 and 2. 5to
2 8inthe first layer 13 and the ninth nmultipl exer
3.9 in the second |layer that is one |evel higher than

hg first.|layer. Thaﬁ is because, if an extrenely
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mul ti pl exer

HB&&&@§6}§E 3.9. The third relay switch 4.3 is
provi ded gtmeen the output termnal of the third

mul tirghexels k3 s And &ffhi9%#&1%?%@'%ﬁe?ﬁﬁ%%?éghgkﬁ 1B,

mul tiplexer 3_9. °Additiona he four
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is provided between the output terminal of the second
multiplexer 1., and the input terminal of the ninth
multiplexer 3.3. The third relay switch 4.3 is provided
between the cutput terminal of the third multiplexer 1.
and the input terminal of the ninth multiplexer 3_s.
Additionally, the fourth relay switch 4., is provided
betweén the output terminal of the fourth multiplexer 1_,
~and the input terminal of the ninth multiplexer 3.9. The
.respective output terminals of the four relay switches
4_; to 4., that belong to the block 1B.in the first layer
.are connected to a single signal line, thereby being
connectedto theone input terminal of theninthmultiplexer
3.9 in the secoﬁd layer,

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

fifth relay switch 5.5 is provided between the output




are connected to a single signal line, thereby being
connected to the one input termnal of the ninth
mul tiplexer 3_9 in the secopd_l ayer. Additionally,
with regard to the second block 2B, the fifth relay
switch 5-5 is provided between the output 14 term na
of the fifth nmultiplexer 2-5 and the input term na
fcﬁf“HféahPrﬁ A 1§ Bxdit iplexeape-spront et apudur egpinal
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9.5 to 5.3 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 3.9 in the second layer.

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

4. 4dnd5_sto 5 gareoperatedinsuchawaythat the respective
ON periods of at least two of the relay switches 4.; to
4.4 and 5-5 to 5.5 overlap each other. Figure 4 is a timing
chart representing an example of the operation of a
multiplexercircuitl0accordingtothepresent embodiment.

In the example in Figure 4, the relay switches 4_; to
4_sand 5 sto S5 gareoperatedinsuchawaythat the respective
ON periods of two of the relay switches 4.; to 4., and 5.5
to 5.5 overlap each other. 1In other words, in the first

place, the first relay switch 4_, is turned ON, and the




mul ti pl exer circuit 10 according to the present
enbodinent. In the exanple in Figure 4, the rel ay
switches 4 1 to 4 4 and 5. 530-5-8 are operated in
such a way that the respective ON periods of two of
the rel ay smﬁtches 4 1to 4 4 and 55 to 58 overlap
? %h othﬁ . tgﬂﬁr “words, in the first place,
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has been established; therefore,” the serial signals

tHe Pt 1 8¢ %h@.‘f‘éﬂ}e.gﬁélséfcgyét,' RHX&fultiplexer can
immediately become active td select a signal. The first
multiplexer 1., that has been activated sequentially
switches a plurality of signals supplied in parallel to
the four input terminals 11.,, 11, 11_3, and 11_4 and outputs
the signals one by one. At this moment, the ON state of
the first relay switch 4_; has be\en established; therefore,
the serial signals outputted from the first multiplexer
l;aresequentially inputted through the first relayswitch
4_1 to the ninth multiplexer 3.5.

At this moment, the ninthmultiplexer 3.5 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




1 1 are sequentially inputted through the first relay
swwtch 4 1 to the ninth nmultiplexer 3 9. At this
nmonment, the ninth multiplexgg 3_9 has al so been
activated and has been switched so as to select an
out put signal fromthe first block 1B. As a result,

t he ser nals outputted fromthe first
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'tch 4_1 and the ninth nmultiplexer 3_9. In
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because even t
to enlarge the value of the time constant.

