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SI GNAL _.TRANSM SSI ON Cl RCUI T ACHEVI NG SI GNI FI CANTLY | MPROVED Wonisr-1
RESPONSE TI ME OF DRI VEN CIRCU T, CMOS SEM CONDUCTOR DEVI CE AND [Pystr
Cl REU T BOARD THEREFOR - ... BACKGROUND OF THE | NVENTI ON
5 1. Field of Invention - The presént invention relates to a signal
transm ssi on SIGNAL IRANSMISIXQN IR c@é‘?s R ECONRYETAR PEELFE- boar d,
and nore particularly, to a si gnal%ms Shaknh  cui t havi ng an
assist-circuit, a CMOS seni conduc evi ce haV| ng 10 an assist-circuit,

and a circuit board having an assi st- circuit. 2. Description of
Rel ated Art As the size of a sem conductor integrated circuit

devi ce 15 increases, the siZPTHG %P@@?n%nﬁﬁ‘twv%m?%oqhat fornms the

seni conguctiof pid1epidit etwddicitid device is al so increased. As a result,
the. length of a signal wre that is forned i nsi de the sem conduct or

chip (for exanpllhe prtgpnd inventfion relaties rida isigral| boknsmissipnal

wre that forms I-K dst bel Fig.
1 shows the l(?or‘ﬁ‘ guraat‘#%dheoﬁe%lac%miwgto%fg%‘f %?Je Q‘glr%e%% nsf de an
i nt egr at ed d eide qRMttCiRculatBf g&co a sEpmE tﬂmﬁﬁ@bﬁlémmﬂew ceis

formed inside a square sem conductor chip CP whose side length is

appr oxi rrat é}%)’lanﬁrQ?scﬁﬁW%%ﬁﬁ ﬁ&”@%r%em4?°¢®qﬁﬁr Lﬁ@é’c&? having ne
wire oL Al SiAf e V"'a{r‘f‘d 4 N RpmRd B&@fc@%ﬂhz’f_ﬁ't&g ﬁf‘st-

Ci rcwt deV| ce reac es over A shown I n Fig. OWs a W ring
confi gur at icdrafita ci rcwt [ n which the line length of a signal |ine
LIN between 30 a driver circuit DR and a driven circuit RCis less than 100
[err]m B shows a wiring configuration of a circuit in which the l'ine

| engt h exceedHeHHMIptG QYIS e Mdddaaonfi gurati on of acircuit like a

bus line or a clock dlstrlbutlonllneln ] . ]
As the size of a semiconductor integrated circuit device

15 increases, the size of a semiconductor chip that forms the
semiconductor integrated circuit device is also increased.
As a result, the length Qf a signal wire that is formed
ingide the semiconductor chip (for example, a signal wire for
distributing a clock, a signal wire that forms a bus line, or
20 the like) tends to be long.

Fig. 1 shows the configuration of each type of signal
wire formed inside an integrated circuit device. A large-
scale integrated circuit device is formed inside’/a square
semiconductor chip CP whose side length is approximately 15mm

25 through 20mm. Therefore, it is not unusual /that the wire

length of a signal wire LIN formed inside an integrated
circuit device reaches over 20mm.

A shown in Fig. 1 shows a wiring configuration of a _
circuit in which the line length of a signal line LIN between

30 a driver circuit DR and a driven circuit RC is less than 100
pm. B shows a wiring configuration of a circuit in which the
line length exceeds 20mm. C shows a wiring configuration of
a circuit like a bus line or a clock dlstrlbutlon line in
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2 which nultiple driven circuits RC are connected to a signal i ne

LI N. Wring capacitance CL is gengrated on a signal line LIN
t hat connects between a driver circuit DR and a driven 5 circuit RC
| nput capacitance CGis formed at the input termnal of the driven

“circuit RC wihehyanheipde didvenr cagcouitgaBicprgneengectgdatopa gagnel
~differ fron¥?ﬁgh ?kher, and the val ues of the input capacitance CGin A
B, and C differ %roﬁ1 each other. The value of the input capacitance CG
is 10 proportionulirtiagt bapacibancel Cir ixegeaetratietds onCaceighaltedine LINt he
signal line LIN The value of the wiring capacitance CL IS ,proportional
to the | engbhabf CPRBeSEgnRRtIERE B Rriver circudli RR ghd ﬂiﬁFﬁggn
confi gurati gigehi e Breand rhphitOBabRES tanck! 8¢ BEl Rbrmelea £hBIinput
configuration A, when it IS connected 15 to the signal line LIN, "has the
smal | est capetininaéeofatbe. drivenbsdyaunt| RC.t hBheapadueanod theuwisfinghe

Wi ring confiqguration s Larger _thap th of .the wiring,
ponfiguratiSﬁpiglgﬁac?hgﬁcéﬂaéVtghcgn§aﬁug%§%th£rﬁprFﬁ&h gtggﬁ?iaﬁgaFPgn C
is larger thabubBabfothkhénputi egpdeitannki gar ahi an B, abBdpendifigeen firba
val ue of this capacitance the transm ssion characteristic of a signal
differs gre@gfl. other. Thegvaluehefsthreingyvs- FaPASi6ANSEFCr dSponse waves

t hat : t [ i
wring MnrPESPEFFABlat el endl BnBli be SrIvaR bRRcllLBTRE Bopbatitn co
step responskewaignahalling H&Ner aThd bglubkeofi thegwiriagntagacataoreACEhown

in Fig. 1. Fig. 3B shows th e-for f step _response ve that is
gener at ed b§stR£°RPFPﬁ8naE EBﬁ%%SuaﬁngH Bgsﬁgﬁnsﬁanﬁﬁg.lfg By - 3C shows
the wave-form gebiagStBR weshagSecwRYguirhRtiohs aene,abad by fiba whikng 30
configuration C showmn in Fig. 1. As is evident fromFig. 3, at the wire

~length of twéewi pPhgteorhrguiningncanEhgwnationri §, when)ityiipt gappgched
el B EoChe! BB 3R Lo B, ard Sk el RHEE IEC,
rounded, gesabaéﬁugntly,_the capacitance value of the wiring

configuration B is larger than'that of the wiring

configuration A, and the capacitance value of the wiring

configuration C is larger than that of the wiring

20 configuration B. Depending on the value of this capacitance,
the transmission characteristic of a signal differs greatly.

Fig. 3 shows the wave-forms of step response waves that
are generated when a step pulse is supplied to each of these
wiring configurations A, B, and C. Fig. 3A shows the wave-

25 form of a step response wave that is genérated by the wiring
configuration A shown in Fig. 1. Fig. 3B shows the wave-form
of a step response wave that is generated by the wiring
configuration-B shown in Fig. 1. Fig. 3C shows the wave-form
of a step response wave that is generated by the wiring

30 configuration C shown in Fig. 1. As is evident from Fig. 3,
at the wire length of the wiring configﬁration A shown in Fig.
1, virtually no delay is visible in the rise of the step
wave-form. However, in the wiring configurations B and C,

the shapes of the step waves are greatly rounded, generating
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3 .long response delays. In particular, this tendency appears

prom nently in the wiring configuration Ghaving a | ong signal line LIN
to which many driven circuits RC are connected. 5 Fig. 4 shows
t he wave-forns of response waves. The W ring configuration A transmts

an i nput pudiong ixespansg idekays. ci FewarRzel amst tiRbe neengensyvebpearehe

i ven ci r LR Il b (ARG Apd ' IR 8 10800,

signal |ineimdlndingd e toapacich iragpndoiven cireunbnstR@ avése having a

narrow pul se width. This is a main factor inhibiting devel opnment of a
Iarge-sca!é@ﬂ%ﬁ%ﬁ%ﬁuptor chi p. The content of this factor

al so apglies as @5l M | o PNENUREOFoihs o SE8hohsdwhiial  copRect s.

bet ween integrate circuit devices packaged on a circuit board (printed

S WwWiring wiogimy) .configuration shoutandgei totan itput pulsedee theidrivese
the degree _,_of,. ration of a m cqpductor inteqrated circuit device,
20 the process I‘Hd: (r#(ﬁ%r@??ﬁ“lts Ib‘_?rr&afj]g‘(n ce" R a8 ‘gh? %ﬁ%_ﬁ%?or “need to be
fined, and ddief Mhiidisi s thaand reshdt$ly berdsmee the tphlse | fot theifespect,
it can be considered that the val ue ~of_the capacitance generated on the
si gnal |indndven gEsits RGm| Fespemicieely wheH t Pleh e recrdslt hif scaprihed

thin, tge Zpdbiainess ladde s pllol | 2YEIrds abstcl orpEchihacat the
sanme tine. nsequently, e W ring capactitance CL the signal |ine
and the i nputarsapiscid gukeseCGafindea diameow pulse reidth RC Thisols decnaise

oY St O B U LM o ORI P SRS GBS St st |
order to sQdpsgythis problem for  exanple, in a circuit in which a clock
pul se is distributed to many circuit regions MAP as shown in Fig. 5, a
| ar ge capacifh@onfenteroli tleis tfrdor alsedRPd tedaas tanetmitayer
;hiAfsNg\}sf g?ﬂeq%n?e%@o _SJ'esefgnal line that connects between integrated

circuit devices packaged on a circuit board (printed wiring

board) .

It should be noted that, in order to increase the degree

of integration of a semiconductor integrated circuit device,

20 the processing dimensions of a device such as a transistor
need to be fined, and the widths of the wires must be formed
thin. 1In this respect, it can be considered that the value
of the capacitance generated on the signal line will become
small. However, when the wire width is formed thin, the

25 thickness of the insulation layer is also formed thin at the
same time. Consequently, the wiring capacitance CL of the
signal line and the input capacitance CG of the driven
circuit RC do not decrease by a large amount even if the
formation area is decreased as a result of the increased

30 degree of integration.

On the other hand, in order to solve this problem, for
example, in a circuit in which a clock pulse is distributed
to many circuit regions MAP as shown in Fig. 5, a large

capacitance driver circuit DR,, a medium capacitance driver
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4 .circuit DR2, and a small capacitance driver circuit DR3 can be

connected to the circuit, which is seemngly a feasible met hod.
However, if driver circuits DRlL, DR2. and DR3 are connected to each
signal line LIN, the nunber of circuits 5 inside the integrated circuit

i ncreases. ciscuitebR}t andiea smaldnmapadtqrmerdmmrmmlm can

I ncreases. _In additjo t he cijrcuits for gnal t ass
hrougn af sBe COMMREEBAL 0 ChaerAPEROE,  RBiFhrio Setapaly 3 tpasiBle
deteriorat egethod) However, if driverSEMYBRYtSFDRHE DRYYEMAGONR, are 't
I's an object of the present invention to propose a si gnal tfansni ssion

circuit thatonseehpdbte epchssighay iine LINgnbhet pumberseforisguAtehr ough
a long Sgg?gé %ﬁ@etﬂktQﬂgégratehngi@?ﬁi?glﬁFﬁegggéee N bn%ggﬁﬁE'oghbns'de

an integra clrcul SO an oObject o e present
- invention tampunti d€ powarscgnslmptaoanaisboinereases, alfVaBdiedpaondhet or
devi ce, and a circuit bgard_that are capable of solvi t e above-

stated probPumBRerTRE GhreRitEr fPRe2pPigRAL FﬁvBﬁF?oﬁhﬁaﬁg e228%achi eved by

a conbi nat i 9R-PEaE8A" aCLRELEELEE, déﬁéftﬁﬁﬁngnaEEﬁracg hd8pgBeept oghaks® of
the present i nvention. The dependent clainms of e present Invention

determ ne further advant ageous enbodi nents of the present invention.
Thi s i nventi on proposes a §i t ] SSU i rcuit having a 25
confi gu?at ion in which an assiwi%é?rﬁﬁmwéﬁl ow out put

i mpedance and ougpuis &ReoBlEcBObAt tM@|Fﬂ€Qeﬁf: anpeneion t&OpEepowel hage,

IS connected to a E05|t|on on a signal i ne of the signal transm ssion
circuit. signal ergpamigsienacirghatr thahksiPssSppAPLerefi ASEHEERY0R thi s

30 nvent | onad eeshshu ELISH LyohtahohaR 2 18MGOUIBHEL 1snbMREdRBGE and

out puts the poi nt voltage of ower source I S connected
to a positibncneaalnggnhe degeee ofhantagrathangéna&dengncapaegraned or a

| ar ge IP pacitance. As a result, the voltage of the signal line is
This is f eC1EG Fégenent sheet

2.4 NOVY ¢ It is also an object of the present invention to provide
a signal transmission circuit, a CMOS semiconductor device,
and a circuit board that are capable of solving the above-
stated problems. The object of the present invention can be

20 achieved by a combination of characteristics described in the
independent claims of the present inventibn. The dependent
claims of the present invention determine further
advantageous embodiments of the present invention. This
invention-proposes a signal transmission circuit having a

25 configuration in which an assist-circuit, which has a low
output impedance and outputs the mid point voltage of a power
source voltage, is connected to a position on a signal line
of the signal transmission circuit.

According to a signal transmission circuit based on this

30 invention, an assist-circuit, which has a low output
impedance and:outputs the midpoint voltage of the power
gource voltage, is connected to a position on a signal line
having a large wiring capacitance or a large input

capacitance.'_As a result, the voltage of the gignal line is

heet Has Been Replaced
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5 driven centered at the md point voltage of the power source
voltage. In other words, the driven circugt is driven centered at its
own-t hreshol d vol t age. Si nce the output inpedance of the
assist-circuit is low, 5 the anplitude of the signal is kept small.

