CMOS | NTEGRATED CI RCUI T TECHNI CAL FI ELD The present invention relates to an
Integrated circuit 5 (10 having a mi.tiplicity of CMOSs (Conpl enentary
‘Metal - Oxi de Semiconductors) forned therein, dhd nore particularly, to an
cinmprovenent in a signal transm ssion path or line in a ULSI (Utra-Large
'Scal e | ntegr WV@ARMFLuUit) of CMOS. 10 BACKGROUND ART As i FCREPPSANTTN,
"sem conductor elenments, logical circuits and the like forned as an LSl
(Large Scale Integrated Circuit) are eJ, ectrically connected in a
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predeterm ned manner by wring. Likew se, in a ULSI having a 15
multiplicity of CMOSs forned therein, CMO3Ss, logical circuits of CMOSS,
and the like are electrically connected in a predeterm ned manner by
wiring. Such wiring may be often formed by conductive paths or conductors
of a predeterPA¥Hattern formed, for exanple, on the surf &G

I ntegrated 20 circuit. Fig. 6 shows an internal circuit of a conventional
ULSI of CMOSs. In this exanple, there igs shown a case in which a gate 11 of
one CMOS at a transmtting side (hereinafter, referred to as transmtting
gate) and a gate 18 of one CMOS
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25 at a receiving side (hereinafter, referred to as receiving gate) are
electrically connected through a signal transm ssion path which is
conductive path or conductor 15 in -2- this exanple. Both of the
transmtting gate 11 and the receiving gate 18 are constituted, in this
exanple;'by'C%ﬂ%mVﬁV%%ters (each inverter is constituted by ZCEF0077s
respectively.” T
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5 The transmtting gate 11 conprises a p-channel MOS. FET (MOS Field
Ef fect Transistor) 12 and a n-channel MOS. FET 13 in which both gates

t hereof are connected with each other and connected to an input term nal
14, both drains thereof are connected with each other and connected to one
end (input 10WOBREP%0f the conductive path 15, source of t hBCHESRANTE|
MOS. FET 12 is coninécted to a power supply termnal 16 of +VDD (a positive
voltage), and source of the n-channel MOS. FET 13. is connected to a power
supply termnal 17 of -VSS (a negative voltage). Source of the n-channel
MOS FET 13 may be 15 connected to a common electric potential point or
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potential point. On the other hand, the receiving gate 18 conprises a p-
channel MOS. FET 21 and a n-channel MOS. FET 22 in which both gates thereof
are connected with each other and connected to 20 an input termnal 23,
both drains thereof are connected with each other and connected to an

out put termnm N¥P9BBR shown), source of the p-channel MOS. FERHPPR00775
connected to th e power supply termnal 16 of +VDD, and source of the
n-channel MOS. FET 22 is connected to t power supply terminal 17 of 25
-VSS. The other end (output end) of the conductive path 15 is connected to
the input term nal 23.
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In such circuit configuration, since there inevitably. -3- exist a
dirstri buted capacity CL (shown by broken line) of the conductive path 15
and an input capacity CG (al so shown by broken line) of the receiving gate
18, when a si n@l{3 i@ transmtted fromthe transmtting gate 11 to the
receiviihg 5 “ﬂb 87328 t hrough the conductive path 15, the dPSTATIPES
capacity CL of the conductive path 15 and the input capacity
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CG of the receiving gate 18 will be charged by this signal. Assum ng that
an- equi val ent output resistance of the transmtting gate 11 is Rerr], the
transition time in waveform 10 of a voltage inputted to the receiving
gate 18 is equal to Rerr] x (CL + CG. Inreality, the transition tine is
al so affected"®P¥7 stri buted resi stance of the conducti ve BSE(IRIS09775ht
usual |y the equivaft ent output resistance Rl err] is domnative over this 15
di stributed resistance and hence the iffluence of the distributed
resi,stance is omtted herein. In additlon, the equival ent output resistance
Rlerr] has a nature of non-linearity
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so that the resistance value can be varied with change of the voltage.

However ,

for clarity of the explanation, such 20 characteristic is

i gnored herein. Recently, I1Cs are growing in density of integration and
degree of scale thereof higher and larger, and the size of an 1C chi
al so inereasWRYSAHPL and nore. For exanple, as shown in FilFTIE?¥AY
not rare a ULSI tm which the Iength 25 of one side of its chip 24 i
l onger than 15 mm In such large I C ghip, wiring or conductive paths
connecting circuits, elements, and the like formed in the IC chip with
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one anot her becone long in their lengths, and there appears a conductive
path which is longer than 20 mm In an estinmation of sone ULSI, the nunber
of conductive paths |arger than 20 nmm has becone nore than 5% of the tota
nunber of conductive 5 paths. Fig. 7 shows an exanple of the interna
circuits of WXBAFBAti onal ULSI of CMOSs. It di agrammati cal PFYPAERA%F ates a
multiplicity of gates, and wiring connecting therebetween, nanely,
conductive paths 25, 26 and 27. As sthm, in

wiFIEEH S,

H3AIBRBRLNESY— 3 108 20FBALRT . SO%E 2 DEEHIL,
B2 ABDA > 8—% 3 50RDVIC. nFvRVMOSFET44LpF 4
WMOSFET45DHEV—AEATIRTFI 6ICERL, MFET44RT45
DX -+ 2BFA6ICEREL. MFVAV2FNFRFET37TRU3B8DTFL -
AL, BF4 61+ VDDERBEF16 - VSSEERT 1 7OWMR
BV cZEMT AL ICBRL-bDTH S,

TEBRIIBWT, ADRFI6DBAAVeEVieth (Vi hiZWFET 4.
4, AS5DODLEWEER) OHEIICHAHEICIE, FET44, 45XV —-RE
HAFENT, o T ABDLVE—FVARBA VE—FVARRBE 25, AT
A -7 VRETIRERN2EAEREITK N Z V.

ADTWF 36 DANEBEN VeV thofEH L VEITISNNE L, FET -
4 AN 4 5HERL, SIS L THIRT 4 2 DHADEESN+ VDD~
VSSitET, Vt hiZdBFEEED 1FBEICNONE Z EFFVDT, AD .
BF 3 6 DEFRENFERERED 2 0 %N THA, COBELRLBYE, T5%%
BALDBIE TR B, RENICHNTE L. ANBEORIELZ 2V t hEED/HE
RLDLFTBIEHTELND, BBREECL, ¥~ FANFECGIZTIER
BANTIEBELEXT B LNTES, Hib, HRIVBBRERRAEEL(AS
{FBILWPTED, 2B, EEICIEVthidpF¥ANVFETEnF ¥ ANVF
ETECEHREBH, BREBRHIZTH-ODIZFLVWIDL LT,

TEEAERKEYOEL. Lid, ADRTF3I 60EENHREBEL S HIZAEL
LEWE&Icid. B3BICRT XDICFET44 R4 50— P EEWIZHHE
L. 2REFNDOF—PMZ, Ve+Vth (n) (Vth (n) EnF*FNVFE
T44DLEVWEEE) RUVe—Vth (p) (Vth (p) @pFvANMF
ET45DLXWERE) ¥ ThEnAT s, CORETIXFET4 413ED
F—FzVe+Vih (n) ¥525hTBH, FET45EFEDT—MIVe
—Vith (p) BEZLATVWARL, ANKTF 3 6 DBMAFV c X HEHFTY
FTaRBE., FET4 4 IcBEIHI., BCATRT 3 6 DBEFV c LHEHFT
b b2 L, FET4 5 I2BREFSENDZ LICR5,



10 addition to the conductive path 25 having a conparatively short |ength
(200 [err]mor so), there are the conductive path 26 being a very | ong
(larger than 20 nm) and the conductive path 27 which is a very long (Il arger
than 20 nm and has a plurality of gates as its |oads. Such conductive path
27 is 15 us¥@%¥Md stributing a clock signal or transmtti¥glE$eTs
signal, and these signals affect the whole performance (operation speed or
rate) of the IC chip, nanely, ULSI. In4&ig. 7, in case that a step waveform
is transmtted fromtransmtting gates (three gates at left side in the 20
drawi ng) to correspondi ng receiving gates through the
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respective conductive paths 25, 26 and 27, the input waveforns at the
recei ving gates are as shown in Fig. 8A by curves 25a, 26a and 27a,
respectively, and in case that an inpulse is transmtted fromthe
transnitting‘ﬁates to the 25° corresponding receiving gates through the
respective -condd®?¥ e paths 25, 26 and 27, the input wavef orRFIBP8/QORIS
receiving gates are as shown in Fig. 8B by curves 25b, 26b -5-

11

nFYRWVFET520V—-RAt—~VSS (RBANIIZELEEN) OBERTF 1
'a7&®ﬁmﬁﬁéﬂtn%?$WMOSFET56k\:hBMOSFETSS
RS 6D7—MIENENDOS — F P RSN D F ¥R VMOSFETS5 7
BEnF¥*R2NVMOSFETS58¢28h,

A 23—=% 5 3DATI. Ao, BRI Ny~ MIATRT 1 4108k
BN, A VN5 5 30HMEm, AL, KEERENLFLS Y i2ayFUYs
AR CTCEBMROUIEBEMN RSN, DFYAVFET510Y-X
AP FXYRNVFETSS5DFVL Y —V—RA2BLTH+HVDDERERF1 6108
o ENR, nFXYRNVFETS520V R nF¥RIVFET56DFLAY—Y
- —=ARBULT-VSSERRF1 7ic8k&h’, FET55RUS6D& KL
A e FREENTRERERS N, ¥/ FETS5TRUS 8K FLA

VIREWICEBRESNTEER 1 5 OATRICERS L, ThongEy —RikEh
CENEERT1IORTL TICERSNS, 0¥, ZOHE2OEHPITEA V8
—% 5 30MEBERERRBEIpF*RIVMOSFETHLY FIS—HARRS nF
YAVMOSFETAVY FIF—HERBEOFAIBMICERTRERSh TV,

LoT, COXEMF— 1 OBRIZR2 AR L-BHBESEBS -3 112
WT, €04 Y3—% 3 5 O AMIEZIBICER L ZWT, ADROAEEAT -
WF 3 6ICHHL, BUME T T H5 4% U CRERAL A BB
WERLZDDOLR—THAZ LPFEBEINL I,

TEBRICBWT, ADRTF 1 40BN HWEEFE+VDDL-VSSOFED
BUVcIXYVBLVizksL, FETS5 2ICERINEN, 2V F 95 41i2F
ET5 2BBBRIHKEBENE, COBRIFETS 6 RUS58XD %2 L