In other words, the second to fourth multiplexers 1_;
to 1.4 and the sixth to eighth multiplexers 2.5 to 2_g are
disconnected from the signal selection lines, because the
relay switches 4.; to 4.4 and 5.4 to 5.4 are still 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. in
the second layer has ﬁot 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.;
‘and1ﬂuaninthnmltiplexer3_9areconnectedvﬁiﬁleachother

by way of the first relay switch 4_;.




relay swwtch 5 5 is ON-state (however, the ON state
‘has not been established yet), the ninth nultiplexer
3 9in the second |layer hastnot been in a state in
which the ninth nultiplexer 3_9 selects an out put
signal fromthe second block 2B. That is to say, only

he f [tipl d,. th h | |

2"5 METL ot RO i elen DrheeT by hayt o ¢ e fraore
el tch 4 1. 17 d | t

FRS" AT Lo 84 6P el 71 FRRSEEI Q5 Fom Pon s 2 TuLt,

EH%”@chfﬁi}hﬁfF?ﬁ &3 by pgj}ﬁt ?ﬁ‘é%”@%@a%ldfgf the g\émtch

peri od h relray”sw e

g\allle%l grot%%c o?ﬁenrlfgecal}_ 3 ﬁﬁgggghgﬁlt’gy%ﬁesrec?%‘i relay
SR AL S B B It 1o e PSS oo
B PP IEY Tv %ﬁ%%e?sf%amfe‘dt el Enereot

| e d f_th
ﬁ%ﬁtﬁgt ﬁéenw%% l ﬁgﬁcrkg% fa39¥1an ph??eg%rGQ%

ON perio of the ay’'switch
Memmepgewde wat%@ca‘ﬂé)t h 5@'@9{ %Esﬂd%éﬁ\’%@ ah

.each ot her. resul t,’ when, ter the operation o

pdei bir sk wltlfqlf_egga eﬂa} Lsa,l%%q(p 2ted and then the

fifth rrultlplexer activate theO\lstate of

the el el &y éémdé%ﬁkﬁ@e(ﬁ'aébo@ér %Qﬁeq:h ON period
est abl i shed. Accor di ngl'y, i mmedi at el ter eh

cpstt e, L8 by CA LB SHE 3 OB B
N thoelt £ Fth 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 is
activated, the ON state of the fifth relay switch 5.5 has
alreadybeenestablished. Accordingly, immediatelyafter
the operation of the first multiplexer 1.; is completed,
the fifthmultiplexer2.scanbe selectedtooperate, without
‘waiting until the ON state of thelfifth relay switch 5.5
has been established.

The_fifth multiplexer 2.5 that has been activated
sequentially Switches_a plurality of signals supplied in
parallel to the four input terminals 21_,, 21_;, 21_3, and
21-4 and outputs the signals one by one.. At this moment,
the ON state of the fifth relay switch 5.5 has been

~established; therefore, the serial signals outputted from




wai ting until the ON state of the fifth relay switch
5 5 has been established. The fifth nultiplexer 25
that has been activated seggentially swtches a
plurality of signals supplied in parallel to the four
input termnals 21_1, 21 2r 21-3, and 21 4 and
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above, the other nultlp exers 1 and 2
tBe8sBRY ahle s Sl MG O uPe§L LB the fifth multiplexer
2.5 are sequentially outputted from the output terminal
30, by way of the fifth relay switch 5.5 and the ninth
multiplexer 3_4.

Inaddition, whilethefifthmultiplexer2_s;isoperated
as described above, the other multiplexers 1-; to 1_4 and
2.6 to 23 may be OFF-state or ON-state. |

Next, the sixth relay switch 5.4 is tﬁrned ON before
the second relay switch 4., is turned OFF. As a result, |
the second half of the ON period of the second relay switch
4_5, and the first half of the ON period of the sixth relay
switch 5.4 overlap each other. Because, immediately after
the secondrelay switch 4-2 is turned ON, the ON 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_;.




Next, the sixth relay switch 5 6 is turned ON before
the second relay switch 4-2 is turned OFF. As a
result, the second half of jtche ON period of the
second relay switch 4-2 and the first half of the ON
period of the sixth relay switch 5 6 overlap each
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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
12, 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 séquentially inputted
through the second relay switch 4_; to the ninth.multiplexer
3.