However, sidideren cetrttaambdvaan tthe aoid pcsimlr | welht agat ef ethat povsr ospurce
threshold val ue, riven #F furned, on and, ofé assuredly and

is able to YA ¢ s(? B R kfehe TR tTHECRE 1 B8 ATIVGRven si gnal

is smal | . Mymoewdd @ng%tm%ﬁﬁghémm@éo of the assist-circuit is
|l ow, the tinme constant (in this case, it is the product of the

resi stance and mtﬁm@utm impedanes o fethe r@sﬂéﬁsq:lr@ﬁltl w8 bPWi he

pacoed Snr ol Sbtytyae RE NS Sfa 48 Bend AirL, "gvEReL dfntE

Theref ore, tife idpitterd W Becwin 1 dfmmdémbfédomgmﬁs ownStlgﬂed;hd)lﬂe
wi t hout distaorting_the wave-form of the input pul se_even if the sum_ of
the wiring R (AR SERED rpigcuit Jc%pfdm%c%m%wa?%% assuredly, and

Mor eover, %é‘%l@%@%é%ﬂﬂf e t%ﬁgﬁéﬁ%é%@%ﬁé g&ﬁﬂ)l gbesemERe sl |,

t he armunt of transitio arge-discharge currents at are suppli ed
to the wi rlgxgramrsaucgnaa]naes asmkll. Mmovmp.acﬂimetlae eomenubeunpééaace

result,, the unt o ower con uri.ng an o eratio

oncede "of T g dligt o AR SIS ol ST SRS R eBi8 er gy 25
to the firsit aspatie YrédePresathe lfé/semﬂéﬁbe darsd gf@acltaﬁé@nsméﬁl on
circuit having a driver circuit for sending out a transm ssion signal,

a si gnal |.dﬁtqmlrfﬁ%da®tq@s#emn time 2l Be Jrrangmigsiendgsigedrl ven
et W b
(Merr] > Giniss Shafl, The o tdoi¥ne Wil Q056 Pasied Eifolf! ']

pr opagat ed ttHe mg;na]f]a:nsarg:mlss:.on |einecuist @b deidgh Tépeedi gnal
transm ssion cirguit has an , assist-circuit for out‘_Futtl

vol tagd? whi ch iSeTeLqLRgdR tHEPY RIRMEE R & IRTTHYES [‘él'r"F‘?
smal ler thaida 1ind W hSIERsHALe e Wdve I fotheosi ghal ul:p@@

pulse even if the sum of the wiring capacitance and input

scrlbed

capacitance is large.
Moreover, since the amplitude of the transmission signal
20 becomes small, the amount of transitional charge-discharge
currents that .are supplied to the wiring capacitance and
input capacitance are reduced. As a result, the amount of
power consumed during an operation is also reduced.
In order :to solve the above-stated problems, according
25 to the first aspect of the present invention, a signal
transmission circuit having a driver circuit for sending out
a transmission signal, a signal line for propagating the
transmission signal, and a driven circuit, which is driven by
two power source voltages Vg and Vi, (Vpp > V), for taking in
30 the transmission signal that is propagated through the signal
line is provided. This signal transmission circuit has an
assist-circuit for outputting a prescribed voltage, which is
larger than the power source voltage Vg and smaller than the

power source voltage V,,, to the signal line.
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6 . According to the second aspect of the present invention, a
signal transm ssion circuit as described gn the first aspect of the
present invention is provided such that the driven circuit has a
digital circuit which outputs one of two 5 values of a binary output
voltage in respoaseotdingvodbtee secondpaspéottbf thevpnesentuihyenhdlonhhe

assist-circuit,OUtﬁuts a vol tage that ap roxingtgl¥ na%ch S a t hreshol d
vol tage at 2 S1gfg htﬁﬁn%mtﬁﬁtoﬁfc ﬁEuHFg?§a egcribee 18 FRGeLE8Ef rom one

of the two yabpdiee OF tRE ﬁ%@@éﬂtoﬂﬁQHﬁtYQﬁt999p£8vi8§d0§98h $Haef thhe two
val ues of the binary output voltage. According to the third aspect
of the pres@nivémvenr¢wht has a élgnaalteangmteswbncm«puuputasouesefl bed in
the secand pegt p on_ i | ded suc the
noei oo oy crrTede P e e bdfy PERERTE  YPLERbE Pl ReBRRYbE oY ot PRbe

vol t age of iﬂimpowrth@udfiavmléﬁgeﬁlt/[ eand eneé a/ésisi: circuit odepatdi ag
to the fourth aspect. of the present_inventjon, gnal “tTansm ssi on

circuit as Yekka9ddthah ?REr?¥%@@te1Ya§§E€@e%fatﬁhrﬁﬁbgéﬁtv?%F@ﬁﬁl6H i s
provided suglh; dhadn L O8eput 581 She CaiGit1 Nagrahs U1 BUintbBPEAaNEEOhNBhe! S
| ower than an 20 out put™ | npedance o driver circult Accordi ng
to the f|ft@fasm@ctwwfvah@e@reﬁenhe|hynaryouutput uoktggaltbrahsnvtheun
circuit_as d s ribed in ihe fourth

. a t he. present invention is
provi delf sd Rt F¥Revaue P hu h?ﬁBtﬁ%ﬁgeO%?p%EéYgtgig?CUit is 1/4
t hrough 1/2 of tt@caﬁdlﬂgt@@tth@peﬂﬂﬁaeagﬁeé@eoﬂrtu@rpﬁeééﬁtt1nventlon,
According to the sixth aspect of the present invention, a signal
transni ssi o %49%%4tt%%n%m%%$l%@dclﬁcﬂh% ¢$r@¢scrle®eéﬁ bhet pecprdsent
i nvention i | h t verter
i ncl udi ng 5% %%%tgggkﬁgr gﬂgﬁn% ?é ér%f#% d gﬁﬁﬁ £?égd %%k

circuit in assﬂ%t{ﬂnt¢mutn@wtpmesnanablaégéhEhétrss appfoxﬂmatelyoanected
with the output term of tPe first inverter According to the

sevent htoasJBtPUNY & ?%%%H? i R PPERT s°ur%9éY%%%?g??éﬂgnF§ Yep-ci rcui t
as described in AfoSdhd to the fourth aspect of the present invention,

a signal transmission circuit as described in the first
aspect of the present invention is provided such that the
assist-circuit has an output impedance that is lower than an
20 output impedance of the driver circuit.
According to the fifth aspect of the present invention,
a signal transm1851on circuit as described in the fourth
aspect of the present invention is provided such that the
output impedance of assist-circuit is 1/4 through 1/2 of the
25 output impedance of the driver circuit.
According to the sixth aspect of the present invention,
a signal transmission circuit as described in the first
‘aspect of the;present invention is provided such that the
assist-circuit has a first inverter including an input
30 terminal and an output terminal, and a feedback circuit in
which the input terminal of the first inverter is connected
with the output terminal of the first inverter.
According to the seventh aspect of the present invention,

a signal transmission circuit as described in the sixth
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aspect .of the present invention is provided such that the driven
circuit has a second inverter such that beta ratio of the second
-inverter is approximately equal to a beta ratio of the first inverter.
5 According to the eighth aspect of the present invention, a
signal traaspetti of &he Priesthtddisidmieibr N krdviddd suclasylest thet he
present invention is provided such that the assist-circuit has a P-type

FET and an9RiffRe irrudifchasmar second rgrvpntehisch dhalge iketdprateP t o
gates of 1be BryRRJonl KhRAEdY P drhx ARG AR to a betd EALNY
to the ninth aspect of the present 1nvention, a signal transm ssion
circuit asofetshe Hdasitn inverfterst aspect of the present invention is

rovi ded such that t assi st-circuit has a vaql.tage source-which,
DLt pUtSS a1 pr ACCATIRT, G TE EHANTES 9R5: G s FSARIET b(pebion.
vol tage V[er rshﬁea@i TFelnshli Jidh ([T RO ad UL MUd aGe Merfirst

According to the tenth aspect of the present invention, a signal

transm ssi @8pectc 9ft the Ppreseaniednvientiomiig proviggbauadt that gikeent

i nvention i LQVi ch _that 0@aei g o Ii r r Pﬁf

| npedance %%151&3? gﬁ‘%%ﬁlﬁ# Iillas"\}/]\% (?thrilgroo\%ers ar?%%dut%;)r{n%itﬁgleegaé\églg B h%%/tg\l,\% age
that the forekatrdgbiasunvedthas di piplied to gairsprall nthd ®ithepe | FERENL h

aspect of th%a resent i nventign, .a signal transmi ssion circuit as
descri Bed PRIaMy t¥®e SETh&SERSGEI¥RigUgh tenth aspects of the present
invention - i 3d9¥ided tHthd hahdh @ stditalod rans Brsddit Gidwehdidalr t her
has a cut-off nmeans which cuts off a current that fl ows bet ween the

signal |ine signafe taggisgtisgicguictircuit as dessuridiedy ditro thee fisdt t h aspect

of the present invention, 30 a, si.gnal .t.ransm Ssion ciJycui escribed in
The 11 r ot - B8Beck R " prd el sV ns R I TS ARA dien BT S he
assi st - ci r adisti sltasiadeuiibNBagaze vald agref erARaEK wHildHlidutiputs a Whi ch an

input terminal of the NAND gate is connected with an out put term nal of
the NAAD gRrescribed voltage that is larger than the powex source

voltage Vg and smaller than the power source voltage V.
According to the tenth aspect of the present invention,
a signal transmission circuit as described in the ninth
asbect of the present invention is provided such that the
20 assist-circuit further has a low impedance buffer circuit
which lowers an output impedance of the voltage that the
voltage source has output.
According to the eleventh aspect of the present
invention, a gignai transmission circuit as described in any
~25 of the first through tenth aspects of the present invention
is provided such that the signal transmission circuit further
has a cut-off means which cuts off a current that flows
between the signal line and the assist-circuit.
According to the twelfth aspect of the present invention,
30 a signal transmission circuit as described in the first
aspect of the present invention is provided such that the
assist—circuif has an NAND gate and a feedback circuit in
which an input terminal of the NAND gate is connected with an

output terminal of the NAND gate.
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Accordi.ng to the thirteenth aspect of-the present I nvention, a signal
~transmssion circuit as described in the g twel fth aspect of the present

i nvention is provided such that t he NAND gate includes a control
termnal to which a control 5 signal, which cuts off a current that flows
bet ween t he Eiaprading neo arlde t el tissesth cAaspect ,of stheppresent

According to the fourteenth pect of,the present, i pventj.on, a si.gnal
transi ssi PYSTEARR R LT petrRemisRion CEreuit Anctsorioed B i
invention iyl B desbsHE ot hghe 1reddlet atSiSht Lo CL tpFewi ddd NI atiga@nd
~a feedback circuit in whi ch an input termnal of the NOR gate is
connect ed e NAD gajke pircledes nal contxok teorpeak. to which aceertrey to
the fiftee aspe of, t r n ' | ng@l I SSi on
circui ttsasrgd&cr [ 'b(e\‘}'dhll%lht%}gtgéfguért%%% %E%E%%éc‘?nfo]f&f%e pr e%‘éelﬁlféﬁénnvent i on
s provi dedsigedil 1iné had ttiee e Datt ecd re@hitdesia Dopht ol term nal to which
a - control signal, which cuts off a current that fl ows between t he
signal |ine and w%w%tt%i%%if??%%e?m@spec? of the REFHFto the
si xteenth aspeGle Qin ! he PIGSENtRA0nddWEN O i Aodi e dLSPEIBEST D i CUi t

as described in the fiTst aspect of the present 1nvention is provided
such that firsthespsittolitheipreésenonireenttion s terowided osuch thet
si gnal

| i ne. . . According to th vent eent h aspect. of, the present 25
nvont i, e ian R cpif A7 QORI £ Cloaty  JEeBEE T
circuit thathidls @n HhMet €éFhihdl fOf SONOR gate Ol EoMfEESSd SBiEM an
signal, a signal line for_ propagating the transm ssion signal, and a
driven cir QHEPUbHiMiRa} % 9 WNOR gat®- power source voltages V[err] and

been 1 ransm (1 ed TRrSUaES (FQ The ETEadhtiy dolfece TR Eefithar the
signal trangwersiion, a gigmal ttiessmission stivtuiiias viestrteduis the
Prescri B gourd Ol atble ot S SEad R L S PR 1 S P 1898 o
the pover sHdCanOINGEGME Ihclided e Soib] terhidl to which &ccording
to the eighteenth aspect_of the present
qontrol signal, which cuts off a current that flows between
the signal line and the assist-circuit, is input.
According to the sixteenth aspect of the present
20 invention, a gignal transmission circuit as described in the
first aspect of the present invention is provided such that
the assist-circuit is connected to a termination of the
signal line.
According to the seventeenth aspect of the present
25 invention, a CMOS semiconductor device having a signal
transmission gircuit that has a driver circuit for sending
out a transmission signal, a signal line for propagating the
transmission Signal, and a driven circuit, which is driven by
two power source voltages Vg, and V,, (V,, > Vi), for taking in
30 the transmission signal that has been transmitted through the
signal line ig provides such that the signal transmission

circuit has an assist-circuit which outputs a prescribed

voltage, which is larger than the power source voltage Vg

——————r
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i nventjon, a CMOS sem conductor device as described in the 5 seventeenth

aspect of the present invention is provi ged such that the
assist-circuit has an-output inpedance that is | ower t han an out put
i npedance of the driver circuit. According to the nineteenth

aspect of phe BrAISRL than RMRNPoWer aduMde selitegedot)ortalashe esignal
described in the 10 seventeenth aspect of the present invention is provided

such t Bdnet.-he assist-circuit has a beta ratio that is approxi mately

equal 10 a betapatl;ly (e ol Wurtlddit aspect of HMEGUdnd 0 the 20th
aspect of the present ITvent i o circul © board havi ng a first

sem conductlmeehe\ibme TahmdSasseamdb&duhom deivrics tasf gle ety isutthe

transmwgm on si naI secc%Fg] eni_condyct.or dq:VI ce, J\%\@xc%lée rély&p by

two po sev! aving a

driven — tGHakClie fa%fsﬂs%dei&duitt i}&é ra&ﬂ%ﬁt@ﬁtoriuqdegiaaice aithta 18 Qrower

line pattern for propagating the transm ssion signal fromthe 20 driver
circuit tothan ém watpeitr amptedamqorqfvutd@j driey cirqyiteuit board has an

assist-circuit | ch (8S dsnd arger than
t he power sourc 63. 4) t%[eerr fq{ealfé%%rpe%gagﬁfﬁe pg% sour ce
vol tage V[ aklentli®n, a tdmmlamlcdndm:u% deviceAemrdtsuy iled o X '
aspect of the present invention circuit board as, describ cfd i n

20t h aégectsemeqtr%%wct OF, ihen (ERBSRE pIBRARTCLP™S i R G90 fud®
assi st-cirg ;ﬂ @ﬁh%c?lst-%ﬂhﬂ ’Hé?éjaeﬂ%tq‘aﬁaﬁl% vy £dan an out put

| npedance o river circuit. The outline of the
above- descaigpebxiimatreliyoreqieels tta beta |1$£tt:la} lof Héhe edfuivary circuit.

characteristics _of th rese i,nvent i ?,&b o, S
characteristics A@F&ﬁﬁﬁrp Bﬂ%ﬁ KPR e%F y lishtgles ope : Eoié tﬂ%v%f%te}é%gi ea

i nvention. cjrcuit board having a first semlconductoriﬂbv1ce that has a

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a nagn |edtop Vi ew

of a sdfi colmivamcigyit forx @e@wauwmftwftﬁ‘@b?%@t n"t e @
ConventlOn%eéé%é”E%ﬁ%@Bqductor device, which is driven by two power

source voltages Vg and Vi, (Vi > Vg) , having a driven
circuit for taking in the transmission signal, and a signal
line pattern for propagating the transmission signal from the

20 driver circuit to the driven circuit, is provided. This
circuit board has an assist-circuit which outputs a
prescribed voitage, which is larger than the power source
voltage Vg and larger than the power source voltage Vg, to
the signal line.