CIT-HIBRTHRESK, EER1SICREAS -3 120EE (IL) 2Hw
RUBERBHERET S, COBBESOSBYUMIRDS LERITBICLY.
EENLHBEENIE 25,

ATIRF1 4DBRESV c IV ETTS L, FETS5 1 BRI, 2V F
YU 5 4RSEIZFETS 1HMISEEICKEENS, COBRKIZIFETS5 5 RU5
TEV2RALVY FIT-EBETHESh, BB 152 BLTREMF 13
1OFECER (I1H) 288875, cOBSIBRIESOEBHEISKRDS L



and 27b, respectively. As is apparent fromthese waveforns, owing to that
the | onger conductive paths 26 and 27 have very long transition tines
respectively as conpared with the short conductive path 25, the propagation
delay-tinmes of the 5 conductive paths 26 and 27 are remarkably long in
respect st o t WOSBR¥3? esponse thereof and in respect to the RELEWMFonse
thereof, if the pul'se wdth is short, the pulse is disappeared. As a
result, a clock signal having a high frgegquency (a short repetitive period)
cannot pass through a 10 conductive path of |ong distance. |n other
words, there is an inportant drawback that the perfornmance (operation speed
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or rate) of the whole I C chip cannot be made high. In addition, in order to
I ncrease the density of integration of an IC and to reduce the power
consunption of 15 an I C nore and nore, mniaturization of a CMXS is
growi ng and the operation speed of an unity gate is inprove , the
equi val.ent- oMKU@PgP@sistance Rlerr] becones high and the dig'P| gﬁﬁﬁg
capacity of wiring per unit length tends to rather increase than is
unchanged. Consequently, the 20 traggition time is further |ong,
resulting in a shortcomng that the operation speed of the ICchipis
linited nore and nore.
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In vi ew of such dlsadvant ﬁﬂ! ﬂrecently in order to inprove the throughput

of wiring in an I C chip, fmm!”mn”' ransmtting a signal inan IC
chip using light has been 'udled However, it is necessary

that light emtting el'enents and" | i"ght® r écei vi ng el ements of cogﬁpugd
 -6- sem condWABAEre forned on the surface of a silicon (&Y "7 and
" that an optical waveguide is constituted separately
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of an electrical wiring layer. Therefore, it is difficult at present to

| npl enment such opti cal s%gnaf‘f?§ﬁ§ﬁ7§§rgﬁ_nethod, 5 and even if such

met hod shoul d be inplenen es in size and cost are
estimated. D SCLOSURE OF mn object of the present |ny ntlon
is to provi dWOAsBERYe 10 ''sScal elimtedrated circuit of CMOTSYIRAUPe in
. which a signal canm be transmtted therein at high speed or rate. In the

. present invention, in order to attain,the above object, there is provided
- an integrated circuit of CMOS structut® which is characterized in that a
. current-input type
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15 gate having a remarkably | ow i nput inpedance is used as a gate at the
receiving side in respect to a signal transm ssion path in the integrated
circuit, the current- input type gate generati'ng an output voltage

dependi ng upon the nmagnitude of an input current. 20 In a preferred
enbodi nent, WR9B8Ment -i nput type gate has its input termnm BSFIRHOHSI s
connected to a positive power supply termnal through a first current
mrror circuit constituted by p-chan A MOS. FETs and connected to a
negative power supply term nal throu% a second current mrror circuit 25
constituted by n-channel MOS. FETs.
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In a first nodification, the current-input type gate further includes an

I nverter of CMOS structure the input end and the output end of which are
i nt erconnected, and wherein the input end of the inverter is connected to

- the input termnal and respective ends of the inverter to be connected to
power suppl YWP&#7%hl s are connected to the input side of FCT/APRYOFTS st
current mrror crrcuit and the input side of the second current mrror

circuit, respectively. 2/4
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In a second nodification, the current-input type gate is arranged such that
t ke output end of the inverter of CMOS structure is connected to the input
terminal, to the input 10 end of the inverter is supplied with the md
poi nt potential between the positive power supply voltage and ihe ative
power suppl yWOIBBEIL, and respective ends of the inverter t 9¥%ﬁﬁ%cted
to power supply termnals are connected to the input side of the first
current mrror circuit and the input 15 side of the second current mrror
circuit, respectively. In a third nodi f3%&htion, the current-input type gate
i ncludes an n-channel MOS. FET inserted in series between the
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_ REPLACED SHEETS
p- channel MOS. FET. In another preferred enbodijnent, the current-input type

gate conprises a differential anplifier an iny tl?%g”mm!iu‘tpaem bf. tovpdgeh . £5...
connected to the input terminal, and a.5 nec&ﬂﬂﬂ@ﬂﬂéedbamkuhapaﬁwpg&d":Lm
connected between the inverting input end and {40 Rrawpug(s) epdgaf .. theo paged .. ...
differential anplifier, the mid point pagentiglEfofbsancti Nppagd BN & pegnad. ..
bei ng applied to a non-inverting input end of #he—di-fferential anplifier

'CMOS INTEGRATED CIRCUIT

TECHNICAL FIELD
The present invention-relates to an integrated circuit
5. (IC)'having a multiplioity of CMOss (Compiementary Metal-
| Oxide Semiconductors)'formed.therein, and more particularly,
to an-improvemept in a signal transmission path or line in a

ULSI (Ultra-Large SCale_Integrated Circuit) of CMOS.

ib BACKGROQEQ-ABf _
As 1s well known, semiconductor elements, loglcal
circuits and the like formed as an LSI (Large Scale |
Integrated Circuit) are electrlcally connected in a _
predetermined manner by wiring. Likewise} in a ULSI having a -
15 multiplicity of CMOSs formed therein, CMOSs, loglcal
circuits of CMOSs, and the like are electrlcally connected ln.'
a predetermined manner by wiring. Such wiring may be,often
formed by conduotive_patthor condnctors'of a'predetermined
'pattern_forned; for_example, on the surface.of:an integrated
20 circﬁit. | | o
- Fig. 6 shows an 1nterna1 c1rcu1t of a convent10na1 ULSI |
of CMOSs. In thlS ‘example, there is shown a case in whlch a
_gate'll'of one CMOS at a.transmlttlng side (herelnafter,
referred to as- transmlttlng gate) and a gate 18 of one. CMOS
25 at a rece1v1ng 51de (herelnafter, referred to as rece1v1ng
1gate) are electrlcally connected through a 81gna1

. transmission path whlch lS conductlve path or conductor 15 in

—————
——
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10 In each of the enbodi ments -and each of the nodifications, a gate
at the transmtting side in respect to the signal transm ssion path is a
current-output type gate, and it is preferred that this current-output type
gate is an inverter of CMOS structure. 15 In a further enbodi nent,

the current-output type gate is a gate &+ anged such that an output end of
an inverter of CMOS structure is grounded through a capacitor, respective.
ends of the inverter to be connected to power supplies are connected to a

positive power supply termnal through a first 20 current mrror circuit
onstltuted bih bSC$E§WE§e$ﬂ}§qq§T9faﬁ e transmlttlng gate 11 and the

receiving gate 18 are constltuted in thls example, by CMOSs
inverters (each inverter is constituted by a CMOS){
respectively.

5 The transmitting gate 11 comprises a p-channel MOSFEET
(08 Field Effeét Transistor) 12. and a n-channel MOS:FET 13
in whlch both gates thereof are connected with each other and
'connected to an input termlnal 14 both dralns thereof are

- connected with each other and connectgd to one end (input
10 end) of the_cohductive path 15, source of the p-channel
MOS-FET 12 is conﬁected'fo a powér supply'terminal-ls_of +VDD
~(a positive voltage), and source of the ﬁ-qhannel MOS+FET 13
is connected to a power supply'terminal 17 of -VSS (a
.negative.vbltage). Source'of'the h—channei MOS-FET 13 may be -
15 connected toc a common electric potential pdint'or'ground
potential point. | |
‘On the other hand, the receiving gate 18 comprises é-p—
channel MOS:FET 21 and a nachannel MOS+FET 22 in which'bOth_
gates thereof are connected with each other and connected to
20 an inpué terminal 23, both drains thereof are connegted with
each othér and connected tq_én output terminal (not shown),
source of the.p-channéi MOS-FET 21 is conneéted to the power.
supply terminal 16 of +VDD, and source of the n-channel
MOS-FET 22 is connected to the power supply terminal 17 of
25 -VSS. The other end (output end) of the conductive path 15
is connected to the input termihal 23.

In such circuit configuration, since there inevitably
- 7 .
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cpnheqted to a negative power supply termnal through a second current
‘mrror: circuit Constituted by n-channel MOS. FETs respectively, and the -
output ends of the first and second current mirror circuits are connected
to the signal 25 transm ssion path. Further, a resistance. el enent for
gnlntalnlng a current nay be connected hB-paraIIeI W th the_capacitor.
‘exist a distributed capacity CL (shown by broken line) of the
conductive path 15 and an input capacity-CG (aiso ehown by
broken line) of the receininé gate 18,_when a signal is
_transmitted from the transmitting gate 11 to the receiving
5 gate 18 through the conductive path 15, the distributed
capacity CL of the conductive path-ls and the input capacity
CG of the receiVing gate 18 will be charged by this Signal._
Assuming that an equivalent output resistance of the |
transmitting gate 11 is Rp, the transition time in waveform
10 of a voltage inputted te the'receiving gate 18 is equal to
Rg x (CL + CG). |
In reality, the transition time is also affected by a
distributed reSistance Qf the conductive path 15, but.usually-_
the equivalent output resistance Ry is dominative over this
15 distributed resistance and hence the influence of the
distributed reSistance is omitted herein. In addition, the
equivalent output resistance'Ro has a nature of non—linearity'
so that the resistance value can be varied with_change of the
voltage. However, for clarity of the_explanation; such |
20 characteristic is ignored herein. |
Recently, Ice'are growing in density of integration'and
degree of scale thereof higher and larger; and'the size of an
IC Chip is also increasing more and more,"FOr example, as
shown in Fig. 7, there is not rare a ULSI in which the 1ength
25 of one side of its chip 24 is longer than 15 mm. In'sueh

large IC chip, w1ring or conductive paths connecting

c1rcuits, elements, and the like formed in the IC chip w1th

This Sheet Has Been Rer

L)




According to the construction of the present invention as nentioned above,
siince -a current-input type gate having a | ow inpedance is used as a
receiving gate, the wiring capacitance:-CL and the gate input capacitance CG
can he rapidly charged, 5 and hence the transition tine of a signal is
rendered. remarkably short. As a result, -4t is possible that even a clock _
signal having a high frequency (short repetitive period) passes through a -

I ong conductive path in the CMOS.1C, and so the performance (operation

speed or rate) of the whole 10 _ CMOS.1C chip_can be nade hi gh. BRI EF.
DESCRI PTI ON OPReHENSRASF Negcome long in their lengths, and there appears a

coﬁductiveVpath which is longer than 20 mm. In an estimation
of some UﬁSI, the numbér of conductive paths larger than 20
mm has become more than 5% of the total nﬁmber oficonductive
5 paths. .
Fig. 7 shows an example of the internal circuits of a
conventional ﬁLgi of CMOSs. It diagrammatically.iilustrates
a multiplicity of gates; and wiring connecﬁing therebetween,
namely, conductive paths 25, 26 and 27. As shown, in
10 addition to the condpctive path.25'haviﬁ§ a comparaﬁively
- short length (200 um or so), there are the coﬁduCtive_path 26
being a very iong (1arger than 20 mmj and'the conductive path
27 which is a very long (ldrger fhan 20 mm) and hés a
pluraliﬁf'of gates as its loads. Such conducﬁive path 27 is
15 used in distributing a clock signal or transmitting a bus
signal, and these signals affect the whole performancé
_:(operation speed'o: fate) of the 1IC chip;_naﬁely, ULSI.
In Fig. 7, in case that a step waveform is transmitted
 from transmitting gates (thrée_gates_at left side in the
20 dtawing) to corresponding receiving.gates through the
respective conductivé.paths-zs,:zs and 27,'the.input
waveforms at-the'receiving gates are és shown in Fig. 8a by
curves 25a, 26a and 27a, respectively, and in case that ‘an
impulse is trahsmitted from the transmitting gates to the
25 corresponding receiving gates through the réspective
conductivé paths 25, 26 and 27, the input-wavefdrms at the

receiving gates are as shown in Fig. 8B by curves 25b, 26b
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Fig. 1 is a schematic diagramshowing an internal circuit of a first
enbodi‘nment of the large scale integrated circuit 15 of CM3S structure
according to the present invention; Figs. 2A and 2B are schematic diagrans
showi.ng two electric circuits of the charge responsive type gate shown in
Fig. 1, respectively; Fig. 3A 3B and 3C&re schematic diagrans show ng |
three 20 electric circuits of the charge responsive type gate in which a
steady-state current can be zero; Fig. 4 is a schematic di agram showi ng an

internal circuit, of a second enbodi ment of the |arge scale integrated
ciﬁguit' and 27b, respectively. As is apparent from these waveforms,.