At this moment, the ninthmultiplexer 3 4 has also been
activated and has been switched so as to select an output
signal frdm the first block 1B. In addition, as is the
case with the operatio_n in which the selection is changed
from the fifth multiplexer 2.5 to the second multiplexer

1., the operation in which the selection is changed from




established; therefore, the serial signals outputted
from the second nultiplexer 1-2 are sequentially

i nputted through the secendgrelay switch 4 2 to the
ninth multiplexer 3_9. At this nonment, the ninth
nultiplexer 3-9 has also been activated and has been
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mul ti p exer -
5.6 and the first half of the ON period of the third relay

switch 4.; overlap each other. Brecause, immediately after
the sixth relay switch 5.4 is turned ON, the ON state thereof
has not been established yet, the sixth multiplexer 2.
- is made active (ON-state), at the second half of the ON
period of the sixth relay switch 5.

Meanwhile, as described above, part of the ON period
of the second relay switch 4., and part of the ON period
of the sixth relay switch 5.4 overlap each other. As a
result, when, after the operation of the secondmultiplexer
1., is completed and then the sixth multiplexer 2_¢ is
activat'ed, the ON state of the sixth relay switch 5.6 has
already'beenestabliéhed; Accordingly, immediatelyafter
the operation of the second multiplexer 1., is completed,

thesixthmultiplexer 2.¢canbe selectedtooperate, without




is made active (ON-state), at the second half of the
ON period of the sixth relay swwtch 5 6. Meanwhil e,
as descri bed above, part of gtthe ON period of the
second relay switch 4-2 and part of the ON period of
the sixth relay switch 5_6 overlap each other. As a
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activated and has been switched so as to select an cutput
signal from the second block 2B. In addition, as is the
case with the operation in which the selection is changed
from the second multiplexer 1., to the sixth multiplexer
2-¢, the operation in 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. and the ninth multiplexer 3_,. |
Inaddition, whilethesixthmultiplexer2 gisoperated
as described.above, the other multiplexers 1_; to 1_; and
2.5, 2.7, and 2_g may be dFF—state or ON-state. |
”Similaﬁly'hereinafter, by keeping the ON periods of

- the relay switches overlapped, e.g., the seventh relay




fromthe second nmultiplexer 1-2 to the sixth

mul tiplexer 2 6r the operation in which the selection
is changed from the first- bloock 1B to the second

bl ock 2B can rapidly be inplenented. As a result, the
serial si gnals outputted fromthe sixth mltiplexer
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the first block 1B and the second block 2B. The ninth
multiplexer 3.3 in ON state sequentially switches a
plurality of signals supplied from the first to eighth
multiplexers 1; to 1.5 and 2.5 to 2.3 and outputs the signals
one by one from the output terminal 30.

As explained heretofore, according to the present
embodiment, the relay switches 4., to 4_4 and 5.5 to 5.3 are
provided between the respective output terminals of the
multiplexers 1, to 1.5 and 2.5 to 2_g inlfhe first layer
and the corresponding input terminals of the ninth
multiplexer 3.9 in the second layer, in a tree structﬁre;
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,




plurality of signals supplied fromthe first to eighth
multiplexers 1. 1 to 1-4 and 2 5 to 2_8 and outputs the
signals one by one fromtheputput term nal 30. As
expl ai ned heretofore, according to the present

enbodi nent, the relay switches 4 1 to 4_4 and 5 5to
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mul'tiplexer circuit can  be suppr ésse
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value of the tine constant CR can be reduce
CR can be reduced.

Moreover, in the present embodiment, themultiplexers
_Lq to 1.4 and 2.5 to 2_g and the relay switches 4., to 4_,
and 5.5 to 5.3 are divided into one group, i.e., the first
block 1B and the other group, i.e., the second block 2B;
therefore, the decrease in the number of multiplexers and
relay switches connected in parallel can prevent the value
itself of the capacitance component C of each multiplexer
and the value iteelf of the capacitance component C of
each relay ewitch from becoming large.