25 According to the 21st aspect of the present invention, a
circuit board as described in the 20th aspect of the present
invention is ﬁrovided such that the assist-circuit has an
output impedance that is lower than an output impedance of
the driver circuit.

30 The outline of the above described invention does not
list all the required characteristics of the present
inveﬁtion. Sub-combinations of these characteristics group

are also covered by the scope of the present invention.
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5 has. . Fig. 2 is a connection diagramfor explaining the
conventional technol ogy. Fig. 31 a wave-formdiagram for
expt ai ni ng an operation state of Fig. 2. 10 Fig. 4 is a wave-form
di agram for expl ai ni ng anot her operation state of Fi Fi g.
5is a magnified top vi enBREIEE BEGFRBRTLEN oPF cHIB DRAWégGﬁxplalnlng a

nmet hod for solving the problens that arise I n the conventi onal

t echnol ogy. 15 Fig. 6 is a block diagram for explaining the outline of
this invention. Fig. 1 1sthma@nisledcaﬁpevieanoﬂ|agsem1mbndhcsprcchnpalIy
shows each part_of the b] ock dji agram shown in Fig i

8
a graph for %Rp?%?%?hﬁl?ﬁethﬁePEPP%ﬁm%ftPﬁE ébeeﬁ%ﬁﬁ?ﬂﬁh9n§%oﬁﬁ0hﬁ°iggy -

Fig. 9 is apygquivalent circuit diagramfor explaining t he operation of
t he enbodi nent shown in Fig. 7. Fig. 10 shows the wave-form of
each part of theFig. %qusvaleqnnectmgntdshgmnmuﬁOFugxpDa12$ng the Fig. 11

Is a block diagr for e I N a utility exanpl e of” thi's invention.
Fig. 12 is B %€1 b g%?ﬁ%?iggﬁraining anot her utility exanple of
this invention. rFig. 3 isFhQwal8-E6rm 8lagkadli ﬁ@famcﬁpalﬁxngaaﬁl ng further

30 another utility exanple of thIS |nvent|on Fig. 14 is a
connect i on YPeXREEPRoPtake| @f nFAg- a2 vari ati on exanpl e of an

assi st-gy reui t Egﬁgf'@ 1 8i %Q¥§n£69ﬂ diagram fora?¥%lainfh aﬁé?h?ﬁg

connection diag or explal ni ng anot varl n exanple o
assi st -cir copératseoni stabesof Figventi on. Fig. 16 is an equival ent
circuit diagram i S bl ock di a

expl ai ning a uti€$$§|g'iéiﬁn%?%nﬁgi?ﬁgggﬂégﬂ?WEﬂf %hﬁﬁﬂl?ﬂgﬁ §L°{5°hlp
Fig. 18 is gofO8RSTAiRIngi 80h8EhbQr £6¥PEELPLAY ERHe pré¥R&RLCtharVAkEBed
cutoff neans is attached to an assist- circuit used in this invention.
in the conventional technology.
15 Fig. 6 is a block diagram for explaining the outline of
this invention.
Flg 7 1s a connection diagram which specifically shows
each part of the block diagram shown in Fig. 6.
Fig. 8 is a graph for explaining the operation of the
20 embodiment shown in Fig. 7.
Fig. 9 is an equivalent circuit diagram for explaining
the operation of the embodiment shown in Fig. 7.
Fig. 10 shows the wave-form of each part of the
equivalent circuit shown in Fig. 9.
25 Fig. 11 is alblock diagram for explaining a utility
example of this invention.
Fig. 12 is a block diagram for explaining another
utility example of this invention.
Fig. 13 is a block diagram for explaining further
30 another utility example of this invention.
Fig. 14 is a connection diagram for explaining a

variation example of an assist-circuit used in this invention.
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10 . Fig. 19 is a connection diagramfor explaining anot her exanpl e

~of the cutoff neans shown in Fig. 18. 11 Fig. 20 is a connection
di agram for explaining a configuration in which a cutoff neans is
attached to the assist-circuit shown _in Fi s a

! , .14, 15 . |, Fig.
connection di agFden fd% &RpRafARAECHION é@ﬂﬂF@%ré?FoﬁxPﬁaﬁﬁﬁeﬁ %ne f
means i s aGLpehefohOcklifiple BESLRE- fhbEUELcibouaL UsBlUinlbnand the
assist-circurt shown Ph Frg. that 1's used as a m dpoint voltage
sour ce. inventfon. 22 is a bl ock di agram show ng anot her enbodi nent of 20
a signal transmi ssion _circuit accorﬁ%ﬁg to_the, present ofigg 1tien.

Fig. 23 shows aFiPecifitScBht FEHLYR of 1ERUAEsAdpgram of K L%'which a

NAND gafe is uspilyg. 17 is a bl8ck2dih§rambEeekestpagiainghanid fityt her
anot her 25 enbodi tent of a S|gnal transm ssion circuit according to the
present i nesampbe. of the embpfigment shews ansfési-fil€-configuration of an

i st - irouit ig which L d ) DETAI LED
PEaon PTI ON oF BEE" | Mk %ﬂcgnﬁg@t@ggﬁggﬁgg@eﬁ?ﬁ Sdplaining an |

expl ai ned ghagpud ihsSwhicheabedtoEft meabewtsernt thbhetioltlbownngseitsddi nent s
do not limt . the scope of the present invention described in the
cl ai ms. cigpuébvepedndn shis; ABVERRBPRati ons of the characteristics

12 o describpgyiniphggegbadihiBRt3ofl 81REFEHS okl ¥xPISeRing adther
solving the presegt I nvent 1 on. Fig. 6 shows an enbodi nent of a
si gnal traesamp3eoof thei cubeffaveengi syown im Fiognvddt-ion. In Fig. 6, DR

RC, LIN, 5 CL, and f dei. 1 cui - ewt
Signal |ine, i Piflg €ApaE PaRBBReRRACH, iagrAn, Sl Ml glaiuf W ! @

respecti vebynfagubat ibaeanewhkahnad cutbl fr eleahende betilohed todrtds ngs.
In this invention, an-assist-circuit AC.is connected to 10 a position on a
signal |inaspiRt-Thecudsi showny dni Fige d4n

15 Fig. 21 is a connection diagram for explaining a
configuration in which a cutoff means is attached to the
assist-circuit shown in Fig. 15 and the assist-circuit shown
in Fig. 7 that is used as a midpoint voltage source.

Fig. 22 is a block diagram showing another embodiment of

20 a signal transmission circuit according to the present
invention. _

Fig. 23 shows a specific configuration of an assist-
circuit in which a NAND gate is used.
Fig. 24 is a block diagram showing further another

25 embodiment of a signal transmission circuit according to the
present invention.

Fig. 25 shows a specific configuration of an assist-

circuit in which a NOR gate is used.

30 DETAILED DESCRIPTION OF THE INVENTION
The present invention will be explained through its
embodiments. However, the following embodiments do not limit
the scope of the présent invention described in the claims.

Moreover, not all the combinations of the characteristics
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be constructed, for exanple, by connecting a total feedback circuit NF
to an inverter INV (polarity inversion cixzuit) made of a CMOS circuit.
In transmtting a signal at a high speed, the signal 15 that propagates
through the signal |ine can be reflected by the driven circu%é. In this
case, an ovefSSH&Bedoin,Rher embodingptscareppegenenraidy PASERE 1Rdv E%or m of

the reflectgdivingl 8R! ppBEBRENSRYELYEBACI rCUit receives the signal. In
or der to decrease the magnitude of such an over-shoot or under- 20

shoot, the assisFigir6ushow€ amyehbodimentt off tostipral ttrensmission of t he
signal line LIN., Fig,_ 7 _shows_an exanple_of _its gpecificg cCi i t
structure. PAECHE BRSRBALNOREONCRRE GPYGBELERY cuff BAYank” DRur RignLiN
circuit RC enntaha e rayert ep ghdeiobracEtMoRielraudkivéd Ehecuit, a
assist-circuit AC can al so be constructed by connecting the total

f eedback ci#tanalNFing, awilripgr caparitangea andsan ippPuEurePIcitangee.

According t i it ryct.u f 1l 18a5Skat ~GiehCUf A
vol t age at ?ﬁ%gggﬁ%%%ykbdggJﬂg EgeﬁhgxP%%g#égngigﬁtggké?gbkfng sEg t he

i nverter cadrawifl@sstabilized approxinmately at the m dpoint voltage of the
power source voétage VLernL -V errL“ The ,reason_for this w || b%
expl ained with I’E?GF ﬁeelpg pFé n8_ an assist-circuit AC is connected to

13 10 a pbBifién 8&n Eh§i§H5Y91YnE?ﬂ&ﬁ§enTﬁetQ%s@b&e%Hr%ﬁﬁﬁeﬂb can
transm ssion characteristic (The relation between the out put vol t age
and the i npbe gonstyuyted,t fieri axampde,| by connectingi actotrd feedbegk has

characteri scrReate HRCbRodnot pREEEREoRY: (BRaePY Y. ThwBEdNh, 2idelies

Here, if a wadal ofeedbmok tsrepptied by shorting the i nput term nal
with the output term nal (or by connecting the, I nput. termnal toQ the
out put term nal TRihg2BSHELEERT| preignad prEspshigh PReBfdefhEoSdgRSLr uct an

ool B ! Sthhc YrppagBCHl h20aLh LS B1GRRT.unketLion, Linyuatue of (he
ance, i f atkerdrihen| checigi velinbygh¥encas¥ouani svdrashootepr under-
shoot can be generated in the wave-form of the reflected
signal when the driven circuit receives the signal. In order
to decrease the magnitude of such an over-shoot or under-
20 shoot, the assist-circuit AC may be connected to the
termination of the signal line LIN.

Fig. 7 shows an example of its specific circuit
structure. 1In this example, both the driver circuit DR and
driven circuit RC contain an inverter made of a CMOS circuit.

25 The assist-circuit AC can also be constructed by connecting
the total feedback circuit NF to an inverter having a CMOS
circuit structure. According to the circuit structure of
this assist-circuit AC, the voltage at the common node J of

the input and output terminals of the inverter can be

30 stabilized approximately at the midpoint voltage of the power

source voltage V,, — Vg. The reason for this will be

explained with reference to Fig. 8.
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the curve Y, it becones clear that the output voltage of this 15 circuit is

~equal to the Y-coordinate of the point at3which the straight line X
i ntersects the curve Y. This intersection point is the point at
whi ch the out put voltage_is inverted on the curve that indicates the

di r ect curr eAt FignsBirs §hen WYeach &epesents, the,dirgatacugngnty. 20
coor di nat etQ‘Bn%Rﬁ%sllBhe@%%&%fl%tq.@‘la(l hte0 A& didH (betweérprtﬁ%c&gq%iﬂé ue

of the inverter. case in which the on-resistance
P-type FETvoltage eqdalthmmlpaltt oflithgell ofpeheELnweheres tIe. P-type FET and
the N-type FET %OﬂStl te the_inverter, tlhl S |ntersec.t|oq_,unctp.0| nt becones

exactly the md e St H‘él ﬁg\ﬁﬁr g’&fr &~ g? sion Pre, for
the sake ofnegaplioat Yy thehenveiferORxhibitd @SidicaRbSg \Wiaribristic
However,-in reality, the characteristic curves of the on-resistance of
t he P-typelPEthsoneas&bNrWeé PET they d ogdie: Ithreshiold valyeorder to expl ain
a little no regiesel n Iy

coefficient [err g ﬁfbg ﬁ?& lag%%ﬁ&F%%EX t B gﬂf%%?e§gnts t 1ng hease of

f|OM/Of thenﬂuaine&mﬁhaﬂtwdthatEEToutput terminal (or by connecting the

Drain qur ent c eff|C|ent [err portionality constant
detern1ned189thEe§W}8 ft %ET L?%h iélqa-q VlceI 4&?
It theiferbaqktbhe Nhtﬁ&%eEEan@@ﬂ§ﬁ¥thfahh%é%ﬂéﬂméﬂggﬁlés

represented by [err]n and [err]p, respectively, [err]n = (WLeff)
([ err]ox/ TegFordisgr kn, thkf presenpzemvsrﬁlpw L@fﬂfG) valjusr qmmmpuqo ef f
W gate w ggitalg‘j%f i)éC%];nf Ct | V%.lg% tlhenQrta u thhel %lﬁ pu Q}coltage

Hence, if a straight line X given by Vin = Vout is drawn over
thé curve Y, it becomes clear that the output voltage of this

15 circuit is equal to the Y-coordinate of the point at which
the straight line X intersects the curve Y.