'ow1ng to that the longer conductive paths 26 and 27 have very
long tran51t10n times respectlvely as compared with the short
- conductive path 25, the propagation delay-times of the
5 conductive paths 26 and 27 are remarkably long in respect to
the step response thereof and in respect to the pulse
response thereqf, if the pulse_width is short, the pulse is
diSappeared¢ .As'a result, a clock signal having'athigh
“frequency (a short repetitive period) cannot pass through a
_ 10 conductive path of long distance. In other words, there is
an important drawback that the performance (operatien speed
or rate) of the whole IC chip cannot be made high.
In addition, in order to increase the density of
integration of an IC and to reduce the poner consumption of
15 an IC more and more,-miniaturization'of a CMOS is growing'and-
the operation speed of an unity gate is improved. However,
the equivalent output resistanee Ro becomes-high.and-the
distributed capacity ef Wiring per unit iength tends to
rather increase than is unchanged. Consequently, the
20 transition time is further long, resultlng in a shortcomlng
that the operation speed of the IC chip 1s limited more and
more.
In view of such disadvantages, recently, in order to--
improve the throughput of wiring in an IC chip, a method of -
25  transmitting a signal in an IC chip using light has been
researched or studied. However, it is necessary that light

emlttlng elements and llght receiving elements of compound .
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of CMOS structure according to the present invention; 25 Fig. 5is a
bl ock  .di agram show ng an internal circuit- of a third enbodi nent of the
| arge scale integrated circuit of CMOS:-structure according to the present

i nventi on;

-10- Fig. 6 a schematic diagram showi ng an exanpl e of the

internal circuits of a conventional |args-scale integrated circuit of CMOS

structure:

10

15

20

25

semicohductors-are:formed on the surface of a silicon (Si)
chip and that an optical waveguide is constituted separately
of an electrical wiring layer. 'Therefore, it is difficult at
present to implement such optical signal transmission method,
and even if such method should be 1mplemented, vast increases
in size and cost are estimated.
DISCLOSURE OF THE INVENTION

An object ef the.present'invention is to provide a large
scale integrated circuit of CMOS etructure in which a signal
can be.tranemitted therein at high speed or rate.,

In the present invention, in order to attain the above

'object, there is provided an integrated circuit of CMOS

structure which is characterized in that a current-input type
gate having a remarkably low input impedance is used as a
gate at the receiving 51de in respect to a signal

transmi551on path in the 1ntegrated 01rcu1t, the current-

'1nput type gate generating anroutput voltage dependlng upon

the magnitude of an input current.
In a-preferred'embodiment, the current-input type gate

has its input terminal which is connected to a positive power

‘supply terminal_through a first current Miller circuit

constituted by p-channel MOS-FETs and connected to a negative

power supply terminal through a second current Miller circuit

constituted by n-channel-MOS-FETs.

In a first modification, the current-lnput type gate

further includes an 1nverter of CMOs structure the 1nput end

maH&B&mmﬁmw
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"Fig. 7 is a diagrammatical illustration showing signal 5 transm ssion
pat hs ‘of various lengths in a conventional |large scale integrated circuit

of CMOS structure; and Figs. 8A and.8B are waveforns show ng responses of a
receiving gate when a step wavef or m and an i npul se are transmtted through
the transm ssion paths of various |lengths’l0 shown in Fig. 7,
respectively. BEST MODES FOR CARRYI NG QUT THE .| NVENTI ON Now, sone

enbodi nents. of the present invention wll be descrlbed in detail wth

;F:giegﬁgo;?ng% tﬂétéhé%ut!%nd of Wﬁlgh ar X@érconnec %Fla%hrc E&egg the

the input end of the inverter is connected to the input
| terminal and'respective'ends of the inverter to be connected
to power supply terminals are connected to the input side of
5 the flrst current Miller c1rcu1t and the 1nput s1de of the
second current Miller c1rcu1t, respectlvely.

In a second modification, the current—lnput type gate 15_
arranged such that the output end of the lnverter of CMOS
structure.is conneCted.to the input termiﬁai,_to the input

10 end of the inverter is suﬁplied-with the mid.point potential
_bétween the positive power supply voltage and the negative
power supply voltage, and rgspéctive ends of the-inverter_to
‘be connected ﬁé power supply terminals are connected to the
. input side.of the fifst current Miller circuit and the input
15  side of the seéond current Miller circuit, respectively.
In a third modification, the current-input type gate
'includes_an'n-chanﬁel MOS:FET inserted in_series between the _
input terminal and the'input side of the first current Miller
circuit, and a p~channel MOS:FET inserted in series between
20 the input terminal and the input side of the secdnd current
Miller circuit, and a poténtial of addition of the mid-point
potential between the‘p05itiVe and negative power supply
voltages to a threshold.voltége of the n-channel MOS-?ET.is
applied to gate of the n-channel MOS-FET, a potential of
25  subtraction of a threshold voltage of the p-channel MOS - FET
from the mid point potential between the positive and

- negative power supply voltages being applied to gaté of the
—_— _ _ SRR

—
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of the large scale integrated circuit of CMOS structure according to the
present invention. In the follow ng, portions and elenents in Figs. 1 to.5
corresponding to those in Fig. 6 are denoted by the sane reference .
characters as 20 those in Fig. 6, and the explanations thereof are

om ttéd unl ess necessary. In the first eg@bodinent, a transmitting gate 11
is also constituted as an inverter conprising a p-channel MOS. FET 12 and an
n-channel MOS. FET 13, and has the sane configuration 25 . ‘as that of the
conventional transmitting gate 11 shown in F|g 6. Accordingly, the

explanatlon trEaQQﬂani &S FEY -

In another preferred embodlment, the current-lnput type

gate comprises a dlfrerentlal amplifier an inverting input
end of which is connected to the input terminal, and a

5 negative feedback capacitor connected between the.inverting
input end and an output end of the_differential.amplifier,
the mid point potential of an input logical signal being
applied to a non-inverting input end of the differential
amplifier. -

io : In each of the embodiments and each of the modificatiehs,
a gate at the transmitting side in respect to the'signal
transmission path is a current-output type gate, and it.is
preferred that this current-output type gete is an ihverter
of CMOS structure. | | |

15 In a further embodlment, the current-output type gate is
a gate arranged such that an output end of an inverter of
CMOS structure is grounded through a cepacitor, respective
ends of the in#erter to be.connected to poWer supplies are
-connected to a positive power supply terminal through a first

20  current Miller circuit.cohstituted by p-channel MOS-EETs_and
connected to a negative poﬁer supply termipal through a .
second current Miller circuit constituted by n-channel
MOS -« FETs respectitely, and the output ends of the first and
'second current Mlller cxrcults are connected to the signal -

25 transm1551on path.- Further, a resistance element for
maintaining a current may be connected in parallel with the

capacitor.
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A receiving gate 31 connected to the output end of a.  -11- conductive
pat h -or conductor (signal transm ssion path) 15 is constituted as a gate 31
which is of a current-input type and having a | ow i nput inpedance '
(hereinafter, referred to as charge responsive type gate). The input

i npeddance Rin of 5 this charge responsPve type gate 31 is sufficiently
| ow as conpared to the equival ent output resistance R err] of the

'According to the construction of the present invention as
mentioned above, since a current-input type gate having a iow'
impedance is used as a receiving gate, the wiring capacitance
CL and the gate input capacitance CG can be rapidly-charged,

5 and hence'the transition time of a signal is.rendered
remarkably short. As a result, lt is pOSSlble that even a
clock signal haVing a high frequency (short repetitive
period) passes through a long conductive path in the CMOS- IC,
and so the performance (operation speed or rate) of the whole

10 CMOS+IC chip can be made high.

BRIEF DESCRIPTION OF THE DRAEINGS

Fig. 1l is a schematic diagram show1ng an internal c1rcuit

of a first embodiment-of_the large scale integrated circuit
15 'of CMOS structure according to the present invention;'

Figs. 2A and 2B are schematic diagrams showing two
electric circuits of the charge respon51ve type gate shown in
Fig. 1, respectively,_ |

. Fig. 3A,:33'and_3c are schematic diagrams showing three
20 electric'circuits of the charge responsive type gate in which
| a_steadyfstatefcurrent can be.zero;

Fig. 4 is a SChematio diagram showing an internal circuit
of a second-embOdiment of the large scale integrated circuit
of CMOS structure according to the present invention;

_'25 Fig. 5 is a block diagram showing an internal circuit of
a third embodiment of the large scale integrated circuit of

_ CMOS structure according to the present invention;
— .

.'\
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transmtting gate 11. As a result, the charge responsive type gate 31 acts
to make the anplitude of an input voltage substantially zero and hence to
make a current flowing in the 10 :load capacitance substantially zero
thereby generating an output vol tage depending on an input current. An
exanpre of the circuit diagrans of the cfgarge responsive type gate 31 is
shown in Fig. 2A. This charge responsive type gate 31 conprises an inverter
35 constituted 15 by a p-channel MOS. FET 33 and an n-channel MOS. FET 34,
a p- channel MOS-FET 37 connected between source of the p-channel MOS. FET
33 and. a power sufipby fefnfabemasiefdiagmem showing an example of the

. internal circuits of a conventional large scale integrated
circuit of CMOS struCture{ | | | |
Fig. 7 is a diagrammatical'iliustration shoﬁing signal
5 transmission paths of various lengths in a convehtional large
scale integrated circuit of CMOS'structure- and
Figs. 8A and 8B are waveforms show1ng responses of a
rece1v1ng gate when a step waveform and an 1mpulse -are
transmitted through the transmission paths of various. lengths

-iol shown in Fig. 7, respeéectively.