As described above, according to the present
embodiment, it is 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




Moreover, in the present enbodi nent, the nultipl exers
11tol4and 2 5to 2 8 and the relay switches 4 1
to 4-4 and 5 5 to 5 8 are divi-ded into one group,
i.e., the first block 1B and the other group, i.e.,
the second bl ock 2B; therefore, the decrease in-the
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mul t'i pl exer and each relay -switch are reduced

mAdaardidawd iy, ci heuval ue . of the total tine constant CR
can be reduced, whereby the disadvantage can be
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reduces the operating speed of the entire nultlplexer
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enbodi nent, the eight relay 'swi t ches nd
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respective ON periods of two of
that relay switches overlap each other; therefore, when
the multiplexer, in the first layer, utilized for selecting
a signal is 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 is 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.,
and 2.5 to 23 in the first layer are continuously switched
to oberate sequentially. |
As described heretofore, even though the multiplexers
l.itoly, 2.5to2.4, and 3_gareconnectedina tree structure,
the time constant CR does not increase, whereby signals

can sequentially be selected at the high switching speed

of the multiplexers 1_; to 1.4, 2.5 to 2.5, and 3.4. In other




that relay switches overlap each other; therefore,
when the nultiplexer, in the first layer, utilized
for selecting a signal is- 94tched to the next

mul tiplexer, it is not required to wait a long tine
in which the relay swtch, connected to the sel ected
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in which the first to fourth nultiplexers 1
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mul tiplexers 2. 5to 2 in the second bl ock 2B are

imiptlesmnat eby isebaehed; wlaq;\w\r@t the Qﬁ@semstn%ffﬁ&é?nthe
is not limted to the exanple. For iInstance he
f&&lsﬁﬁtﬂcﬂffdtﬂyt}b%ultrlplexers 1; to 1.4 in the first block
1B are sequentially selected and then the fifth to eighth
multip;exers 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 is not selected, any
one of the two relay switches is 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
insuchiawayastooverlapeachbther,thetworelayswitches
4_; and 4_, are both connected with the third multiplexer

3.9. .Inthiscase,ifthetwonmltiplexers]wlandl_h which




i npl enented in such a way that, in the first place,
the first to fourth nultiplexers 1.1 to 1 4 in the
first block |B are sequentpal ly sel ected and then the
fifth to eighth nultiplexers 2-5to 2.8 in the second

bl ock 2B are sequentially selected. However, it is
sel ect .the first
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and the fifth relay swtch 55
disconnected from the tree structure, because the ninth
multiplexer 3_g has not been in a state in which the ninth
multiplexer 3.4 selects an output signal from the second
block 2B. Therefore, in order to further reduce the time
constant CR, it is preferable to implement connection,
by alternately switching the first block 1B and the second
block 2B.

Moreover, in the foregoing embodiment, an example has
been explained in which the multiplexers 1.; to 1.5 and 2.
‘to Z2-g in 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 3.4

in the second layer is provided with two input terminals

(an example in which the number of blocks is two}; however,




are made ON-state at the sanme tinme in such a way as to
overl ap each other, the fifth multiplexer 2-51is

di sconnected fromthe tree sttucture, because the
ninth nultiplexer 3.9 has not been in a state in
which the ninth nultiplexer 3_9 selects an out put
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to further reduce the time constant
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switching the first block 1B an e second bl ock
dheeever.,, in the foregoi ng enbodi nent, an exanpl e has
been explained in which the nultiplexers 1.1 to 1-4
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with four input termnals; however, the nu
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invention is not limte t hereto. eover,
1heaharegoia® enpadigent; 4a8 i £%ap! ;
expl ai ned in mﬁich the ntltiﬁ?exer §?§%ﬂfﬁggﬁgvsg€gﬁger’
ﬁmyenumsgﬁref!mﬁlﬂﬂﬁibk@@slﬁ@uﬁdéﬁwﬁﬂuﬁﬁhm§§g, and the
exanpl e in which the nunber of blocks is two) ; -

thoveeet , i 8%enthenmnundedioof 15he tieaputhdaf¢s nal s (the
nunber of blocks) is just an exanple, and the present

i nveRtiramdsnaned, | 1 tee Aderdd thg RekbbaRmeng,, ithd he
foregoi ng enbodi ment, an exanple as been expl ai ned
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2_8 are provided in the first |ayer; however, the
amrrdisyt Ofig nuEt khkeexdnst SahdSkeabnexanmilcy:s angst Been
explained;however,thenumberoflayersisjustanexample,
and the present invention is not limited thereto.
Additionally,theforegoingembodimentisnothingbut
what describes only an example of.reductions to practice
in which the present invention_is implemented; thus, the
technical scope of the preseht invention should not be
‘ponstruedinalimitedfashion. 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
'circuit that sequentially switches a plurality of signals
that are inputted thereto in paréllel with one another-