This intersection point is the point at which the output
voltage is inverted on the curve that indicates the direct
current transmission characteristic. In other words, the Y-

20 coordinate of this intersection is equal to the logic
threshold value of the inverter.

In the case in which the on-resistance of the P-type FET
is equal to that of the N-type FET, where the P-type FET and
the N-type FET constitute the inverter, this intersection

25 point becomesiexactly the midpoint of the power source
voltage.

Here, for the sake of simplicity, the term “on-
resistance” was used. However, in reality, the
characteristic curves of the on-resistance of the P-type FET

30 and N-type FET have non-linearity. In order to explain a
little more precisely, a number called a drain current
coefficient P will be used as an index that represents the

ease of flow of the drain current of a FTE.
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gate oxide film [err]ox; permttivity of gate oxide film J[err]n, 10

eff; effective nobility of electrons, [erk¥4p, eff; effective nmobi ity
of positive hol es. Using this [err], the drain current of MOSFET can
. be expressed easily as follows. ld =[err] {(Vgs - Vt) Vds -

(1/2) (Vds[err])Praipveyrrent] cogéficisnt By a proppytiopal2ty| eppptegs -
Vt)[err] ? Sys . e e Ll A, t ility
of positivedégggglngg Pg g%%rg%FﬁaP£|VbE§F?'tﬁ§§ 8g£8?gckggggf Q%egggore,
if an N likgpe FET and a P-type FET are nmade in the sane shape
(provided that they have the same threshold voltage), it can 20 be said
that The anount &f therBneftbhe Ntoypet REBughdt bhatl of theyBet¥E® FETtwi ce
as nmuch as the anmount of current that flows t hrough the P-type FET
The on- resi 3FantePEeseReef; bypbnrand; BPa FafPeGFlVYRAY ! of the P-type

FET. In a sgandar evice, the [ert] of th type 25 FET is usually set
equal to thé? ﬁf(ﬂﬁgeétfybésﬁﬁf 8?5théun’ Ctthape (Wdth, Height) of the
N-type FET p§ US t. I t h f the P-type FET. In
t he case i nbé\/ni cKﬁH%f?gt i g&g?/tTﬁg)[e?ﬁ' %ff?he N-type FET with
respect to Whegéeerywidthi hbePf;ypEfEETitvRegatR tehgth] nTpm:r fhickeeas306f
ratio) is changed by approximately ten tinmes, the resultant  _ changes are
i ndi cat ed agpEexpHhcel glwlcm&espemmﬂaﬁwwtxmate eRige gfilm, Hepe, V1

can be represented_by setting,[err]n_>err]p, err]R =
10y, antd VoSEEh GLCPERIRECROBItBGYSBE PLECEEPREn KDy oPFFp, ofFEPFIRE | -
0.1), for eysnPlec{[8ErbBsit vkl RoER the drain current coefficients of
the N-type FET and P-type FET, respectively). In this case, by

setting theubthg thisopfpetheedrabn durrent of MOSFET can be expressed
easily as follows.

1d = B{(Vvgs - vt)vds ~ (1/2) (vds?)} (Vds < vge - ds)

15 Id (1/2) p(vgs - vt)? (vds > vgs — ds)

In the case of silicon, the mobility of positive holes
is approximately half that of electrons. Therefore, if an N-
type FET and a P-type FET are made in the same shape
(provided that they have the same threshold voltage), it can
20 be said that The amount of current that flows through the N-
type FET is twice as much as the amount of current that flows
through the P-type FET.
The on-resistance of the N-type FET is a half of that of
the P-type FET. In a standard device, the B of the N-type
25 FET is usually set equal to that of the P-type FET or the
shape (Width, Height) of the N-type FET is usually set equal
to that of the P-type FET. '
In the case in which the ratio of the B of the N-type

FET with respect to the B of the P-type FET (PR = Bn/Pp, beta
30 ratio) is chariged by approximately ten times, the resultant

changes are indicated approximately by curves Y1l and Y2 shown

in Fig. 4. Here, Y1 can be represented by setting fn > PBp,
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5 type FETQ err] and P-type FETQ err] of the inverter IV, which
constitutes the driven circuit RC, in tha&5ssane manner as that of the
assiFst-circuit AC, the threshold voltage, at which the driven circuit
RC is inverted, can be set equal to the m dpoi nt vol tage of the power
source vol t@Fe =Vi&r] and/¥er can e meprgaanted oy aattigg o relfi.i offR
bet ween the inverter 1V, whj ch constitutes the assist-circuit AC, and

the invertér 9-1) t RQr &ML, Bt @ney dhe i frain GWEREI Y he rel ati on
descri bed (Jds ' I t | D oS t |
%%‘ﬁl(dl%dgﬁ ot e %ﬁ%cﬁ’&:&‘ \a/%r}cfa%}%:gé(%'r, Papect 14N

circuit RC centere Its own t receives a signal” that
is sent fromthd&mdribhier ceisecuilly BRtting the Heatp atsiwise tareanuival ent

circuit_of this _signal ranspissi on.ci.rcujt. The Lver, circuit DR can
be expr 8ss&dPe F%ggkdi eﬁﬁeﬁt‘Fﬁﬁymﬁi@w‘?%ht%lnﬁgr?fdi‘épr‘@%’eﬂ]?s t he out put
i npedance @ordhtd tliteseit He IdtivierDR i dduifd RC,9.id hhdlidffd mdhitalr re&8tthat

resistor of the signal line LINis omtted. RM represents an equi val ent

resistor tleft the sqaalsti-edrawt BC, thehihnashadsbdendeads, tate which the
assi st-circul., C. .l h he | st- Gl rcui be
represente alérégl ccllrrré]:thllqltt t ca\t,i%lr g%vertceéidnecca}qggiﬁsOS%%ee(##édlp&%\tcﬁpe\/bl t age

Vierr] viagitpagt \@18lge? B %ﬁiétﬁawéw%f&%iﬁp&?é walue ys Rlerr].
When the switCch SWis switched to tthe contact point sidein the
driver 18i r perefRre,hdyp@sittiing \rdie atpd affigny [batween tdpplinkrter HEVsi gnal

line LIN th h the t inpedance. . Rerrl,.lnthis cas current
[[err] fl O\A“QBIL% 8&’3’&” tt%‘rl#té&:ér?pé:g};enc?es Sj(?tR[celrrr%}ulotf pfcffe aerbcyuiris/r%ﬁ elnr%ever]gtselfs‘lt or RM
At the sameHatomstituted ttage dditfar] dikigait KA dHdBleldwions skewed
toward the positive side with respect to the m dpojint, voltage Verr] is

gener at ed Sesardbssu@bpveriin wiichydhy sane Ratpaabdn dsdpign) . the
Elerr] = (YAYeh <i il )ﬂﬁ]@erélﬂe(r%derart] "'Eéq[cﬁfrf]t)hresho[%.(lgl)v ltage
16 lher an d‘ ) |? t%ge

On the ot , Inthe driver circult
swi t ch 15W recsviivieshed stiginiaie tdartt det geoitntfdonsitdes drierepowerrcuit SRR ce

vol (age Verr] AcUiPlhend ol iy Shlidod S L ol cugndf 112
AC, and thereeishd@®idin diedgde J 9 fdrSvedr cirddit TH0ddY &8 depiysdad
with respect to the m dpoint voltage
equivalently by a switch SW. Ry, represents the output
impedance of the driver circuit DR. 1In Fig. 9, the direct
20 current resistor of the signal line LIN is omitted. RM
represents an equivalent resistor that is equivalent to the
output impedance of the assist-circuit AC. 1In other words,
the assist-circuit AC can be represented as a circuit that is
connected to the midpoint voltage V., via the equivalent
25 resistor whose resistance value is R,.

When the switch SW is switched to the contact point A
side in the driver circuit DR, the positive voltage V,, is
applied to the'signal line LIN through the output impedance
Rosr- In this case, a current I, flows through the impedance

30 R, of the equivalent resistor RM. At the same time, a
voltage E, (Figs. 10A and 10B) that is skewed toward the
positive side with respect to the midpoint voltage V, is

generated at the node J. This voltage E, can be expressed by

E, = (Vpp — Vgs)Ry/ (Rp + Royr) (1).

i Replaced
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V[err]. This voltage E2 can be expressed by E[err] = (MVerr]-

Vlerr])Rerr]/(Rerr] + Rerr]) . 1e2). As has been

menti oned before, the resistance value R err] of 10 the equival ent resistor
RM of the assist-circuit ACis snall satisfying the relation Rerr] <<
Rlerr]. Therefor@ the abberihaed, in the drivpy E}E?P}toPRt hefsFRal s
gener at ed neg@e e ad | I nce
t he threshg% dh\t/%ugewo%é éH{eﬁgg?nécgr%P%ngggg%g%l tﬁhgkﬂ?l vgir}éc ?gﬁ?t RC

is the 15 soupee nvolbagegeé\Vier shppheadt he dhevsugnailcﬂmneRGIHper Hepee,t he
driven circuit_ RCis assuredl | nverte | t ages err d EFle

(Fi o1 08) Thhie Saf8n f CHECSRD T+ dehonm oS i e Inodfinc &F 150 11
and Ef[ers'] , agespectivehye ﬁ@neéﬁ&e@hétvéhﬁagéd&t%he nod8egekni erst B8
driven circuit RCis i nverted i medi ately 20 after the voltage at the node

J crosses tHee megRtiveveidadgey E, witdy Mesm@ain tid the widnadini valdagsn of
the wiring ‘;apa%lhrl%n% a Ll anPI Bguhcﬁ?%ggéaa e CGis large and the

vol t age change of t i gria i né as a Iay, t he out put of the
driven circut =qucan_ hp)g{/a (xe Tt thd)l n a wave-fgymthat has 25
virtually no wave- f orm-def or'mati on as Shown in Fig. 10C The

rel ation Ith weerA® hkas upesn mmbm@ Wﬁm’?, ablle ouepistance| vpduanBe of
Vo tageld £ ) CaRTEReRt [ EoiVoh CBMORE B P pranERURE RS, 10U 0

shoul d be nedelsfyhhgttite voblagesn Rerdd rRHd Efbierlefoge] the3@mpldrtadas

Rlerr] tends to zero. However, since the driven circuit RC has a
threshol d Vil eRGe E:t R€ Gheueighagpegeneratedpat theqppdennEdTRi PHENEPHe

Signal sensid i &y ofal s 07 | ¥EMgas e 06 ¢ UbinEC clbCCHRXLAIAI JR¥he VB 200

at which the driven urt e to output a st ue of L or
H when the inversion operatlon of the driven ciFcuit RChESlhhet Is Lis

denot ed, by V, The m i.nput,_.vol | a ich the drive
T our tsme wisigd e (WSLERde (Ve Wiy e dridfan o1giuitl W qpitedielShne ¢
His denot &ﬂriasyeﬁ/[@if&uli\smnls asdhi AR iNPer¥B@NbY NP0l PaYEsi B, idHd egsed

gradually fromL, 5 the input voltage at which the output voltage of the
driven E:ﬁ'lrg:w 3601?36 %@%ﬁﬁtgl% oWk‘PﬂQMet%%b%mhﬁ‘—@qiﬁ yrapgeseofehbeed by
Vierr]. th C adua f rom H,
the i mput Wit SaREdcl, SR ckpltts 8190 ERREHE N"AL ERE node’ °

Therefore, the driven c1rcuit RC is inverted immediately

20 after the voltage at the node J crosses the midpoint voltage
V.. Even if the value of the sum of the wiring capacitance
CL and input capacitance CG is large and the voltage change
of the signal line LIN has a delay, the output of the driven
circuit RC can be transmitted in a wave-form that has

25 virtually no wave-form deformation as shown in Fig. 10C.