BEST MODES FOR CARRYING OUT THE INVENTION
Now, some embodiments of the present invention will be
described in detail with refefenoe to Figs. 1 to 5.

15 Fig.'l shows an internal circuit of the first embodiment
of the large scale integrated circuit of CMOS structure.
according to the present invention. In the following,
portions. and elements in Figs. 1 to 5 correSponding to those
in Fig. 6 are denoted by the same reference characters as

20 those in Fig. 6, and the eXplanations thereof are omitted
unless'necessa:y.

In the first embodiment, a transmitting gate 11'is also
constituted as an inverter comprising a p-channel MOS-FET 12
.and an n-channel MOS-.FET 13; and has the same configuration

25 as that.of the conventional transmitting gate 11 shown in

Flg. 6. Accordingiy, the explanation thereof is omitted.

A receiving gate 31 connected to the output end of a

This Sheet Has Been Replace

[ lIIIll 110

=/



channel MOS. FET 38 connected between source of the n-channel MOS. FET 34 and
a power supply termnal 17 of -VSS or ground 20 potential termnal, and a
p-channel MOS. FET 39 and an n- channel. MOS. FET 41 connected in their gates
to gates of the MOS.FETs 37 and 38 respectively. The input end (gates :
. connected in common) and the output end1fldrains connected in commn) of the
inverter 35 are 25 I nt erconnected and are connected to an input term nal
36. Source of the p-channel MOS.FET 33 is connected to the power suppl y |

termnal 16 of +VDD through drain-source of  the_p-
conductive path or conductor (31gnal transmission path) 15 is

‘constituted as a gate 31 which is of a current—lnput type and
having a low-input impedance (hereinafter, referred to as
cherge responsive type gate). The input impedance Rin of
5 this charQe responsive type gate.31 is snfficiently low as
compared to the eQuivalent'output resistance Rg of'the
transmitting"gate 11. As a result;_the'charge responsive
type gate 31 acts to make the amplitude of an input voltage.
substantially zero and hence to make a current flowing in the
10 load_capacitance substantially zero thereby generating an
| output.voltage depending on an input current.
An. eiample of the circuit diagrams of the charge
respon51ve type gate 31 is shown in Flg. 2A. This charge
responsive type gate 31 comprises an inverter 35 constltuted
15 Dby a p—channel MOS-FET 33 and an n-channel MOS-FET 34, a p-
channel MOS- FET 37 connected between source of the p-channel
MOS+FET 33 and a power supply termlnal 16 of +VDD, an n-
channel MOS-FET 38 connected between source of the n-channel
MOS - FET 34 and a power supply terminal_17_of -VSS or gronnd
20 potential terminal, and a p-channel MOS-FET 39 and an n~
:channel'MOS-FET 41 connected in their gates to gates of the
. MOS-FETs 37 and 38 respectively.
The input end (gates connected in common) and the output
end (drains connected in common) of the inverter 35 are
25 Iinterconnected and are connected to an input terminal 36.
Source'of the p-channel MOS-+FET 33.is connected to the power

supply terminal 16 of +VDD through drain-source of the p-
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-12-" channel MOS. FET 37, and source of the n-channel MOS. FET 34 is .
connecfed to the power supply ternmnal 17 of -VSS or ground potenti al
term nal through drain-source of the n-channel MOS. FET 38. Drain and gate
of the MOS. FET 37 are 5 i nterconnected, and also drain and gate of the
MOS. FET 38 are interconnected. Drains of-12he MOS. FET 39 and 41 are
i nterconnected and ‘are connected to an output term nal 42, and sources. -
thereof are connected to the power supply

‘channel MOS- FET 37, and source of the n-channel MOS * FET 34 is
connected to ‘the power supply terminal 17 of -VSS or ground.
potential terminal through drain-source of the n-channel
MOS:-FET 38. Drain and gate of the MOS:FET 37 are |

5 _interconnected, and also drain and gate of'the MOS-FET 38 are
interconnected. Drains of the MOS:FET 39 and 41 are

rllnterconnected and are connected to an output termlnal 42,
-.and sources thereof are connected to the power supply
termlnals 16 and 17, respectlvely.' In other words,-both ends

| 10 of the 1nverter 35 to be connected to power sources are

connected to input sides of a current MllLer circuit
constituted by tﬁe p-channel MOS - FETS 37, 39 and a current
ﬁiller circuit constituted by-the.n—channel MOS-FETs 38, 41
respectlvely. '

15 - In accordance w1th the arrangement dlscussed above, since'
the input end and the output end of the 1nverter 35 are
lshort-circuited, the impedance Rin as has seen from the input
terminal 36 is very low, and the potential of the input
terminal 36 comes to substantially one at the mid point of

20  +VDD and -VSS (or OIV).‘ That is, the potential of the input
terminal 36 becomes the threshold voltage of the inverter 35,
namely, the input voltage by uhich the output logic of the

" inverter 35 is inverted, and both the MOS-FETs 33 and 34 are
self-biased in between drain and source of each of.then by

25 this threshold voltege, respectively.-

As descrlbed above, since the potentlal of the lnput

termlnal 36 is one by whlch the inverter 35 is inverted, the

Te——— e
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termnals 16 and 17, respectively. In other words, both ends 10 of the-
inverter 35 to be connected to power sources are connected to input sides
of a current mrror circuit constituted by the p-channel -MOS. FETs 37, 39
and a current mrror circuit constituted by the n-channel MOS. FETs 38, 41
respectively. 15 I n. accordance w that he arrangenent di scussed above
since the input end and the output end of the inverter 35 are
short-circuited, the inpedance Rin as has seen fromthe input termnal 36
is very | ow, and t he potential of the input termnal 36 cones to
substantial ly bm@g@gnqeupqﬁwgepodﬁglgfand source of each of the MOS- FETs 33

and 34 is remarkably low, and the impedance of the input
terminal 36 is a value of parallel connected impedances
between drains and sources of the MOS-FETs 33 and 34 and

5 hence is the lowest value. In addition, due to ‘the effecﬁ'of
the negative feedback, the impedance of the'input terminal 36
-is further 10wered, and yet, if it will depart from the
lowest impedénce point, an action exerts_ﬁhereon for '
returning back to the lowest impedance point.

10 Moreover, the MOS-FETs 37 and 39 form a current Miller
circuit and also the MOS-FETs 38 and 41 form a current Miller
circuit. The. input impedance of the current Miller circuit
of_the MOS+FETs 37 and 39, namely,'the impedanCe.of'drain of
the-MOS;FET 37 is set to be equal to the input impedance of

15 the current Miller circuit of the MOS-FETs 38 and 41, namely,
the impedance of drain of the MOS-FET 38. In addition, it is
designed that ratio of beta (B) of the FET 33 to that of the
FET 34 is 1:1 and the threshold voltages of both the FETs 33
and 34 are equal' to each ot.her. Consequently, the voitage of

20 the input terminal 36 just becomes'the mid point of ﬁhe power -

| supply voltages +VvDD and -~VSS. | |
Further, the lllustrated gate circuit has a steady-state
current flow passing through the FETS 33, 34, 37 and 38 even
if the input of the gate circuit is open.' Therefore, in-view
25  of reducing the power'consﬁmption, it iS'deeired that sizes
of the FETs 33, 34, 37 and 38, that is, gate widths thereof
. _are decreased. In practice, the gate widths of the'FETs.33,
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20 #VDD and -VSS (or 0 V). That is, the potential of the input termnal
36 becones the threshold voltage of the inverter 35, nanely, the input

vol tage by which the output logic of the inverter 35 is inverted, and both
the MJS. FETs 33 and 34 are self-biased in between drain and source of each
of them by 25 this threshol d voltage,-?@spectivelyh As described above,
since the potential of the input terminal 36 is one by which the inverter

35 is inverted, the | _ _ _
34, 37 and 38 are determined based on a trade-off between the

power consumption and the operation speed'or rate.
A current flOwing from the transmitting gate 11 to the
input'termina1-36 all of it passes through the FET 37 or 38
5 of the current Miller circuit and hence the impedance as seen
“from the FET 33 or 34 toward the FET 37 or 38 is very low
because of the current 1nput. In this case, when a current
flows from the.transmlttlng gate 11 toward the 1nput termlnal
36 (see IH in Fig. 1), it flows through the. FET 38, and when
ib_ a current flows from the input termlnal 36 toward the
transmitting gate 11 (see IL in Flg. 1), it flows through the
_FET 37. At that time, a current flows through the FET 39 or
41 and a difference between the current flows through the FET
39 and the FET 41 is proportional to the'difference between
15 the current flows through the FET 37 and the FET 38. In case
the current flow through the FET 39 lS larger than ‘that
through_the FET 41, the potentlal of the output terminal 42 f
rises to about +VDD. On the contrary, in case the current
flow through the FET 41 is larger than that through the FET
20 39, the potential of the output terminal 42 fallslto about -
-VSS. | | | |
Since the charge responsive type gate 31 shown in Fig. 1
has a remarkably low input impedance Rin as'described above,
the distributed capaoity CL of the conductive path 15 (wiring
25 capacitance) and the_input oapacity CG of the gate 31 are
both in substantially shorteoircuited state by such very low

input impedance of the gate 31. 'As a result, it is hardly
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-13- inpedance between drain and source of each of the MOS. FETs 33 and 34
is remarkably | ow, and the inpedance of the input terminal 36 is a val ue of
paral | el connected i npedances between drains and sources of the MOS. FETs 33

and 34.and 5 hence is the lowest value. |In addition, due to the effect
of the negative feedback, the inpedance-¢p§-the input terminal 36 is further
| ownered, and yet, if it will depart fromthe | owest inpedance point, an

action exerts thereon for returning back to the |owest inpedance point. 10

Mor eover, the MOSFETs 37 and 39 forma current mrror -
necessary that a signal outputted from the transmlttlng gate

11 charges the wiring capacitance CL and the gate input
capacitance CG, and the transition time is very short. 1In
.other words, a change of the signal outputted from the
5 transmitting gate 11 is transmitted to the input terminal 36
of the receiving gate 31 at high speed. 1In addition, if the
output of the tfansmitting gate 11 comes to a high letel, in
the example shown in Fig. 2A, the petential of the output
te:minal 42 of the receiving.gate 31 reaches about .~-VSS, and
10 if the output of the"transmitting_gate 11 comes to a low
level, the petential-bf the output terminal 42 of the
receiving gate 31 reaches'about.+VDD. Aceordingly, the
output.of the transmittihg.gate 11 is inverted and the
inverted output appears at the output terminal 42 of the
15 rece1v1ng gate 31.
As the charge responsive type gate 31, a gate as shown in
Fig. 2B may be used wherein the inverter 35 shown in Fig. 2A
is omitted and the input terminal 36 is directly connected to
drain of-the.FET 37 and dtain of the FET 38. In this first
20 modification of the charge responsive type gate 31, the
potential of the input terminal 36 beeomes a potential at. the
mid point between +VDD and -VSS and it is a curreht input to
- | both the current Miller circuits, and therefore the input
impedance_is low. As a result; similar functional effects to
25 the charge responsive type gate circuit shown in Fig. 2A can
be obtained. 1In this case,jthe'input impedance of the charge

responsive type gate circuit shown in Fig. 2B is higherlthan

——
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circuit and also the MOS. FETs 38 and 41 forma current mrror

I nput |
nanel
I nput

desi gned t hat.

circuit. The

‘i mpedance of the current mirror circuit of the MOS. FETs 37 and 39,

Y,
|

t he i npedance of drain of the MOS. FET 37 is set to be equal

tothe'

_inpedance of 15 the current mrror circuit of the MOS. FETs 38 and
41, nanely, the inpedance of drain of thgMOS. FET 38. In addition,

1:1 and the threshold voltages of both the FETs 33 and 34 are equal

ot her.

it is-

ratio of beta ([err]) of the FET 33 to that of the FET 34 is

to each

Consequently, the voltage of 20 the input termnal 36 just becones:

the md point tifatd ko€ pheechangelgespnnsnyestypBDgang cimmit shown in Flg.--

10

2A and also a current flowing through the FETs in steady-
state in Fig. 2B is larger than that in Fig. 2A. However, an
advantage is obtained from the charge_responsive_tyoe gate
circuit of Fig. 2B that the number of elements, mamely, fETs
is smaller than that of the charge responsive type gate '
c1rcu1t of Flg. 2A.