and outputs the signals one by one. Asa technique to which




present invention is not limted thereto. Furthernore,
in the foregoing enbodi nent, the configuration of a
tree connection in a two-lageér-structure consisting
of the first and second | ayers has been expl ai ned;
homever the nunber of layers is just an exanple, and
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sequentially switches a plurality o st gnal s
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out puts the signals one by one. As a techhique t
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pr esent i nvention is applied,"e.g., a test systemis
de@rcejo/ abh elwsbacmlo@nevmgﬂbﬁns%ttlh-ﬁ] el ectri cal
properties of an ultra nulti-pin output LSl is

i mpl emented. In this case, the present invention is
suitable for making a nultiplexer circuit swtch one

by one a great nunber of anal ogue signals outputted
fromthe LSI and output the signals to.an A/D




converter, and for sequentially outputting the

digitized data to an inspection/evaluation section.

29 - [CLAIMS] 1. Amultiplex@® <€ircuit conprising: a
plurality of multiplexers each of which sequentially
switches a plurality of signals that are inputted
themrety in parallel with one another and outputting

the signals one by one, the multipl exers being
connest gdl tApd el oiSIEWEL ULBHpaNd 13 4.l ay switch

provi ded betﬁeen thénbytput te?ﬁinaﬁ'g%f t he

mul tipp@xelallit Poeeff1d! flr1 8¥ 8% sidh 48 el S kW S a1 1y
and an input termnal of the nultiplexer in a |ayer
shatchiess anelheyel thi gheri {hansthes cef @!i'?lﬂ@cyﬁd thereto
The nul tiplexer circuit according to claim1, wherein
Bnpbparallitey @fi tRildidlaxaise X488 bRehNC LG8 #H: signals
|l ayer, a plurality of relay swtches are prOV|de5
detweenohle ol prtlt epmbralks feite PhMRAELEY in a tree
mul tiplexers in the certain |ayer and an input
dterntbakeQf ahe multiplexer in the layer that is one

| evel higher than the certain |ayer, and ON peri ods

of ak lredsty tswd te gy W d6hese aneBRy thBeoptpi@l kbynfhal
relay switches overlap each other. 3. The nultipl exer

afi thel muacdpnaixzeg ta £kaimain Waslal in ehPlhWed btYuekure
mul tipl exers exist in the certain layer, a plurality

agfd ragl aynpswit ttohesi aae PEovhdedubet peerehen QUERYer that
termnals of the plurality of nultiplexers in the

is one level higher than the certain layer.

2. The multiplexer circuit according to claim 1, wherein
a plurality of multiplexers exist in the certain layer,
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 ceftain
layer, and ON periods of at least two relay switches among

| the plurality of relay switches overlap each other.

3. The multiplexer circuit according to claim 1, wherein
@ plurality of multiplexers exist in the certain layer,
a plurality of felay switches are provided between the-
output terminals of the plurality of multiplexers in the

certain layer and aniinput terminal of the multiplexer




certain layer and an input termnal of the nultipl exer
30 in the layer that is one |evel higher than the
certain layer, the plural 89 of multiplexers and the
“plurality of relay switches are divided into a
plurality of blocks, and each block is connected to

thechBput vier Fimal of the %gw i B4 Wr"{hél{? théyej;rtain

that is one | evel higher t the certain I ayer
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ON periods of at least two relay swtches anong t
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The nmul tiplexer circuit according to claim4,” where

drie edch 89 c k WOs & Yo 8WEHCRES ABDRE phRE L BLHG Al ¥>f0fthe
relay switches belong to the respectlve bl ocks ah
revkerigli ékerenh khemieNe:ANEHAGr is one level higher than

the certain layer.

4, The multiplexer circuit according to claim 3, wherein
ONperiodsofatleasttworelayswitchesamongtheplurality

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.