The relation between the output impedance R, and output
impedance Ry, will now be explained. As the above-given
equations show, the voltages E, and E, are functions of R, and
Rym. It should be noted that the voltages E, and E, tend to

30 =zero as R, tends to zero. However, since the driven circuit
RC has a threshold voltage, the value of R, must be
determined within the signal sensitivity of the driven
circuit RC. The maximum input voltage at which the driven

circuit RC is .able to output a stable value of L. or H when
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driven.circuit RC starts to change substantially is denoted 10 by V[err].
For exanple, when the input voltages V[ear] and V[err] of the driven
~circuit RC are approxinmately V[err] + (MVerr] - V[err]) x 0.2, and
Vierr] + (Verr] - V[err]) x 0.2, respectively, it is desirable that

the ratio AppRyteriy L is lenphietb Y Ve -and e mininun dapsitd#elEage h
equat i ons ) )qmd : Py t he

"m dpoi nt \%’lo t“ggce&kﬁa:sl{éezd drlvelrh (%%]:ec%ﬁteéggﬁ ésjpée}g]i%]?%:if? %%%e% Sn%%ksﬂ
necessari | waleen dihd, or Exdwmn midpaingutyald el baedavwetred Hey poyer Fmirae

vol tages Verr . and err].. As has peen expl ained wit eference to
280 Ml b drna s mi i el L dh shm A £ TR been t he
pover seur ¢heV Aldftesrofltiidd @deﬁé[&{ 'dhe Vlhut had é o £CERE IdPOPen

with the beta ratio. herefore, as shown in Fig. 11, even if many
driven cdinagditt RRGLaRE & dimahange cubstartialNy yay demedenoled bR s
assist-cirguit AC toq,this _signha i ne LI, ac e drive lrcuits
RC oper at egtl'i"‘r‘l acgz:(rzlor% érl%cga t'h e (t:_' aenglg{plun tl%e%fect&(?u%ﬁiutgr\%ﬁqaalgl of the
driver cir@icm BR th ihpuesutdltddgy at wittkdhmilee cutshitlvonesgs of otke
pulse (wth no tine |ag) can be supplied to each of the driven circuits

RC. 30  dripep cAXraHdwRG stattR ith Smn remsantial brbbei demeted
shown iy Figg y11. This %Qgéﬂ-gﬂl'éﬁnﬁuh%%o%aet g?%ﬁ% wlrquleﬁe v.oP8hal kol bF

achi eved no _mat"‘t“ér_ t o what posi'tion on
assi st-cir ¢hid AGveh A RC are approximately V. + (V,, - Vo) x 0.2, 18

Al the signal lines LIN explained above are forned I nsi de the sane
seni conductamd dki . (Vg or ) *x00 appl yespectivedpyestnt isndeairahleothati gnal
line LIN that is f.or out si de an integrated circuit, as shown in Fig.
13, for ex&%‘_ﬁ cfaiq%%rﬁ?ﬁgﬂca_se of a signal line LIN that is connected
between  pel HRWRED M T4 ty doM GRicdraldiiid vt dideldds t ) and
assist-circuit AC nust be connected to the term nation side of the
signal 15 (2)ne LIN. In‘other words, a distributed constant circuit

e {7 S Mg 5 e Wi TS A 510 il
in the present specification does not necessarily mean the
exact midpoint voltage between the power source voltages Vg
and V,,. As has been explained with reference to Fig. 8, the

20 midpoint voltage means any intermediate voltage between the
power source voltages Vg, and V,,, which changes in accordance
with the beta ratio.

Therefore, as shown in Fig. 11, even if wmany driven
circuits RC are connected to a line LIN, by connecting an

25 assist-circuit AC to this signal line LIN, each of the driven
circuits RC operates in accordance with the change in the
output voltage of the driver circuit DR. As a result, for
example, a simultaneous clock pulse (with no time lag) can be
supplied to each of the driven circuits RC.

30 Fig. 12 shows a variation embodiment of the embodiment
shown in Fig. 11. This embodiment shows that a normal
operation is achieved no matter to what position on a signal

line LIN an assist-circuit AC is connected.

AT -

This Sheet Has Been RTlaced



device:in order to match the characteristic inpedance of the - si gna
line LINwth a prescribed inpedance. A g&tion of a di stributed
constant circuit has i nduct ance and capaci t ance. Consequently, it is

desirable to conn t he assi st - CIFCUIt 15 he, term nation of the
signal line Llhr%i shBGnsignal glines LEN exp alneé FREOVE33LRoh8THFr i nt ed

circuit boajgsf§8 %éoégﬂnégséﬁlcondﬁétéfbeﬁl S;Isrent IRf oﬂiérpf_ssﬁﬁﬁlynﬁﬁét i on.

This printed circuit board PCB has an LSI[err] ,

pattern of EI%$gﬂﬁllQEenth@nLtN appignal stinerbINt that| iscEaneedeguteidai s
si gnal 4in ] S r rcuit t a

t ransm ssi on s?%%é$k %%8 %gk%géé] %ssgpgél¥§an rcght %8£ éggg#ggegglng a

transm ssi othei gage . of\sahasghetnl éxngl BiNethat ibeéonrectb@ baswaéncircuit
AC is connected to the termnation 25 of the signal line LIN. As in the
cases of thERpRSTREEd| gircuigedeyiged kRbodnthdtsl..t khe asgist-eireuit Ac

outputs a ac ﬁhgécﬁéb??gﬁ@%%éaet%hﬁﬁe'§efﬁ{ﬂgfléﬁa?1&Qeofoﬂﬁé S94h5¢

voltage V[err] and sma an the power source voltage V[err]
Mor eover, thinaskiNt - cIncuthep(whaésouap@istnﬁbdeedecchatans G@rbumEr t han

t hat of thghg6|v2é circuit.of _th gi § g
variation enbddl nER se%?mP%ﬁ a ml%ﬁ%l%?rﬁ?r£h?? A&? 3ﬁ3e5§ ¥tu§? Pt Ac
shown i1 Figigd4l i bine LENNfboMEQdotifsad@®! ¥f dahoinBegdritaa ¥okeage directly
to the ates of the P—tzoe FET Qerr] and N-type FET (JQerr],

respect i vel§evice in order topyatahsthencharrateshstifeimpedpacesyt Fher]
d Nt th
an ype EPJ%% g:[%x]txe IHINa{z tﬁogsﬁ%%{:%bfégg r\%l\géﬁgﬂﬁe vo o¥9£§)?98fa5 e

node J is poi nt err] and
Vierr]. di¥st pibetsedt cohltanssciteai t Chag fﬁampeancesand aapadpbante5
vol t age source haV|ng}IOW|

e
assi st - ci r CtPRSFEIEH Yha%tggﬁ gé51r%5%§t?%c?%ﬁngﬁﬁth?n@sﬁlﬁBmFFﬁﬁBHEnce

bUfferfyr(%bttéfyﬁéngermlnétﬂbﬂpefnéhéoéiﬁﬂélsPﬂﬁéeLﬁﬁVhs dR8wn in Fig.
configuration of the | ow | npedance buffer circuit LONis the exact

opposi te ofllhat of 10 an inverter. That is, the drain of the N-type FET
o T3 e BB 4, BEh0Sa RIS, AP A% SR RO bk PR
an embodlment of the present invention. This printed circuit
board PCB has an LSI,, an LSI,, and the pattern of a signal
20 line LIN. An assist-circuit AC is connected to this signal
line LIN. The LSI, has a driver circuit for sending out a
transmission signal. The LSI, has a driven circuit for
receiving a transmission signal. As has been explained
before, the assist-circuit AC isg connected to the termination
25 of the signal line LIN. As in the cases of the previously
described embodiments, this assist-circuit AC outputs a
prescribed voltage that is larger than the power source
voltage Vg and smaller than the power source voltage V.
Moreover, the assist-circuit AC has output impedance that is
30 lower than that of the driver circuit of the LSI,.

Figs. 14 and 15 show variation embodiments of the
assist-circuit AC. The assist-circuit AC shown in Fig. 14 is
configured to apply a forward bias voltage directly to the
gates of the P-type FET Q, and N-type FET Q,, respectively.
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the source of the P-type FET (Jerr] is connected to the source of t he
N-type FET Jerr], the gate of the P-typaoFET (Jerr] is connected 15 to

the gate of the N-type FET Qerr], and the m dpoint voltage V[ err] S
supplied fromthe mcp{)m nt voltage source EJV_to the common_node of the
two gates. BY this c e RUTYRE HT Qor 3% NortYRiRe HEGW

| npedance gre @Hrfs%rarﬁﬂ e ﬁﬁd—%ﬁiw‘ﬁb a0 dﬁ%ev# 4 - éﬂ&e%&g 2E

and 20 N-type FET err ch constitute t npedance
circuit LOWedldbwat mhd:lrrg.dplcﬁynu:am]mageegmujabmsthmlvgyaages Vg f aadnggf

golr L LAPS SR, SIS AU Depal8 o8 o el P T

resi st oy RMdJdl1dEged gda_&@rrfaﬁigqsd@tﬁma@éje Rlerr] that is equal to the
out put inpedance and the m dpoint voltage source EJV, respectively.

Therefore, in aFdcht d5 ShaWe Rn REiEtGixgUdiAC Dlhats has beeButting an
L-1ogic, %ﬂ[ﬁlil r f ?&1” r

t he si gnal ﬁ%:f{léé: e[daC'ICJamﬂrlerg'u J?{}B‘Jgﬁgnvo ﬁe/l(gée%ltﬁfﬁ% é]%%é QlLs&gAhél%gva
from the madpdidpioint tvade dne souxa:e;rBiN arthentconf iderat i@ctodntlod Idvwe
oo e Yo te e Y Dow TH S Stadd ShpSa S o B
20 10 an §hvidieeRt. herwﬂqu,vwm 4] ideererd rx@xui;pmvmrp Q, id nverted

to a state in which the driver circuit DR outputs an HTogic, a current
I[err] flowonneghechdsithealpdditeive Naldadee side afpi vehendraesi of oth®M

toward t he m,d t age _sour.c JV. When this current flows,
t he vol taggm é-’tﬁ)t W 8% 4 gonnecgﬁgf ngé}‘FoﬁF?ﬁ l%edgglﬁta%ol;t‘"?&k’ﬁ ‘err]
slightly t@hley gculite of pﬂfd B3 peo | FEY @, Vier ebnnékeed§ @oe thieh sdtirdesiodt €,
the driven circuit IS inverted tg a state in which the driven

circuit  thecNskvpst ?Fé‘h Q- | B§ecoate of thenB-E¥prsFEACQ:vhP ueORPRFESd of
the eqysvalentp e%'a%teo of¥he @W%‘&ﬁ erahﬁ?'ﬂh%hﬁuﬁgol tta%Qt‘é Ugr

Rlerr] of the equival ent res wever,
rel ati on Rier suppliRderfidon £he mimlpuiaithechl tegen scasmd:et EJ\hetcvdthage change

at the node J ca be ssed to a slight change in the anplitude. 15
Ther ef or e, P PRe B Qéﬁ%s%ﬁ%% F7&P expl ai ned with reference to Figs.

9 and 10, the tipfg.i nletRwdn\RR i ent circuit of the low impedance

buffer circuit LOW shown in Fig. 15. The P-type FET Q, and

20 N-type FET Q,, which constitute the low impedance buffer
circuit LOW shown in Fig. 15, can be regarded as voltage
buffers of gain 1. In the same manner as what is shown in
Fig. 9, the P-type FET Q, and N-type FET Q, can be
represented by an equivalent resistor RM having the same

25 resistance value R, that is equal to the output impedance and
the midpoint voltage source EJV, respectively.

Therefore, in a state in which the driver circuit DR is
outputting an:L—logic, a current I, flows from the equivalent
resistor RM toward the signal line LIN. As a result, the

30 wvoltage at the node J is shifted from the midpoint voltage by
a small amount in the direction of the negative #oltage Vs
(L-logic) . Therefore, in this case, the driven circuit RC

outputs an H-logic.
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nonent .at which the output state of the driver circuit DRis I nverted
and the tine at which the threshold value®f the driven circuit RCis
crossed can be shortened (since the 20 amobunt of change in the voltage is
small). As a resuylt,. the nbqdi nent 0 i,n Fig. 15.capn_al.so increase
the response BEpEEB BFhFﬁeEBPﬁveW EprggF?gﬁéyer glréulglﬁRtﬁg enbodi nent
shown in Fi gnvébtelifgomhdpehbt Y8l WASGh theSaWA¢BrELYrctieOPR! LutbRi sUanng
a resistance division circuit. 25 However, the assist-circuit AC shown in
Fig. 7 or tHelagsfsta currepgciditflxwsnbwemitthegignal chingl BENbeo ukkel f or

this m | t . ceuE L, | e

assist-circ%gﬁigé}¥§£cggg%ggé%egMué¥waE§ %?§p§$§?°3§Fr§8§Qa5% §SUFEE EEV'

and a | aw i Whedavheésbohieenei LgufIows)VtlidevSlt s | &t - the oubde AT dBy be

connected to rnultiple signal l.i.nes by having a, single mdpoint voltage
m b Y

source EJV Sppr§di heom thei mAEPRLINGoVPAGRIT ¥e r§liFRhdy t FRWRTH oWh® npedance

buffer circgbistive YO a§eSYOW ihekleFork!- in this state, the driven
21 When an active d&vice of a sem conductor i ntegrated

circuit havehgcaitMBS dsr dovertedsthehdstate snawhdchr ghet drdven cimeuit
consuned cu&gen& cogve%ﬁeg_go a value that is very close to zero.
. Therefore, eRUERBCE R BRAGeESr integrated 5 circuit device is tested, a

st andar ¢h t est i ngTReOgEgiEEance WALLEIRS G tHE RN VAL St thésistati mmary
state current is measured and it is tested wnether the value of the
“current is becoBepohrrIpFetBRRbERCY APEASERNASt Vadhet Re of Heke ne@aivatente

above- describgdsassi shoph! ¢l F18C bS CHBRAYRY, T Bnbhecideser RONAUCIRY 1g
integrated circult device, the adssist-circul C consunes curreht even
in a stati omaiygtsined. A8saa resaltlt thet vbdtageschapgesibl ¢heonodasdre t he

stationary current of thg | nt egr ciycuit device i Il ch the assist-

te n
circuit AC FalchfetiiRRregged to alﬁ??ﬁ L BBHPRenPs C8RoARPLAtELSs. 18

throughi?1, Thérefor8! d¢h tReS8hiMe WAy SaBr ARkeBeed eip2hineBaRitEUT is added
to the assist-circuit AC. A control signal is then given to this
cut of f neansefemrengeatot Bigar 8f And &Qur he thae fnberval bekwegghthee

assi st- i r bk AC 25 ARPARCERLNCLBEA:"BLarkNgr20na! AL ORA" ¥iWE bRo3] D
measured. In € enbodl ment “shown
inverted and the time at which the threshold value of the
driven circuit RC is crossed can be shortened (since the
20 amount of change in the voltage is small). As a result, the
embodiment shown in Fig. 15 can also increase the response
speed of the driven circuit RC.
In the embodiment shown in Fig. 15, the midpoint voltage
source EJV is constructed using a resistance division circuit.
25 However, the assist-circuit AC shown in Fig. 7 or the assist-
circuit AC shown in Fig. 14 can also be used for this
midpoint voltage source EJV. In the case in which the
asgsist-circuit AC is constructed using a midpoint voltage
source EJV and a low impedance buffer circuit LOW, the
30 assist-circuit AC may be connected to multiple signal lines
by having a single midpoint voltage source EJV supply the
midpoint voltage V, to multiple low impedance buffer circuits