Flg. 3A shows a second modification of the charge.

' responsive type gate 31. This second modification'includes

an n-channel MOS-FET 44 and a p-channel MOS-FET 45 in place

of the 1nverter 35 1n Fig. 23, ‘and is arranged such that

;sources of the MOS-FETs 44 and 35 are connected to the- 1nput

L termlnal 36, gates thereof are connected to a termlnal 46,

15

20

25

Tomme——
m——
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drains thereof are connected to correspondlng drains of the
MOS+-FETs 37 and 38 respectively, and a potential Vc at the

mid point between the power supply termlnal 16 of +VDD and

the power supply termlnal 17 of -vSs is applled to the

terminal 46.

In the above circuit configuration, if the potential of

-the input terminal 36 is within limits of Vc % Vth (Vth is a

—

threshold voltage of each of the FETs 44 and 45), no source
current flows through the FETs ‘44 and 45, and hence the input
impedance beCOmes high. 1In case the lnput of the gate is
open, any steady-state current does not fiow through the FETs
44 and 45. |

If the 1nput voltage of the input terminal 36 is even

sllghtly out of the limits of VC : t Vth, the FET 44 or 45

—
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Fur t her,

circuit

f the illustrated gate circuit has a steady-state current flow
passing through the FETs 33, 34, 37 and 38 even if the input of the gate
is open. - Therefore, in view 25 of reducing the power

consunpti on,
is, gate widths thereof are decreased. Kh7practice, the gate widths of the
-14- 34, 37 and 38 are determ ned based on a trade-off between

FETs 33,

t he

it is desired that sizes of the FETs 33, 34, 37 and 38, that

becomes conductive, and in response thereto, the output

voltagetof the-ogtpﬁt terminal 42 approaches +VDD or -VsS.

- Since there are many cases that Vth is set to 10% or so of.

‘the pewer supply voltage, the amplitude'of-the voltage at the

input terminal 36 will come to 20% or so_ef the-poweszupply
601tage. If the amplitude of the voltage is of such value,
an operation O§ sufficiently high speed'or;rate'is usually

!
expected. More partlcularly, it is possible to make the

amplitude of an input voltage a small value of about 2Vth,

10

15

20

25

.and so a 51gna1 can be transmitted w1thout being greatly

affected by the wiring capacitance CL and the gate_input
capacitance CG.l In other words, the trahéition time can be
remarkably shorted as compared to the prior art. Further, ih
practice, Vth differs between a p-channel MGS-EET-and an n-
channel MOS-FET. For the purpose of easy understanding, it
is assumed here that Vth of a p-channel MOS-FET is'equal te
that of an n-channel MOS-FET.

If it ie desired to'make a steady-state current flbw'zero
and to make the amplitude of the ﬁoltage at the.input
terminal 36 smaller, as shown in Fig. 3B; gates of the FETs
44 and 45 are disconnected from each other and gate of the
FET 44 is supplied with Ve + Vth(n) (Vth(n) is a threshold
voltage'of the n-channel FET 44) and gate of the FET 45 is
supplied with Ve - Vth(p) (Vth(p) is a threshold voltage_of'
the p-channel FET 45). In this'state, since the FET 44 has

its gate supplled w1th Ve 4+ Vth(n) and the FET 45 has its

gate supplled with Vo - vth(p), if the potentlal of the input -
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power consunption and the operation speed or rate. A current flow ng from
the transmitting gate 11 to the input terminal 36 all of it passes through
the  FET 37 or 38 5 of the current mirror circuit and hence the inpedance
as seen fromthe FET 33 or 34 toward the FET 37 or 38.is very |ow because
of the_current input. In this case, wher1& current flows from t he
transmtting gate 11 toward the input termnal 36 (see IHin Fig. 1), it
flows through the FET 38, and when-10 a current flows fromthe input’
termnal 36 toward the transmtting gate 11 (see_lL in it flows

, Fj 1
through the FEPIT®ANa 3@h§@°ﬂﬂ-¢fe¥’eal‘&"lﬁl?%te‘ﬁ“o\ﬁ&lﬁm%ﬁghg}‘ﬂ‘@)?—%'r %9 or
current flows through the FET 44. _On the contrary, if the

potential of the input terminal 36 should be increased even
slightly over V¢, a curren£ flows through the FET 45.

5 As the charge responsive type gate 31, a gate as shown in
Fig. 3C may be used wherein an inverting input terminai of a |
differential-a@plifier'48.is connected to the input terminal
36,-its'output terminal.is connected to the output terminal .
42, a negative feedback capacitor 49 iégconhected between the-

10  output terminal and the inverting input terminal of the
amplifier 48, and the mid poirt voltage'Vc is applieg to a
noﬁ-inverting iﬁput'terminal of the amplifier 48, the |
differential amplifier 48 having high gaih and wide or broad
‘band and operating at high speed or rate.

15 : This differeﬁtial amplifier 48 integrates a curreﬁt
flowing intb the'inpuf terminal 36, and'outputs an output
vbitage which is proportional to the integrated value and is
inverted in polarity. As a result, if the potehtial-at the
input terminal 36 should rise even slightly over Vc, a.rapid

'20'_ charge 6f the‘qapacito£'49_ié effectéd.by a negative feedback

| curfent so as to cancel thé differehce between the potential
of the input terminal 36 and Vc so that the output voitage at
ﬁhé,output terminal 42 is lowered. On the other hand, if the
_potential at-the input.terminal 36 should fali even slightly
25 below Vc, a rapid charge of the capacitor 49 is effected by a
: negative feedback cuirent_having the inverted po1arit? so as

to cancel the difference between the potential of the input
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41 and a difference bétween the current flows through the FET 39 and the
FET 41 is proportional to the difference between 15 the current flows

t hrough the FET 37 and the FET 38. 1In case the current flow through the
FET 39 is larger than that through the FET 41,. the potential of the output
terminal 42 rises to about +VDD. On the-t®ntrary, in case the current flow
through the FET 41 is larger than that through the. FET 20 39, the.
potential of the output termnal 42 falls to about -VSS. Since the char ge

responsive t t h : :
, npgdaf,'c\é R L Eeridna rlagzar? %qllgsoFlt‘glatl e out’p%%a%i‘%&e' QU L8 Sutput

terminal 42 is 1ncreased; Accordlngly, the potential at the
“input termlnal 36 is malntalned at ve and the input 1mpedance |
becomes substantlally zZero. |
5 ' As described above, since the differential amplifier 48
has hign gain and"operates in wide—band, and moreover the
input 1mpedance comes to substantlally zero, lt can rapidly
integrate an 1nput current supplled to the input termlnal 36.
Therefore, the wiring capacitance CL and the gate input
io 'capacitance CG are quickly charged and the transition time is
rendered very short so that high speed operation-can be |
performed. Further, in order to meet the range.of input
voltage of the succeeding'etage, alcircuit for limiting the
amplitude of the output voltage may be'connected_to the
15 output terminal 42, if necessary. |
The charge responsive tyﬁe gates.31 shown in Figs. 2A and
IZB always consume the power. Inlcase the transmitting gate
11 is of the type in which it outputs only a trans1ent
current, the current contrlbutlng to a signal transm1551on is
- 20 only a transient current flowing in transition of ‘a signal,
and hence it is mucn preferred to arrange such that only the
transient current.flows. | |
Fig. 4 shows an internallcircuit of the second embodiment
of the 1arge scale-integrated circuit of CMOS structure |
25 according to the present invention, and illustrates a case
arranged to flow only a transient current.

In the second embodiment, as the transmitting gate 11, a
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"the distributed capacity CL of the conductive path 15 (wiring 25 .
capaci'tance) and the input capacity CG of the gate 31 are both in
substantially short-circuited state by such very |ow input ‘i npedance of t he

gate. 31. As aresult, it is hardly necessary that. a signal out putted
fromthe transn1tt|ng gate 11 charges t+29-wiring capaci tance CL and the
gate input capacitance CG and the transition tinme is very short. |n other

words, a change of the signal. outputted fromthe _
.gate is used which has its Circuit configuration similar to

that of the charge responsive type gate 31 that lS the
receiving gate shown in Fig. 2A. This transmitting-gate 11
comprises an inverter 53 constituted by a p-channel MOS + FET

5 51 and an n-channel MOS:FET 52, a p-channel MOS-FET 55 |
connected_between.source of the p-channei MOS+FET 51 and a
power supply kpositive potential) terminal 16 of +VDD, an n-
.channel MOS-FET!SG connected between source of the n-channel
MOS-FET 52 and a power aupply (negative potential) terminal.

10 17 of ~VSS or ground or common potential terminal, and.a p-
channel MOS-FET 57 and an n-channel MOS-FET 58 connected in
their gates to gates of the MOS-FETs 55 and 56 respectively.