LOW as shown in Fig. 17.

heet Has Been Replaced

"



in Fig.- 18, a cutoff neans CUT is attached to the assist- circuit AC

shown in Fig. 7. The cutoff means CUT ha2la control termnal CT. In
thi § enbodi nent., the assist-circuit AC is kept active by giving an
Hlogic to this_control 25 ter Wien an L-|logic is |vent t he
control ter a@TacttHé’ea%‘é’tcecqumﬁtS%‘?%n VhetPtELRE e hact i ve
nmode in WhiGh-hhg mﬁg@ (MY AT HART0ls RISV ME HYstat iGHRHPIadte,
current at all. In other words, when an Hlogic is given to the

control 30 theeoensamedr CUREFRIY GQOI]V%mI!ES:ED @ eraluarthaturiedvery , chere FET

Qerr] and FET are gurned,on. .,Wen FET Qerr] is turned n and FET
Qerr] is to A ed gﬁr égg:‘e,qé} ql'% Stﬁ‘%cc?rf%}UCt% c? I's turned
of f. 5 AziadidtUldevildel id eddted Bk dddRird teésating f'tﬁﬁb@é‘duré' hrough

t hese FET Qerr] and

FET  err] incades e ditqmeinywdiigh aqmq:@ttaqnémé}%r%:m curregpnhct ed
to each ot Rl Rl gty 1%301{&@%}%&%1{ Ctlﬂél_ Viue of the 1‘?@ is

L-logic is given to the contr termn Qerr] and Qerr]
are tur nedb@tlovaradplilé'l'sc@{meq wldie-Br @adrr ] Qo eheaurotdte’® hdndd, S.flcleheFET

t d A d st d
otf nd FEPUEsrEpratad ARt ¢ St AndEnbedded A T8 g orr] and
FET I qpr] s%irﬁddzh@%idif fi g dd@rduian @A) &iHd agsidd Soireumpd on,
FET Qerr] and FET Qerr] are turned off. Here, FET Jerr], FET qerr]

and FET & comsames e Cusirertp @ias 11’5@1@5‘-&*@91@1& rE]tatFE-T e Gerr], and

FET Qerm] roliheh ake eldald uoponashed Jo ddebderile fEAain). - and

FET Qerr], are turne he *power "source CUTT ent es no

t hr ough t hevaseintt ofi i tln%@gﬁataéd cibfariaf dearidenein whmmtttmaatsfsi:stw ent
can be neasyred, |nastate | ch an L- logic is given to the control
termnal CEirfgit déﬁﬁi)'dl ment shown in Fig. 14, the cutoff neans

CUT  ysis conp%e@h@‘ mltn@ht%e@mnﬁl\i% Bs | S PNy £R! | & an

anal og switch or the lik When the switch dévice ANS is t'urned of f,
FET { err] caderFrED @[oérvrq thma grablemorpavdmis alears CUT Jassa@ectltm:uu t

AC, aretur of f, . Osh a case .in |cha.cutoff means
oor fs° N EBE sl S imenin A . A HTol SRRT e e
case diffethikr oitFE GRS ITUM aa Go Bt fhal ddlﬁrent awfcmows

el ectrodes-of the FET JQerr] are connected to the negative,
through the assist-circuit AC as needed. n this way, the
20 stationary current can be measured. In the embodiment shown
in Fig. 18, a cutoff means CUT is attached to the assist-
circuit AC shown in Fig. 7. The cutoff means CUT has a
control terminal CT. In this embodiment, the assist-circuit
AC is kept active by giving an H-logic to this control
25 terminal CT. When an L-logic is given to the control
terminal CT, the assist-circuit AC is switched to an inactive
~mode in which the assist-circuit AC does not consume any
amount of current at all.
In other .words, when an H-logic is given to the control
30 terminal CT, FET Q, and FET Q, are turned off, and FET Q, and
FET Q, are turned on. When FET Q, is turned on and FET Q, is
turned off, FET Q, is turned on, and FET Q is turned off.
As a result, FET Q, and FET Q. are turned on. Through these
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power source V[err] and the source el ectrodes of the FET Qerr] are 25

connected to the positive power source V[zr]. Wen these FET err]
and FET Jerr] are turned on by supplying an Hlogic to the cont rol
termnal CT, forward bias voltages V[err] and V[err] are applied to the

gates of t hEER- QygadrFETYQey r Fhangatesypt FET @ and FET Qy azgedeildel y. As
a result, Q&nﬁe&\éga EET QLR Bkg%ﬁ.l‘? u'nldnyJe% 3qut§r o b 28 el Wined @0 g cand
operate as the assist-circurt : €n an logic is given to the
control term nal WBén BRETL-logfelis| givenFED Cher chnarelt derednal, Cand FEET

err] and EEL Qlepbh &SNS ot o2 hina ot U Sa3bhEr 472 LURSEFT

23 suraeé of Binfe @E&e@ulis thEnSAVYAE Lhd CHET €R! iGORUHYd Uh, FET S
held to al nost zero. Fig. 21 shows a conflguratlon in which a

cutof f nmean@sike turnedaehbd awrdtFRT Lsiist teinmed ONAC dhowther WaxdsL5 in
which a 5 | Qw i np ff rcthQN t
source EJV grlrelcﬁnggal é(?‘nllén F%@n@%%??oﬁur% ggrana g‘? 3 gkel%)g‘g:ingﬁt

shows a casarentwihell bh¢ FET | -Lhd CPET Q}Ca‘i*éO\Mmrned iof fi 9.Hekd,S REEE®), as
. the m dpoint voltage source EJV. Here, CUT1 refers to a cutoff means
for control FERgQa FRY JEEEES: 3¢ EPERP] GRd aHOWEYSHe EEFCE] BET] Q mifih
“constityte phe to f te
‘refers ?l% ab‘_' é%%?ﬁ%? n‘éar?gl\ig(ﬁ %%%nt%%lgrll i %?éoﬁﬁ%ﬁﬁzté# FfEéISrSHa“ FE%
N-type BRA EEST Q], ammchunma@twfﬁxethaep¢Wﬁr|a@@d@mceubmémErdoescuot
LQNtoac -of stt Wien an H.lo

term nal CT hrou eHl‘F BREIEETCAESHIT BF ghcah’it }‘{[ﬁﬁ‘ggﬁ 2 ?f troI

turned on, bhﬁtlonag?t earebntheal b¥paebbhreietnl aaedauet ihewElEthanr m]—
whi ch constitute the m dpoint voltage source EJV, are connected to

each other iRBddghSt BEYEnFEP qlér Epn&ne FE?rthtéﬁﬂ-] CTAs a result, a 20
circuit,fdentical teh hEmB kxtsgﬂ J?n':b@g 14S Ehe, %ﬁrﬁ%rfﬁg Shs \WRHCh

out put s “a mi dpoi At vo € no r hand, when
an Hlogic is gomposéd blﬁeal sptitch detvalcm ANS €EhatFES @{emen:]alaryd déEEqu err]

of the cutoff nmeaps CUTZ2 are As a_ result ates
N type FET PeRPRlgfqeRites oe-”yﬁsepé#ie[ or e, Ener suaich: fevd ce,

i npedance bufitREd offGi FRu E LENY PR GONRARIRH ar® 2ARPBHIMHOGE ‘Hl& FET
Qerr] and FET Qerr] mdp0| nt voltage I's then Supplied to this
conmmon pegastroarcudtnA@poare wurngdeofburce EJV. Therefore, in

20 Fig. 20 shows a case in which a cutoff means CUT is

attached to the assist-circuit AC shown in Fig. 14. This
case differs from the case shown in Fig. 18 in that the
source electrodes of the FET Q, are connected to the negative
power source Vg, and the source electrodes of the FET Q, are
25 connected to the positive power source V,,. When these FET Q,
and FET Q; are turned on by supplying an H-logic to the
control terminal CT, forward bias voltages Vg, and V,, are
applied to the gates of the P-type FET Q, and N-type FET Qu»
respectively. - As a result, the P-type FET Q, and N-type FET
30 Qy are turned on, and operate as the assist-circuit AC.
When an L-logic is given to the control terminal CT, FET
Q, and FET Q, are turned on, and FET Q, and FET Q, are turned
off. 1In this state, the P-type FET Q, and N-type FET Q, are
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this state, the N-type FET Qerr] and P-type FET Qerr] have the 30 sane
circuit structure as the | ow i npedance bgffer circuit LOW shown in Fig.
15. "When a signal voltage is supplied to the node J2 fromthe driver
circuit DR, the N-type FET err] and P-type FET JQerr] operate in the
samre mannetW@aheffannds a rasipt hddhea ampwip|ef ragrenh eepawEpeiono
Fig. 15. : 24 When an
L-logic is J'gsl \Peer}dt g'ot k?e:l'nlloﬁa’a:utzﬁre?'m nal CT, in the cutoff nmeans CUT1,
FET Qerr] and FEE.Q2ar rdhawse & woreficrataish in WwHck)]®redtofifl hméadng)] £sr]
are turned off. aresult, the Ntype FET Qerr], and P-type FET
Qerr] whi @rFt@&]igeﬁsttﬁ é’—?i%é‘srﬁldi}bﬂﬁr i% G a%}éo%uﬁfbelllav,l%r t¥RhER B f.
In the gut gldy aﬂég,blﬁ%gxqceffduia@%cﬁli%ﬁeardu&;;&iﬂ@r@@pt?\ge of f, and
FET Qerr] and FET Qerr] are turned on. As a result, the type FET
QN2 and P- smperdeE EQY avnd | ingtiadhlebrigt icomkzindteidow Moreoyedanckisuf f er
circuit L re turneqd off. 10 . Therefare, when an l-logic,LS given to
Che cont r ot ESHE Bher 2 Kaes i 0% AR Sir tir A el |
circuit ACish@iry. v Heg.ustld &l tHes midpo it vdlddd® ddurce RPBSI blieré p

measure the _stationary current. | n the above-expl ai ned
enbodi ment UG hefenstaig qutohls neans fan \RAF DAL e R 1 HPaFFRver t er

in withya tpt faee hrQuit I I , s enbodi ment s
Wil | o btéﬂ’ia>62"’{pri‘dfaiz"nnec}\‘E %ﬁ# ar™ és"sdu}l'g?}-‘c??%’\%?%t{‘géfgir‘i@rre‘éﬁgg?%ge
circuits otviedrtageasourden\Bii,ertd \§4 dur-acfdargiiabe a NARR gegers tanal a NOR

gate. 20 ig. 22 ows_anot her. enbodi nent Qq I gnal
O osi GEEIEE, Jiadia, B el L 4D 2ot VR, VR (B LA an. N-E¥RS - i son
With the emadiorpntyshawtotsticd the Wbehi ddedance ASEESrCELebbithas an

inverter IN, the assist-circuit according to the present enbodi ment has
a NAND gat &OWphdp R mj-affcigtakie. shown in Fig. 22 is constructed by

connectk ng fe ' | rCui ] s S t

NanD B Gt o ndL B SEIERE A (ftlen Vo i Lo Bfpanal 1OF, [ 08r
can be useq,gsaadcBETr g ,tefnthal cGiofif sbams CUTiLherdr gwrngd on, the Fig.
23 shows a specific exarBJI e of an assist-circuit in 30 which ﬁ NAND gate is

used. Accolddits§ F thes Fitv®s FET Qee AR i PRFET Heuas¥Pdeheircuit can
be turned Rt i¥fcP¥he midpoint voltage source EJV, are connected to

each other through these FET Q,, and FET Q,,. As a result, a

20 circuit identical to the circuit shown in Fig. 7 is
constructed, which outputs a midpoint voltage to the node Jl.

On the other hand, when aﬁ H-logic is given to the input

terminal CT, FET Q,, and FET Q. , of the cutoff means CUT2 are
turned on. As a result, the gates of N-type FET Q, and P-

25 type FET Q;,, which constitute the low impedance buffer
circuit LOW, are connected to a common node via FET Q,, and
FET Q.,. A midpoint voltage is then supplied to this common
node from the midpoint voltage source EJV. Therefore, in
this state, the N-type FET Q,, and P-type FET Q,, have the

30 same circuit structure as the low impedance buffer circuit
LOW shown in Fig. 15. When a signal voltage is supplied to
the node J2 from the driver circuit DR, the N-type FET Q,
and P-type FET Q,, operate in the same manner as the manner

that has been explained with reference to Fig. 15.
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swi tching an input signal, which is supplied to the control term nal

CT, between Hlogic and L-logic. In this 2&bodi nent, if Hlogic is
given to the control termnal CT, the
25 assist-circuit is held in the operation node, a

nd is
output a m dpoi MiheB| 2Rgk-1egic. LggPLveR FPvERS: SPPHE tem&Bﬁ? g&'té’r"m nal

CT, the ass Et ebfTiN FR® BON-and FEPEHA] e Mdhad bouland s
H 5 #ﬁél—ﬁl%g?c I|nés§?4|gven to the gonta}%l ter?r?nal CT, FET Q[err]

is turned oF\ETatDD1 REId TET rQ,.i steurtethest fof £ Thé\rsefa)rl@su% dihg AN-typof
FET JQerr] | d_cgnpect ed h .the_dr.ajn ery result,
t he assist-thC 1taP§ Eé?gpln eSoger |q§1qn)e ang[e ﬂ%ﬂﬁ%? S m dpoi nt
vol t age.s AsybBca§€eBot¥Bkardv( Eﬁéotﬁrnéﬁ 6ﬁfsett|ng the beta ratios of

N-type FET Jerr] and P-t ge FET nstltutethe drlve%
circuit, equal té&ntkhepgubofht F‘@ans G ?heFEE'strtz %Ii‘ KT, Q-0 AXHEEHE
vol t age of d e cir t ve i GbdulsS, th

i nverted, c{'?lgfbe‘[’lhéi ﬁE ﬁﬁua%ﬂ 3 (ﬁln%alnt Vo t%ﬂe ométcé:e povx%r sourece
vol tage 15 Nieypé FE'Y[ Q&J bndA® - aypesm‘lE:tI' oL.he widicke magigtditiuteRthes I e to
receive a signal, which_is centered t he_threshol.d Itage of the
driven C|rcﬁWPeﬁE?c?rQHgﬁﬁftEarFPbﬁ1ﬁh@ d?F@eF EPFQUP¥% DR. On

the othgy hand, ifelekggbt Wﬁeﬁ'&ﬁnLLQobﬂé §8NHioen280 tBeNcoatroBET Qis
turned off, and FET A is turned on. Theretore, the voltage at .the

conmon nodeteéringnhdl §Tat abl the Curr@@!:ﬁnghétcﬁﬁPUthFf@b}EhthFstaéﬁléﬁary
current test

d deyl
Vol tage  CUFoPRE raABRPRCRRnYEbG, 20 oPRILALED, BHE sk REARs 4% el 2s

equal to thgo¥glibagetat meheueemghe Bedeidnary currenkn this may, by
controlling the input supplied to the cqontrol terg\Fnal

" operation of thelBskhet 2bPVegeKplainegprhoddmenhsy  fBLedefdtlg c&rﬁRﬁIS
gate, cgn be tHBHQQrﬁQtQH by cBhhecting an iBv@rtéd $ROWS thukt Rtadnot her

enbodi ment of a si - ransm ssi on circuit according to the present
i nventi on. Eeedbackon:parcus@nN\Eh t h Inhwhetb ildows , s boher smbogimentghiwid lhas

mbodi ment - KBS CXPRBANGE: 35 YRECHs 8. AOBLAEIIT “Sitn iFn SELgeY Using
circuits other than an inverter IV, for example, a NAND gate
and a NOR gate.