The input end, namely, gates connected in common of the

inverter 53 are connected to the input terminal 14 and the

15 output end, namely drains connécted in common of the inverter
53 are connected to the common potential point or ground
potential point through a capacitor 54. Source of the p-
channel ‘MOS+FET 51 is connected to the power supply terminal
16 of +VDD through drain—source of the p-channel MOS-FET 55,

20 and source of the n-channel MOS-EET 52 is connected to the
power supply terminal 17 of -Vss through drain-source of the
n-channel MOS-FET 56:. Drain and gate of-the HOS'FET 55_are
interconnected, and also drain and gate.of the MOS-FET 56 are’
interconnected. Drains of the MQS FET 57 and 58 are

25 1nterconnected and are connected to the input end of the .
~conductive path 15, and sources thereof are connected to the.'

poner supply terminals 16 and 17;'re5pective1y. In other
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5 transmtting gate 11 is transmtted to the input terminal 36 of the
receiving gate 31 at high speed. 1In addition, if the output of the
transmtting gate 11 cones to a high level, in the exanple shown in Fig.
2A, the potential of the output term nal 42 of the receiving gate 31
reaches about -VSS, and 10 if the outpdt- of the transnitting gate 11 -

. cones to a low level, the potential of the output termnal 42 of the
receiving gate 31 reaches about +VDD. Accordingly, t he output of the

transmtting gate, 11 .i s, inverted nd t |nver out ppegars_at_the
“output ter m ndfPHE orlf Fhisssecon e?WHQé} h ehls’ of Bhé Pnforidf

53 to be connected to power sources are also connected to
input eides of a current Miller Circuit'constituted.by the p-
channel MOS-:FETS 55, 57 and a current Miller c1rcu1t | |
5  constituted by the n—channel MOS-FETs 56, 58 respectlvely.
Thus, it w111 be understood that the construction of_thls_
-transmlttlng gate is the same as that of the’ charge
, respon31ve type gate 31 shown in Flg. 23 except that the
input and output ends of the inverter 35 are not connected in
10  common, and.in piace:thereof,-onlj the input end is connected
 to input-terninal 36 and the output end is connected to the
common potential or ground potential point through the
capacitor 54. | | |
In the above circuit configuration, when the potential at
15 the input terminal 14 becomes a higher level'than Vc of the
mid point.potential_betWeen the.power supply voltages +VDD
- and -VSS, a current flows through the FET 52 S0 that the
capac1tor 54 is charged with its electrode connected to the
' FET 52 belng negatlve. The-current SLgnal is multlplled by
| 26 the current Mlller circuit constltuted by the FETs 56 and 58
._ thereby generating a transient current on the conductive path
15, which acts to draw a current (IL) from thehreceiving gate
31. When the transition time of this current signai ends,
the current through the FETs of the.transmitting-oete comes
25 to zerO'so that.no steady-state power consumption occurs in
the_transmitting gate. |

When the potential at the input terminal 14 is lowered

———

as Been Re‘laced

"



As the charge responsive type gate 31, a gate as shown in Fig. 2B nmay be
used.'wherein the inverter 35 shown in Fig. 2Ais onitted and the input
terminal 36 is directly connected to drain of the FET 37 and drain of the
FET.38. In this first 20 nodification of the charge responsive type gat e
31, the potential of the input term nat236 becones a potential at the md
poi nt between +VDD and -VSS and it is a current input to both the current
mrror circuits, and therefore the input |npedance S Iow1 As a result,

iml f i | effects to 25 th h ate circuit
Shown | n' Fi g PeIRICHR b8 BREESHECELOMS Hiotshs aher RET: Abgo ) irfiaria of t“he

Chafge capacitor 54 lS charged with its electrode connected to the
FET 51 being positive. The current signal is multiplied by
'the current Miller circuit constituted'by_the FETs ‘55 and 57
5  thereby supplying a current (IH) to the conductive.path 15,
‘which fiows toward the receiving gate 31 through the
conductive-path%15. In this case,-when the transition time
~of this current'signal ends, the current through the FETs of
the transmitting gate.also comes to zero so that no steady-
10 state power consumption occurs in the transmitting'gate.
"Even in the case the transmitting gate_ll is usedhwhich
is arranged such that a cur;ent flows only during the
transition time of a signal as discussed above, if a gate of
the type in which a steady-state curtent flows through the
15 '-gate, as shown in Figs. 2A and 2B, is used as the receiving
charge'respcnsive type gate 31, electric charges stored in
the wiring capacitance CL and the gate input capacitance CG
are discharged so that the signal output state of the |
receiving gate 11 cannot be maintained when the interval
20 . between successive transitions of the-51gnal on the input
terminal 14 is long (the.time duration in which no cnrrent
flows at all is long). |
In such case, aS'shown”in'Fig. 4 by dotted lines, a
resistance element (or. an FET acting as a resistance element)
25 61 may be connected in parallel with the capacitor 54 to flow
| a minute current thrcugh.the resistance element 61 for

maintaining the charged potentials of the capacitances,

; -
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responsi ve type gate circuit shown in Fig. 2B is higher than -16- that -
~of the charge responsive type gate circuit shown in Fig. 2A and also a
.current flow ng through the FETs in steady- state in Fig. 2B is larger than
that. in Fig. 2A. However, an advantage is obtained fromthe charge
responsive type gate 5 circuit of Fig2328 that the nunber of elenents,
nanely, FETs is smaller than that of the charge responsive type gate

thereby to retain the signal output state correspending to
the signal input state of the input terminal 14 in respect to
the cenductive path 15. This resistance element:61 may be
one through which a minimum current can flow so that the

5 signal'output state can be retained in any time duration
other than the transition time.

In case a gate of the type_in thch'any steady-state
current or any'aeakage.current does not flow through'the
gate, as shown in Figs. 3A and 3B, isgused as the receiving

.10 charge responsive type gate 31, the transmitting gate shown

in Fig. 4 can be used. However, if it is difficult to retain
the input potential of the charge responsive type gate 31
stationarily for a long time due to'the.eXistence.of a minute
leakage curfent, as previohsly nentioned a resistance

15 element is connected in parallel with the capa01tor 54 in
case a signal to be transmitted does not change for a long
time. |

In case the charge responsive type gate shown in Fig..3c
is used as the receiving charge responsive type gate 31, it.

20 is unnecessary in this case to connect a resistance element
in parallel with the capacitor 54 so that a current Can.flow
through the resistance element fer maintaining the charged
'petentials'of the capacitances except a case that a-signal to

' be transmitted does not change for a long time, though it is

25 dependinglupon the input leakage current of the differential

amplifier 48. - | |

Fﬁrther, in case a gate of the type .in which a steady-
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circuit of Fig. 2A. Fig. 3A shows a second nodification of the charge
responsive type gate 31. This second nodification includes 10 an

n- channel MOS, FET 44 and a p-channel MOS. FET 45 in place of the inverter 35
in Fi.g. 2A, and is arranged such that sources of the MOS. FETs 44 and 35 are
connected to the input termnal 36, gat#% thereof are connected-to a
termnal 46, drains thereof are connected to correspondi ng drains of the 15
MOS. FETs 37 and 38 respectlvely, and a potential Vc at the md point -

bet th f dth I I
1$ g?envsse|% g%& %%Fét ﬁigaéwthrouéh £hdPg ga%n ases 8w§r1n998gy fern1na

used as the transmlttlng charge respon51ve type gate 11, any
one of the charge respon51ve type gates can be used. In case
of transmlttlng_a signal the transition of whlch_always |
5 oecurs at high rate or speed such as a clock signal, if the
' transmitting gate shown in Fié. 4 is used, any ene of the
-charge reSponsiye type gates showniin Fiqs.'ZA and 2B, and
_ Figs.'3A,'3B and‘3CVmay be-provided at the receiving side.
"Since the transmitting gete 11 is a'chrrent-output type
10 gate end the receiving gate_3i is_e chargehresponsive type
gate, namely, a current;input type date, it can be easily |
implemented that, as shewn in Fig. 5 for example, a plurality
of transmitting current-output type gatesu63 are connected to
the conductive path 15, and in addition, a plurality of
15 receiving current-input type gates 64 are eonnected to the
conductive path 15 thereby using the conductive path 15 as a
‘bus. Particularly, if as the Current-output type gate 63 is
used the transition current output gate which outputs a
current only during the transition time as shown in Fig. 4
20 and as the current-input type gate 64 is used the chatge
responsive type gate'through-which no steady-state current
flows as shown in.Figs. 3a end'3B, no current flows through
the conductive path 15 ih'the steady~-state, and hence it ie
not required to set the current-outﬁut tjpe gate 63 in high
25. impedence state (inhibit state). Consequently, the control
circuit end_the eentrol of timing therefor are not needed.

As described above, in accordance with the present
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termnal 46. In the above circuit configuration, if the potential of 20

the idput terminal 36 is within linmts of Vc Vth (Mhis a threshold -

vol tage of each of the FETs 44 and 45), no source current flows through the
FETs .44 and 45, and hence the input inpedance becones high. In case the

i nput "of the gate is open, any steady-s@28te current does not flow through
the FETs. 25 44 and 45. |If the input voltage of the input termnal 36 is
even slightly out of the Iimts of Vc [err] Vth, the FET 44 or 45

invention, since a current-input type gate hav1ng a low
impedance is used as a receiving gate, the wiring capacitance
CL and the gate inpuﬁ capacitance. CG can bé quickly charged}
and hence the transition time of a signal is rendered

5 remarkablj short. As a result, it is pcssible that even a
clock signal having a high frequency (short repetitive
period) passeséthrough a 1ong.conductive path in the CMOSJIC,
and so the perfbrmance.(operation speed or rate) of'the whoie
CMOS-IC chip.can be made high. In particular, the'poﬁer'”'

10 ‘consumption can be reduced to minimum by using, as a |
transmitting gate, a gate which oﬁtputs a current flow only
during the transition time of a SLgnal and as a rece1v1ng _

gate, a gate through whlch no steady-state current flows.
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-17- becomes conductive, and in response thereto, the output voltage of the
out put—terminat—42 appr oaches +VDD or -VSS. Since there are many cases that
Vth i o of the power supply voltage, the anplitude of the
voI ta‘mﬂm"ﬂm“hamm“Eut term nal 36 will conme to 20% or so of the power
supplys val tagen itude of thgevoltage is of such value, an

operation of sufficiently hlgh speed or.-rate is usually expected. Mre
particularly, it is possible to make the '

. WHAT IS CLAIMED IS: |
1. An integrated circuit of CMOS structure béing
characterized in that a current-input type gaté having a
remarkably'IOWQinput impedance is used as a'gate at the
receiving side.iﬁ respect to a signal'tfansmission path in
said integrated dirduit, said aurrent-ihpﬁt type gate
generatlng an. output voltage dependlng upon the magnltude of

an 1nput current.

2. The'inteérated circuit'of CMOS structure according to
claim 1, wherein said current-input type gate has its input
terminal which is-connected:to:a positive power supply
‘terminal through a first current Miller circuit constituted
by p-channel MOS-?ETS and cdnnected to a negative powet
'supply terminal through a second current Miller circuit

constituted by n-channel MOS+FETS.

3. The 1ntegrated 01rcu1t of CMOS structure accordlng to
claim 2, whereln said current—lnput type gate further
includes an inverter of CMOS structure the input end and the
outpﬁt eﬁd of which are'intarCOnnected, and ﬁhefein.the input
end of said inverter is connected to said input terminal and
respective ends of said inverter to.be connected to power -
supply terminals are connected to the input side of said
first cufrent Miller éircuit and the input side of said

segggg\current Miller circuit, respectively.

\\\\\\\\\\\\\\\
//ll/’///ll/////l/ // T




anmpl i tude of an Input voiiage a—strak|l val ue of about 2wvth, 10 and so a

si gnal can be'tra eing greatly affected by the mﬁring
capaci tance CL an mwm IEapacitance CG In other words, the
transition tine caw ere horted as conpared to the prior art.
Further, in practice, Vth differs betwee¥-a p-channel MOS. FET and an n- 15
channel MOS. FET. For the purpose of easy understanding, it is assunmed here
that Vth of a p-channel MOS.FET is equal to that of an n-channel - MOS. FET.

stead tate current flow zero and to nake the
ILp:ftLZedg?I{ﬁg &8|?§§§ gpt lSfircult of CMOS structure according to

claim 2, whereln the output end of.sald lnverter of CMOS
structure is connected to said input terminal; to the input
end of said inverter is supplied with the mid point petentiel
‘between the positive power supply voltage and the negative
power supply voltage, and respective ends-of said inverter to
be connected te power supply termihals are connected to the -
input side of said first current Miller circuit.and the input-

side of said second current Miller circuit, respectively.

5. The 1ntegrated 01rcu1t of CMOS structure accordlng to
_clalm 2, wherein an n—channel MOS- FET is inserted in series
between sa1d input terminal and the input side of said first
current Miller circuit, a potential-of.addition of the mid
point potential between said positive and negative power
supply voltages to a threshold voltage of said n-channel
.MOS-FET is applied to gate of said n-channel MOS-FET, a. p-
channel MOS FET is 1nserted in serles between said 1nput
terminal and the. 1nput 51de of said second current Mlller o
c1rcu1t, and a potential of subtraction of a threshold
voltage of said p-channel MOS-:FET ffom said mid point
potential between said positive and negatlve power supply

voltages is applied to gate of said p-channel MOS + FET.

6. The integrated circuit of CMOS structure according to
claim 1, wherein said current-input type gate comprises a

-differentiel amplifier an inverting input end of which is
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) tern1 6 snaller shown in Fig. 3B, gates of the FETs 44 and 45
are drsco Bﬂl,’”ﬂ’ ot her and gate of the FET 44 is supplied with Vc
+ Vth(n) ( niyi hol d vol tage of the n-channel FET 44) and gate
of the FET 45 is sufplfedwith Vc - Vth(p) (Vth(p) is a threshold vol tage
of 25 t he p-channel FET 45). |In this-28ate, since the FET 44 has its
gate supplied with Vc + Vth(n) and the FET 45 has its gate supplled with Ve
- Vth(p), if the potential of the input

connected to said input terminal, and a negative feedback
‘capacitor cOnnected betueen said inverting'input.end and an
output end of said differentiai amplifier, the mid point
potential of an input logical signal being applied to a non—,-

inverting input end of said differential amplifier.

7. The integrated circuit of CMOS structure according to
! . .
any one of claims 1 to 6, wherein a-gate at the transmitting
side in respect to said signal transmission path is a

current-output type gate.

8. The integrated circuit of CMOS- structure according to
claim 7, whereln said current-output type gate is an inverter
of CMOS structure.

9. ‘The integrated circuit of CMOS structure according.to
claim 7, wherein said current-output type gate is a gate
arranged such that an output end of an lnverter of CMOS
structure is grounded through a capac1tor, respectlve ends'of
'said inverter to be connected to power supplles are connected
to a positive power supply terminal through a flrst current
'Mlller circuit constituted by p-channel MQS-FETS and

_connected to a negative power supply terminal through a
second current Miller circuit constituted by n-channel
'MOS-FETs'respectively,-and the output ends of said first and
.second current Miller circuits are connected to said signal

transmission path.
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-18- . e lowered even slightly below Vc, a current flows
throug Cn the contrary, if the potential of the input termna
36 sho mmim even slightly over Vc, a current flows through the
FET 45. charge responsi ve type gate 31, a gate as shown in
Fi g. 3C may be used V\/ner ein an inverting9nput termnal of a differential
amplifier 48 is connected to the input termnal 36, its output termnal is
connected to the output term nal 42, a negative feedback capacitor 49 is
connected between the 10 output. termnal and the inverting input term nal
of the ' ' ' - : o

10. The integrated circuit of CMOS structure according
to claim 79, wherein a resistance element for maintaining a

current is connected in parallel with said capacitor.
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amplifier 48, and the md point voltage Vc is applied to a non-inverting
Lnput. termnal of the anplifier 48, the differential anplifier 48 having

hi gh-gain and wi de or ‘broad band and operating:at high speed or rate. 15
This-differential anplifier 48 integrates a current flowing into the input
ternmnal 36, and outputs an output vol tSfe which is proportional to the
integrated value and is inverted in polarity. As a result, if the potential
at the input termnal 36 should rise even slightly over Vb a rapid 20
charge of the capacitor 49 is effected by a negative feedback current SO as
to cancel the difference between thé¥¥%§§égg al -

In a ultra-large scale integrated circuit of CMOS
structure, high speed operationecan be performed without
being affected by the wiring capacitance and the gate input.
capacitance. A current-output type gate is used as a
transmitting gate 11, and a capacitor 54 is charged or
_dlscharged only during the transition time of a 31gnal. The
charge or discharge current is multiplied by current Miller
circuits 55, 56 to supply the current to a conductive path
15. A current-input type gate is used as a receiving gaté
31. .This gate 31 is arranged such that.the output and input
ends of an inverter 35 of CMOS structﬁre are_intérconnected,
respective ends of the inverter to be connected to power
supplies are connected to a positive power supply.terminal'lG
through the current Miller circuit of p—channel MoS?FETs 37,
39 and connected to'a'negative power sﬁpply'terminal 17
-through the_curreht Miller circuit of n-channel MOS-FETs 38,
41 respectively, and.the output ends 6f both the current |

Miller circuits are connected to the signal transmission path

i




of the input termnal 36 and Vc so that the output voltage at the output
termnal 42 is lowered. On the other hand, if the potential at the input
termnal 36 should fall even slightly 25 bel ow Ve, a rapid charge of the
capacitor 49 is effected by a negative feedback cufrent having the inverted
polarity so as to cancel the difference between the potential of the input
-19- termnal 36 and Vc so that the output voltage at the output
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termnal 42 is increased. Accordingly, the potential at the input term nal
36 is-maintained at Vc and the input inpedance becones substantially zero.
5 As descri bed above, since the differential anplifier 48 has high
gai n -and operates in w de-band, and noreover the input inpedance cones to
substantially zero, it can rapidly integrate an input current supplied to
the input termnal 36. Therefore, the wiring capacitance CL and the gate

i nput 10 capaci tance CG are quickly charged and the transition tine is
rendered very short so that high speed operation can be perforned. Further,
in order to neet the range of input
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vol tage of the succeeding stage, a circuit for linmting the anplitude of

t he output voltage may be connected to the 15 output termnal 42, if
necessary. The charge responsive type gates 31 shown in Figs. 2A and 2B

al ways consune the power.. In case the transmtting gate 11 is of the type
in which it outputs only a transient current, the current contributing to a
signal transmssion is 20 only a transient current flowing in transition
of a signal, and hence it is much preferred to arrange such that only the
transient current flows. Fig. 4 shows an internal circuit of the second
enbodi nent
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of the large scale integrated circuit of CMOS structure 25 according to
the ptesent invention, and illustrates a case arranged to flowonly a
transient current. In the second enbodi nent, as the transmtting gate 11, a
-20-"gate is used which has its circuit configuration sinmlar to that of

t he charge responsive type gate 31 that is the receiving gate shown in Fig.

2A. This transmtting gate 11
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. 9 U Vo éa -/
'COITDL’I ses an inverter 53 constltut ed by a p-channel NDS FET 5 51 and an

n- chan Shmaﬂs{n lacd P- channel MOS. FET 55 connect ed_be

tge ]E) C 51 and a power supply (p05| éﬁé&f%&ﬁﬁ;l
16 of +

nel MOS. FET 56 connected between source of the’
n- channel

and a power. supply (negative potential) term nal 10
17 of -VSS or ground or commo

_ otentj.al nal, and aZpl NOW%rigee MOS. FET
57 and an n-channel MOS. FET 5&Melr gates to gates of the

MOS. FETs 55 and 56 respectively. The input end, namely, gates connected in

cormon of the i.nverter {3 are, conn d.to the input terminal 14 and the
An mtecrateg circuit of (?{)I(%S structure

m&wwmma characterized in that
a current-input type gate having a remarkably low 1nput
impedance is used as a pecejving gate at the receiving side in respect
to said signal transmission path in said integrated circuit, said.
\“current-input type gate hammmw
. ' ] < - . el
generating an output gigngl g voltage magpitude of ﬂhi: DS

depending upon g currepf magnitudeof  gaid input
2. The integrated circuit of CMOS structure according to claim
1, wherein said current-input type gate has its input terminal which
1s connected to a positive power supply terminal through a first |

current - Zoirror circuit constituted by Wp'
channel MOS - FETSs and connected to a negative power supply

)

terminal through a second current

| mirror circuit constituted
by fixst.and second n-channel MOS-FETS_.

A

The integrated circuit of CMOS structure according to claim |

3.

2, wherein said current-input type gate further includes afirst
mverter of CMOS structure 1
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nanely drai hs connected in co are
conn ’wi ﬂ n potential point or gro[ﬁglpd@{\démﬂtﬁé“téiough a
capacist f t he p- channel MOS. FET 51 is cgnhei d98® the power
supply term nal 16 of +VDD t hr ough drai n-source of the p- channel MOS. FET
55, 20whjiehthroiritercnnidaed dwdeheben TEE Bphe epRhoeehed inferiier power
supply termnal 17 of -VSS through drain-source of the n-channel MOS. FET

56. ABetadte Gfid fieplSerknh dA5andedspangpgnect ed al so drain
and g?tsgt%? t he MOS. FEIT 5 i ntor %

are interconnecte Dr ai ns of FET 57

e .
and S8R d@rodas of SUKY PRVEAHCHIHEH #f€ t6Bweshe@cted toethapiwepd of the

supply terminals are connected to

. input side of said first current
mirror circuit and ~ input side of said second current

mirror circuit, respectively.

4. The integrated circuit of CMOS structure according to claim

2, wherein output end of said inverter of CMOS structure is

Y connected to said input terminal, input end of said inverter is

supplied with . a2 mid point potential between 2 positive
power supply voltage and |

respective

- 3 negative power supply voltage, and
. source electrodes of said inverter which arg to be
connected to the power supply terminals are connected to |

input
side of said first current .

mirror circuit and - ' input side of

said second current mirror circuit, respectively.

5. The integrated circuit of CMOS structure according to claim
-\_/' 2, wherein an n-channel MOS-FET is inserted in series between said
input terminal and the input side of said first current

miror
circuit, a potential of addition of

3 mid point potential between
said positive and negative power supply voltages to a threshold
voltage of said n-channel MOS-FET is applied to gate of said n-
channel MOS-FET, a p-channel MOS-FET is inserted in series

between said input terminal and the input side of said second current

IILror circuit, and a potential of subtraction of a threshold
voltage of said p-channel MOS-FET from said mid point potential

B
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*con 15 and sources thereof are connect ed to E ply
ter ‘Hﬁ l respectively:. In other _ N} ﬁf%ﬁgond
‘enmbo s of the inverter 53 to be connec r sour ces
are al so connected to input sides of a current m rror cl rcwt constituted

by th FETs 5 57 d a t
oynst; PEFwaSR S BRSITIE and inedad¥e Babekisinlit iolagss 1 dpptied
to gate of sald p-channel MOS-FET.