20 Fig. 22 shows another embodiment of a signal
transmission éircuit according to the present embodiment. In
comparison wiﬁh the embodiment shown in Fig. 6 in which the
assist-circuit has an inverter IN, the assist-circuit
according to the present embodiment has a NAND gate. The

25 assist-circuit shown in Fig. 22 is constructed by connecting
a total feedback circuit NF with a NAND gate. Since the NAND
gate has multiple input terminals, one of the input terminals
can be used as a control terminal CT as shown in the drawing.

Fig. 23 shows a specific example of an assgist-circuit in

30 which a NAND gate is used. According to this circuit
configuration; the assist-circuit can be turned on or off by
switching an input signal, which is supplied to the control
terminal CT, between H-logic and L-logic. In this embodiment,

if H-logic is_given to the control terminal CT, the

nn\l\\\m\f\ifi‘\ﬂii\““




26 . 24 is constructed by connecting a total feedback circuit NF
with a NOR gate. Since the NOR gate has pBltiple input termnals, one
of the input term nals can be used as a control terminal CT as shown in

the drawing. 5 %‘ 25 shows, a specific exanple_of apn assisi-circuit
i n whi @I‘FS&SNOI%%% daydstd Actdhig RPIRtIE nedeard is able to

confi gurat isgRpuithe afpdidt Wit & ON g Bfdn Wo the SW tchi ng
an input si gnalu ﬁhﬁl suaﬁilil eéféao tb%e contTo gternm n%l CeT bet ween
H-| ogi c and:dntlng cermindli CHhnidd reggistiidcuit dgg deld giverhe cmome

control term naI assist-circuit is held in the operation node
and is abl €82 1°n0|5‘1°6% d’}(ﬁ“}‘ﬁ Itage. If Hlogic is given to the

control sterm nalp£C- 16&_;61@51% Yividd &6 ttHes dsthdD ddenitdt CcT, PWEr@tion
mode and outputs L. 15 ~1f L-logic is given to the control term nal
CT, FET ( é#r furned on,yayeH BT Qahg FBRInefepLf i s Thereéeren. thendxaime

drai n of et L] C t S errl_the

drai n of of E?]i %eié]h{agdhgﬁgﬁggggg%gghwhﬁﬁ ?h%&gr g’%ng‘oﬁ gE (}er#] As
a resulresullte adm stssdistcgitrawsi thelsd heid hien dyles adpexratioole ramdle 24nd

out puts a md nt vol t as been expl ai ned before,, b settin
Che' bet o r FUCEULG ATFOIAET YGLEATE -and S daar QRRI4ined befgey bY
consti iyt e ghe 5 G'zEjh\t% @ﬂertféb"xtatl%'%lf 2 e @Qﬁ'la duahha p-typk FR€ o, ,
assist-circuit, e threshold voltage of “tthe driven cifcuit RC, ~at

whi ch the shiigin csinatiituties the eitisten cirdw 5 aemtaledimlthe hetwa mratpid nt
vol t age of th power ur e val.ta r esu t he
driven cir&di %hﬁcaﬁfl %I CHEFULE: %g]c e 5%91&161 l%ﬂﬁééﬁofst cen‘%%re%flat t he
t hreshol d v_ﬁh:tcagct RC, Gft e ol itk ikt tcﬂezu:ltr ans nireatkt dd oredebelr i ver

circuit On the ot her hand, |f Hlogic is given to the
contr ol SeFeteﬁ“ﬁ&I torhegmgdpoing Maktageet fhe ROWeY fYrTe ThREP

of f. S'vnca R;ET AL fésﬁwne&ﬁm&ﬁf@?veﬁeaftakctbe §81gogenode J

i s hel a P> In*esting a curreht [ea stat1 onar current test) of

a sem condorererivientegrigingd ,ciwhdwlt idedendtered at the threshold voltage
of the driven circuit RC, transmitted from the driver circuit
DR.

On the other hand, if L-logic is given to the control

20 terminal, FET Q, is turned off, and FET Q, is turned on.
Theréfore, the voltage at the common node J is held at H. 1In
testing a current leak of (stationary current test) of a
seﬁiconductor:integrated circuit device, the output voltage
of the transmission side (driver circuit DR) needs to be set

25 equal to the voltage at the common node J.

In this way, by controlling the input supplied to the
control terminal CT, the operation of the assist—qircuit,
which is constructed using a NAND gate, can be turned on or
off. :

30 Fig. 24 shows further another embodiment of a signal
transmission circuit according to the present invention. In
comparison with the embodiment shown in Fig. 6, which has an
inverter IN, the assist-circuit according to the present

embodiment hasg a NOR gate. The assist-circuit shown in Fig.
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27 - the output voltage of the transm ssion side (driver circuit DR)
needs to be set equal to 'the voltage at t26 comon node J. In this
way, by controlling the input supplied to the control termnal CT, the
operation of the assist-circujit, 5 which is constructed using a NOR _gate,
can be turndl bR epnstrygged by conne?Flgﬂo%IHoﬁélng?ﬁgbﬁﬁ tcgﬁﬁulﬁiﬂ oi nt
vol tage SOUELEh a NORNGUBei N Eifce 1EhEORSR "Qht HCAESSAIILYDRU! PHbuthE exact
m dpoi nt voltage betwegn the power source voltages Vierr] and V[err], 10
but a vol t agermimalsorors pofidshe oinpet t berwinhlisvoénage weed asthe driven

circuit RC. As has b§§n exg%ained apove, according to the present
I nventi on, %@n%%%%eE?¥ﬂbn%% sPRt 2PV R Ut t%r%W§?%hal line LIN, the
signal Isine LIN Fsgexgst sHowbth spssnfic loxamplét ufeafcabsigd-airblet in

m dpoi nt voltage of the power source voltage. In addition, by having a
| ow resi st Metch a NQRjgabe ifsupedd pAPePreingi tp Bhé@patredhte that slows

down t . speegh _t nsi i t] ' aned.
rosul 1, the A et el The JRel BELBLLAE, ST o8 SHPASE S ofarBtsY
slightly afswitt¢hingi gnainp@ttsigoal yewhichcists@pplied toi bher cedtrdhus,
the driven circpit IS, aple to _detect with a slight _delay the.tinjng
at whi ch tHESTE ContbefuRen e LoSEy Fidrtetoaler B CAF. trbetineRE
ot her wy ds;f thel6§80008€givent tHELRE &b b1 VEBraLAgYI E¢TRCcRAN be
accelerated. As a 25 result, even if the driver circuit DR outputs a pulse
havi ng EPEovipanise wwdoaldiinjtheoerepreion wedarandyigetbie tAis
pul se and r o | S - eo tq3) driyen circuit
RC. Nbreové?@eéggdgd%gga?gﬂ h?%fgﬁéghtigﬁeﬁ 18ég§eﬁéi§g§ﬁ% E%wé?gsource
vol t age chatgeisrol hieepmilpal NCT 30t el Aagesdfetr¢uivhigshhébé dasthé-noneuit

AC out puts, changes in accordance with the change. Therefore, even if
the power ©OPeLH}eR WARE BRI cPUHRRESak- this stage, the midpoint voltage

Verr]l,;s  fol | pwspiisgibr eshgideyatyecRt &858 L61 VEBrRiALY &TRGrETNG,
this way, a normal operation can be naintai ned constantly.
is turned off, and FET Q, is turned on. Since the drain of

‘"FET Q, is connected with the source of FET Q, the drain of
FET Q; is held. connected with the drain of FET Q,. As a
result, the assist-circuit is held in the operation mode and

20 outputs a midpoint voltage. As has been explained before, by
setting the beta ratios of N-type FET Q, and P-type FET Q,
which constitute the driven circuit, equal to the beta ratio
of the assist-circuit, the threshold voltage of the driven
circuit RC, at which the driven circuit is inverted, can be

25 set equal to the midpoint voltage of the power source voltage
Vo — Vg As a result, the driven circuit RC is able to
receive a signal, which is centered at the threshold voltage
of the driven circuit RC, transmitted from the driver circuit
DR.

30 On the other hand, if H-logic is given to the control
terminal, FET:Q1 is turned on, and FET Q, is turned off.
Since FET Q, is turned on, the voltage at the common node J
is held at L. 1In testing a current leak of (stationary

current test) .of a semiconductor integrated circuit device,
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28 . Therefore, in a |l arge-scal e sem conductor integrated

circuit having a | arge sem conductor chi g7 for exanple, even I f the
total length of a clock supply signal |ine becones | ong, a clock can be
assuredly transmtted to the term nation 5 side of this clock supply signal
line. the outpei YPbRagei efiotle berapsnégsient 8ddeo (drivesk cdyppiy

line, |ike ke n_J L gn | he L[ onfi t i-on
' ai ch ) et ciobETabt Sadf0e, thaivBTEadelE! Blle ooty HUEE! ¢
data reception cincthisiwagpnoectedttollingathepinpat dapplied be saet to
all the data reception , circuits. Therefore, applyingttth I nvention,

by
a large-  CREGF i?ﬁfﬁﬂ%@% CFrctipe CRATREIPRaPTZERS assist-cigcuit,
assi st - g r%iclf\cié‘aéféﬂgtﬁlééé@uéfﬁﬁ'bécﬁoﬁ'%fit'ét 89 pe BubRkA bAlbg that
is equal to that of a driven circuit is 15 able to generate automatically a
vol t age t havffrat ches t he | ogic threshold voltage of the driven circuit.
In particular, in t ase in ich both a driven circuit RC and fhe
assi st - cireutt %&9Qf%c?%rﬂ%ae%ﬂtﬁﬂg g%ﬁe @éngénFs¥ﬂ$§8ﬁau§98chhip),
the out put stedwmgen ofidhelRs@bes - Bot ChibéedbathBpoeatpit 20hacerkdance with
the logic threshold voltage of the driven circuit RC. Therefore, even
i f the | ogi®idRRERROYRL RIE dpetween gkhe Heower vapuUEFE cUPLtREEEh Y ngadd Vue
to, fory.ex | [Le, Si SHkt t ed
win a0 R ol eao (RO Lok ERRNAL LS oSt HPBLERE DB1LRPY (0
transm tt edchensdxtieveémeciteoute REt hout bei ng i nfluenced by a
manuf act uri ng devi tiog{.Pi .In_addition, acc rding to this invention,
a_cut of f t erf RAT dreeureFRlaiRed rRRCYR: cRPERFdingubR KBeaRTESSPE: -
circurt A(3fﬁﬁbﬁti&ﬁ@“&fﬂcdﬁhé@9§n$Q&ﬁC&ssﬁ@é-éif@ﬁitgﬂtatboa 39ghas been
proposed that is capabl'e of controlling a current, . Which flows through
“circuits sudineshie Hheisigral cline AGN isagxichtedowhthyval s@gélsource, to
~a cutoff st [ e \Y; 1§t .
Bsei'st 5y o SHude SeftiERd, av cREMPapdIRERBLPaoR"BE Lhel BBuer, (oo
or even if dderce voltage. 1In addition, by having a low 28sistance

resistor inserted parallel with a capacitance that slows down
the response speed, the transition time is shortened. As a
result, the driven circuit RC is inverted when the voltage

20 changes slightly after the signal of the driver circuit DR is
inverted. Thus, the driven circuit RC is able to detect with
a slight delay the timing at which the signal sent from the
driver circuit DR is inverted. 1In other words, the response
time of the driven circuit RC can be accelerated. As a

25 result, even if the driver circuit DR outputs a pulse having
a narrow pulse width, it is possible to assuredly detect this
pulse and reproduce this pulse on the output side of the
driven circuit RC. Moreover, according to this invention,
even if the power source voltage changes, the midpoint

30 voltage V., which the assist-circuit AC outputs, changes in
accordance with the change. Therefore, even if the power
source voltage changes at this stage, the midpoint voltage V,
follows the threshold value of the driven circuit RC. 1In

this way, a normal operation can be maintained constantly.
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assist-circuit AC and m dpoint voltage source consune an idling current,
the idling current can be renoved by @ntrolling the assist-circuit AC
~and mi dpoi nt vol tage source to a cutoff state. 5 Therefore in the

case in which an%?nteﬁéated crrcy deyi ce havrng a_ bui

assist-circuit A Hpoi 1E F6PEafe2sBuPERLAGE BEEﬂrnﬁﬁEFSEFEFQd or
in the Caseciﬁc&@tQHav1n§h§ P8PHEOBENELEOhahRESET 8h e, CELEUbkafBYECCelEn
tested, the stationary current can be easily measured, which is an 10

addi t i onal b veire agetal lengthADfh@ughochesqappl;rnslgnaénlmﬁ hecomeen

not v T2 o SRR RAE PRohBeutdCERIn B ke E R Bl LRKREhLEg)

vari ous smodéide abf orliiandlookr eupppt signal heigabodi ments 15 of the present
invention. It is_clear fromthe clains that such nodi fied_or_inproved
embodi ments can bR afditieervitByut bekagseeperietefetsr 8sEhPCknFURPLYN.

30 WHAT 115 %Alfﬁpelg bud- 1iné, SE98A! 1 fré‘”éifgﬁéio iRk Rkl a h@FkEH a
driver circult for sending out a’transmission 3ignal, a signal Iine for
propagatlrmemiagmnaSnms31nnwhlghamangndnpudrcapacitoraiaremhonheCSedrtoen

by two powe sourc ta es [er % and (V] > V[

taking in HH% t?%%% éeﬁl F%pﬁ@%%%é %ﬂrﬁ%ﬁﬁuiﬁelglﬁﬂﬁkéFFﬁg E?he
si gnal ﬂraneﬂeﬁspp@cerr@ata 68APPESEEAE to all tBE aathSkebbptlibh Which
outputs to the signal line a predeternined voltage which is |larger than

the power soi¥@eitsgol tBaergfere} hYidapelyiag| ehighinveRbipBwed 48U8ee
vol tage V[ e%} %1e mtfe%eatégﬂsrifbﬁléaéfgnaﬁé'éé%fiéé&'t has an out put

i npedance t an an ou ance of said driver circuit.
An assist-circuit AC hav1ng a total feedback circuit and

a beta ratio that is equél to that of a driven circuit is

15 able to generate automatically a voltage that matches the
logic threshold voltage of the driven circuit. In particular,
in the case in which both a driven circuit RC and the assist-
circuit AC are formed on the same device (semiconductor chip),
the output voltage of the assist-circuit AC changes in

20 accordance with the logic threshold voltage of the driven
circuit RC. Therefore, even if the logic threshold voltage
of the driven circuit RC changes, due to, for example, a
change in temperature, a signal can be tfansmitted with a
high degree of accuracy. Moreover, in this case, a signal is

25 transmitted inside the device without being influenced by a
manufacturing deviation.

In addition, according to this invention, a cutoff
termination CUT is attached to circuits such as an assist-
circuit AC and a midpoint voltage source, and a configuration

30 has been proposed that is capable of controlling a current,
which flows through circuits such as the assist-circuit AC
and midpoint voltage source, to a cutoff state by this cutoff
means. Therefore, even if the assist-circuit AC and midpoint

voltage source are in stationary states or even if the

ea}hsB&mRTdmwd

HIIlIlHIIIIIlIIIlII I —



2. A.signal transmission circuit as claimed in claim1, wherein said
driven circuit has a digital circuit whielb outputs one of two values of a
bi nary out put voltage in response to a voltage input to said driven

circuit, and said assist-circuit outputs a voltage that approxi mtely
mat ches a ARSESOIE R tadC AP PRI SHECRi GPRAMRI #Ruit is

inverted frg{; & {d t V. uSAdse DRy, %M Johiage to

anot her of lga?llgﬁfm rva ue's e(l)l%s%lﬁalﬁg‘? naL}y out put vo?tage. © 3& A si gnal
transnm ssi montincduldiingashed aAswibt oittaiit AC et anidpaint asslsagei souirte
outputs a vyol tage .t i.S approximtely a m dpoint voltage of said power
sour ce voI*&bé%gﬁfQ#E% ahaFSferr]. 4. A signal transnission circuit as

clai nedsin cl ai MhbrefARer 6irh t3ad 8K PLH wﬁm@amei_&é%éfé@e@saféuﬁrcui t
is 1/4 through 1/2 of said output inpedance of said driver circuit.
31 5. dewiaghdavimeh Sl b i ratg istsc e e AC rox | midpainther ei n

sai d assist-gircujt 1{ | I i i t r g . and
an output o SRR Had Seod W actlnel N0 AWk R b€l ThPhLORC,
the first itheerdenti donhdimuestiattegtdtesdichi rauitpudevitan iwl tedtsd) deher st
inverter, an input of said assist- circujt bei nsgucoc?nect,ed tp an input of
the drivenStdtdgnary current can be easily measured, which is an

10 additional advantage.

Although the present invention has been described using
its embodiments, the scope of the present invention is not
limited to these embodiments. Those skilled in the art can
add various modifications and improvements to the embodiments

15 of the present invention. It is clear from the claims that
such modified or improved embodiments can be also covered by

‘the scope of the present invention.

————
———————
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6. A.signal transmission circuit as claimed in claimb5, wherei N Sﬁ‘i .
driven circuit has a second inverter sucldothat a beta co b B 8:
second inverter is approximtely equal to a beta coeffici# 1“ st
i
7.

inverter, the beta coefficient being a drain current coef
serves as FRrhdex ¢edtMERn{Phg flow of a drain current of an FET.

signal {rangim sed O ShafUbtalinbbal SRci Poll 81 HhdindNET GLvER dircui
assist-circult has a P-type FET and an N-type FET stch that a forward bias
vol t age i s Bpplsending gavesa ot ranswifsigpes FETahnda Nsigpel FETnhe for
respecti vel%t 8..._ A s%g&a}ﬁ transm ssion, Ci riui t as_clained in_clajml,
wher ei n sai HFRIFITIY (2 R3NP TR S PP te T ch Bt potsCiarytc.
prescribed wipléifges tdeivén barend HOREr SEbErde\Wws1 6agés evyohhdge, V(&L 1> and
smal | er than said power source voltage V[err]. 9. A signal transm ssion
circuit as Vshi nEari hakingnis, sahdr Bransuiealanseignalr Ehrt f8rther has a

| ow i npeda ci i i eh S 0 j ‘dance . sai d
prescri bedr}\%?%%ie@%%a%ﬂgglﬁ%v%\ﬂggseigour cle a’su%u ﬁ%g}?ﬁglgﬁ a-%gélégnal
transm ssi ocmixr¢cutrti forsoutpnteing na cpreasctibédrivdbitagepnphichnisalaungenf

nmeans whi ch cuts ofé a current that flows betmgen Sfid si gnal ILge and
sai d assi sttdn ff1d power source voltage Vg and smaller than g3i

power source voltage V,,, to said signal line.

A

2. A signal transmission circuit as claimed in claim 1,
wherein said driven circuit has a digital circuit which
outputs one of two values of a binary output voltage in
response to a voltage input to said driven circuit, and said
assist-circuit outputs a voltage that approximately matches a
threshold voltage at which an output of said digital circuit
is inverted from one of said two values of said binary output
voltage to another of said two values of said binary output

voltage.

3. A signal transmission circuit as claimed in claim 2,
wherein said assist-circuit outputs a voltage that is
approximately a midpoint voltage of said power source

voltages Vg and V.

4. A signal transmission circuit as claimed in claim 1,
wherein said assist-circuit has an output impedance that is

lower than an output impedance of said driver circuit.

5. A signal transmission circuit as claimed in claim 4,
wherein said output impedance of said assist-circuit is 1/4

through 1/2 of said output impedance of said driver circuit.
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assist-circuit has an NAND gate and a fe®8dback circuit |nput
term nal of said NAND gate is connected with an output term n sai d
NAND gat e. Si transm ssion circuit as clained,in Ialmll
wherei n saift NAI‘QDEHﬁ"% TR 8B It I &y rﬁ%a‘Ff ith & a%'Bn%r ol
signal , whiyHeLdits il adaidenti Adaie Ty beiveen spdfresi pRalubing and
said assist-circuit, is input. 13. A signal transm ssion circuit as
clai med i n iipitmtermimsaleiand fnl cutpust -kereinal handre Noredback apiraquit

f eedback ci,.c i V\/m h an. i m nal _of . s Ll\lC]? S: gonnect ed
with an oujtnp%f J’t("I SNIE %ta{]'ge#w%]atéeﬁ Sa]lql Plﬂ'g ?g)ttraiﬁsmgsm on
circuit as migetked mjsﬂrﬁlgaﬂcﬁ,ou/ﬂmtﬂﬂéﬁﬁﬁhl\l@f g@éfd | fli:i:slﬂeﬁm’l)eft)@fr ol
termnal to which a control signal, which cuts off a current that flows
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11. A.signal transmission circuit as clained in cl a| "m "éﬁ

between said signal line and said assist-circuit, is input. 15. A signal
transm ssi on ci ECWily, 28 &l aidmed 44y ,y\kgged. &i A5SkPhimigcuit is
-connected to a ter:% nat ﬁ.'lon of sal d&{m gna'%m[l ne. Ilaﬁﬁé A CMOS slem conduct or

dev:jg:e haviwhgzisi gwld tdinsn SI:IIIIUIUIIII&SJI& sdfm?dlamweemenes;uchrﬁhlat &or
Cranom ss| SFEA FHALO A St pnend St e B 1P EPEORREelY (Seiefike

source vol agetaVheitilo ¥T 4iR] ridad Siidertaf err]) , for taking in the

transm ssion signal that has been transmitted through said signal |ine,
wherein said signal transmssion circuit has an assist-circuit
8. A signal transmission circuit as claimed in claim 1,

wherein said assist-circuit has a P-type FET and an N-type
FET such that a forward bias voltage is applied to gates of
said P-type FET and N-type FET, respectively.

9. A signal transmission circuit as claimed in claim 1,
wherein said assist-circuit has a voltage source which
outputs said prescribed voltage that is larger than said
power source voltage Vg, and smaller than said power source

voltage V.

10. A signal transmission circuit as claimed in claim 9,
wherein said assist-circuit further has a low impedance
buffer circuit which lowers an output impedance of said

prescribed voltage that said voltage source has output.

11. A signal.transmission circuit as claimed in claim 1,
further comprising a cut-off means which cuts off a current

that flows between said signal line and said assist-circuit.

12. A signal transmission circuit as claimed in claim 1,

wherein said assist-circuit has an NAND gate and a feedback
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whi ch eutputs to the signal |ine a predeterm ned volt i
33 | arger than the power source voltag2 V[err] and I n the
power source voltage V[err], wherein said assist clrcuit has an

out put inpedance that is, |ower than an output inpedance of said,drivef
circuit. a¥rownievs whirRoRBuénBrtdeoreénat efapadd NANE| grRP18S wherein

sai d assi stsgy ' t fLgl h LS4 i ly equal to
a beta coef??%é%ﬁ%é%Pﬁigﬁdggr?egﬁﬁéi?%t??ﬁai ?g.éi}éﬁgéﬂ?tagggfd havi ng a
first sem conductor device that has a driver circuit for sending out a
transm ssiopn, sigpal, a second seniconductot, device, .whi.ch is dniv;g by two
power sour c® vol ¢ aged® eF?Tnﬁﬂﬁsﬁfg?rflfQ?éFrTS>C$?éW??)}nhﬁeﬁﬁﬁ driven

circuit foryhakéns &8idheatbagsfessherudesnal coftido? tbonahalli 88 WRLERN 8
for propagating the transm ssion signal fromsaid driver circuit to said

driven circeprtrebnpigaahg whiahsrytscpEEunt cwnrent otibphit 510wst hetwegnal

Lo BTt VoL LA0% 8, Bl t%ah 1 gETcibalse ! PGl T0uT ce Vol tage
14. A signal transmission circuit as claimed in claim 1,
wherein said assist-circuit has an NOR gate and a feedback
circuit in which an input terminal of said NOR gate is

connected with an output terminal of said NOR gate.

15. A signal transmission circuit as claimed in claim 14,
wherein said NOR gate includes a control terminal to which a
control signal, which cuts off a current that flows between

said signal line and said assist-circuit, is input.

16. A signal transmission circuit as claimed in claim 1,
wherein said assist-circuit is connected to a termination of

said signal line.

17. A CMOS semiconductor device having a signal transmission
circuit that has a driver circuit for sending out a
transmission signal, a signal line for propagating said
transmission signal, and a driven circuit, which is driven by
two power source voltages Vg and V,, (Vy, > Vg), for taking in
said transmisgion signal that has been transmitted through
said signal line, wherein said signal transmission circuit
has an assist-circuit which outputs a prescribed voltage,
which is larger than said power source voltage Vg and
smaller than said power source voltage V,,, to said signal

line.
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vol tage V[err], wherein said assist circuit has an output inpedance
that is |ower than an output inpedance di3said driver circuit. 19. A
circuit board as clainmed in claim18, wherein said assist- <circuit has an
out put i npedanc h i s |Lower, than an qutput [npedange o aid_driver
Cirguit.nplg‘ E &MSE semiconductor gevgcepas ciggme gn c éim 17,
wherein said assist-circuit has an output impedance that is

lower than an output impedance of said driver circuit.

19. A CMOS semiconductor device as claimed in claim 17,
wherein said assist-circuit has a beta ratio that is

approximately equal to a beta ratio of said driven circuit.

20. A circuit board having a first semiconductor

device that has a driver circuit for sending out a
transmission signal, a second semiconductor device, which is
driven by two power source voltéges Vg and Vi, (Vg > Vg,
having a driven circuit for taking in said transmission
signal, and a signal line pattern for propagating said
transmission signal from said driver circuit to said driven
circuit, comprising an assist-circuit which outputs a
prescfibed voltage, which is larger than said power source
vqltage Vg and larger than said power source voltage Vp,, to

said signal line.

21. A circuit board as claimed in claim 20, wherein said
assist-circuit has an output impedance that is lower than an

output impedance of said driver circuit.
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