6. The integrated circuit of CMOS structure according to claim
1, wherein said current-input type gate comprises a differential
amplifier an inverting input end of which is connected to said input
terminal, and a negative feedback capacitor connected between said

inverting input end and an output end of said differential amplifier,

a mid point potential . petween said

_  hositive and negative power supply voltages being applied to a non-
inverting input end of said differential amplhifier.
7. 'The integrated circuit of CMOS structure according to any

one of claims 1 to 6, wherein a gate at the transmitting side in respect

to said signal transmission path is a current-output type gate.

8. The integrated circuit of CMOS structure according to claim

7, wherein said current-output type gate is a.second inverter of
o CMOS structure.

9. The integrated circuit of CMOS structure according to claim 7,
wherein said current-output type gate is a gate arranged such that an
output end of  fhe second inverter of CMOS structure is grounded

through a capacitor, respective ~ source electrodes of said gecond
inverter which are to be connected to power supply -

ferminals are connected to a positive power supply terminal through

a first current IRIXIor circuit constituted by p-channel

ect Has Been Re‘laced ’
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us it wil]l der st ood that the construction of this transmHéErig gat
“l u&ulﬁ Iel of the charge responsive t)REF@&A@EME i1g 2A
ut and output ends of the inverter i 888 connected

|n 10 common, and in place thereof, only the input ehd Is connected to

input Mggp @T@%ﬁ&%éﬂﬁe%&t‘é aeﬁgch%nfé’?aﬁgéxeghtﬁly‘ﬁ%‘iﬁ?‘{BP potent i al

or groun otential point rough t & capaci bove circuit
confi g¥habueh adadd tial at nbecones a
hi gher Fﬁéeght han Vc d]gl'&ﬁ%ﬁ?n d poi n%lﬁ q‘ﬁgl{% me%ﬂl{lﬁ@d bé(/\l/er suppl y
vol t a0t sl MOS-FETSs respectively, and output ends of said first

-and second current . mikror circuits are connected to said

signal transmission path.

10. The integrated circuit of CMOS structure according to claim
9. wherein a resistance element for maintaining a current is

connected in parallel with said capacitor.

11. An integrated circuit of CMOS structure capable of
tranemitting an input signal te be transmitted from a transmitting
side to a receiving side at high speed comprising:

a transmitting gate of CMOS structure provided in the
transmitting side;

a receiving gate of CMOS structure provided in the receiving

side; and
U a signal transmission path provided between the transmitting
gate and the receiving gate and having a substantial length with a
distributed capacitance; wherein
saild transmitting gate is capable of supplying said input signal to
be transmitted to the signal transmission path,
. said recelving gate receives said input signal of the transmitting
gate from the transmission path and
said receiving gate is formed of a current-input type gate having

a low input impedance in comparison to an equivé.lent output

s

et Has Been Reﬁaced
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aﬁd -VSS, a current fTows through the E 2 % citor 54 is-
char trode connected tﬁéﬁ.ﬁé N?ﬂ@"gé tive. The
cur ﬂ Qwi y ,I"H‘EEU plied by 20 the curr 1993 circuit constituted

t hereby generating a transi ent current on the
conductlve path 15, which acts to draw a current (IL) fromthe receiving

gate 31. . Wen tg% ransition.tinme of this curtent, signal end the current
t hr oudi§ SIHANGE0L the tansmaridng §ateyag4 eapamie ofnaking arwliagenat no
st eady- sta weg consunption occurs in the transmtti gat e. en the
potentm@lsrﬂguﬁt‘?eofﬁbﬁt Us Keepivedinpul signal su Qtantlaﬂy Zero an

hence making a current magnitude flowing in a load capacitance
including the distributed capacitance substantially zero to thereby

issue an output signal a voltage magnitude of which is responsive to a

current magnitude of said input signal.

12. The integrated circuit of CMOS structure according to claim
, 11, wherein said current-input type gate comprises:
~ an input terminal connected to the transmission path;

an output terminal from which said output signal is derived;

a first current mirror circuit having input and output ends and
constituted by first and second p-channel MOS-FETSs in such a
mannper that |

source electrodes of the first and second p-channel

MOS-FETSs are connected to a positive power supply terminal,
respectively,

- gate electrodes of the first and second p-channel MOS-FETs
v.
are connected together to form the input end of the first current
mirror circuit _and also connected to a drain electrode of the first p-

channel MOS-FET as well as the input terminal, and
a drain electrode of the second p-channel MOS-FET, which

forms the output end of the first current mirror circuit, is connected to
the output termmal. and

‘a second current mirror circuit havmg mput and output ends

and constituted by first and second n-channel MOS-FETs in such a
manner that |

heet Has Been Re laced :
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-22- b “‘“ \L\mt flows through the FET 51 so that the capacitor 54

IS chaﬂ‘““\m wcctrode connected to the FET 51 being positive. The
clrrent *signat i's multiplied by the current RERLAC T(@H&ﬁgt ed by
the FETs 55 and 57 5 t hereby supplying a curr tl(N he uctive
path 15, which flows tqQward the receiving gate hrough the conductive

path 15. In thi Souxee eleptroddseof thadirstoand second n-channel

MOS FETs are connected to a negative power supply terminal,
respectively,

gate electrodes of the first and second n-channel MOS-FETs
are connected together to form the input end of the second current
mirror circuit and also connected to a drain electrode of the first n-
channel MOS-FET as well as the input terminal, and

a drain electrode of the second n-channel MOS-FET, which

forms the output end of the second current mirror circuit, is connected
_ to the output terminal.

13. The integrated circuit of CMOS structure according to claim
12, wherein said current-input type gate further comprises:

a first inverter of CMOS structure having input and output ends
and constituted by a third p-channel MOS-FET and a third n-channel
MOS-FET:

wherein said first inverter is inserted between said input
terminal and the first and second current mirror circuits in such a

\_/ manner that
a gate electrode of the third p-channel MOS-FET and a gate
electrode of the third n-channel MOS-FET are connected together to
form the input end of said first inverter and also connected to the
input terminal,
a drain electrode of the third p-channel MOS-FET and a
drain electrode of the third n-channel MOS-FET are connected

together to form the output end of said first inverter and also

connected to the input terminal,

This Sheet Has Been Replaced
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- of rigenm (lghal ends, the current through the FETs of the
trEmIMt“u“I“ﬂmllmurso cones to zero sqy t &ﬁ& state power
*consunpti én Becurs in the transmtti ngﬁﬁ%ﬁ@i -E t he
transmtting gate 11 is used which is arrange at a current flows
only during the transition tine of a $ignal as discussed above, if a gate

of the type iB Soixge elentrade-of the third grchiimyel MOSIFETHs 15  gate, as

shown in Figs, 2A and 2B, is_used as the receiving charge responsive type

gat e gmnected todhehimput entdbofsaid fitst cirrent capawoit circaitflandd t he gate

I nput capaci tance CG are .discharged so that the signal output state of the
a source electrode of the third n-channel MOS-FET is

connected to the input end of said second current mirror circuit.

14. The integrated circuit of CMOS structure according to claim
12, wherein said current-input type gate further comprises:
a third n-channel MOS FET and a third p-channel MOS-FET
which are inserted between the input termina_l and the first and
\_ second current mirror circuits in such a manner that
a gate electrode of the third n-channel MOS-FET and a gate
“electrode of the third p-chémnel MOS-FET are connected together to
which a mid point potential between a positive power supply voltage
of the positive power supply terminal and a negative power supply
voltage of the negative power supply terminal is supplied,

a source electrode of the third n-channel MOS-FET and a
source electrode of the third p-channel MOS-FET are connected
together and also connected to the input terminal,

(Y a drain electrode of the third n-channel MOS-FET is
connected to the input end of the first current mirror circuit, and

a drain electrode of the third p-channel MOS -FET is

connected to the input end of the second current mirror circuit.

15. The integrated circuit of CMOS structure according to claim
12, wherein said current-input type gate further comprises:
a third n-channel MOS-FET inserted in series between said

input terminal and the input end of said first current mirror circuit in

This Sheet Has Been Re‘iiaced
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,;r ecei ving gate 11 cannot be naintai ned when the interval 20 bet ween

ﬂm”m ns of the signal on the input term naI 14 is long (the
Mﬂ"mmﬂch no current flows at all

uch case
shovvn i‘n K g" 4sby* dotted li nes, a resistance Réﬁﬁ:ﬂaﬁ @HEET“Q aS

a re5|stance el ement 61 nmay be connected in parall he
capaC|S:LtQ BAMINEBW, tm nute current through the resi g ‘Zrﬂﬂ\y E@nmt 61 for
mai nt ai ni ng the charged potentials of the capacitances,

a source electrode of the third n-channel MOS-FET is

connected to the input termmal,

a drain electrode of the third n-channel MOS-FET is
connected to the input end of the first current mirror circuit, and

a potential of a sum of a mid point potential between said

positive and negative power supply voltages and a threshold voltage
of said third n-channel MOS-FET is applied to a gate of said third n-
channel MOS-FET: and |

o/ a third p-channel MOS FET inserted in series between said
input terminal and the input end of said second current mirror circuit

in such a manner that

a source electrode of the third p-channel MOS-FET is
connected to the input terminal,

a drain eléctrode of the third p-channel MOS-FET is |
connected to the input end of the second current mirror circuit, and

a potential of a subtraction of a threshold voltage of said
third p-channel MOS-FET from said mid point potential between said

positive and negative power supply voltages is applied to a gate of
said third p-channel MOS-FET.

16. The integrated circuit of CMOS structure according to claim
11, wherein said current-input type gate comprises:

a differential amplifier having an inverting input end, a non-
inverting input end, and an output end; and

a negat:ive feedback capacitor; and
wherein

is Sheet Has Been R laced : _ .




‘thereby to retain the signal output state corresponding to the signal i nput
St at e“@uu “ Mmm nal 14 in respect to the REPL |EW§HEE:FS
resis Ak may be one through which a mni C can flow
so that the 5 signal output state can be retained in any tine duration
other than the transition time. In case a gate of = the type in which any
st eady- st as@lgUnverting 1aput eaddgconnected tosaiddnpubterminalh t he gat e,
as shown in Figs. 3A and 3B, is used as the receiving 10 char ge
r esponsi ve sajgenggativeifeadhack sapacitomis ganaeetedrbetween sai

inverting input end and said output end, and
a mid point potential between a positive power supply voltage of
the positive power supply terminal and a negative power supply

voltage of the negative power supply terminal is supplied to said non-

inverting input end of said differential amplifier.

17. The integrated circuit of CMOS structure according to any

\_ one of claims 11 to 16, wherein said transmitting gate is formed of a

current-output type gate.

18. The integrated circuit of CMOS structure according to claim
17, wherein said current-output type gate comprises:
a second inverter of CMOS structure having input and output

ends thereof and constituted by a fourth p-channel MOS-FET and a
fourth n- chappel MOS-FET in such a manner that '

a gate electrode of the fourth p-channel MOS-FET and a gate
 electrode of the fourth n-channel MOS-FET are connected together to

form said input end of said second inverter to which said input signal
to be transmitted is applied,

a drain electrode of the fourth p-channel MOS-FET and a
drain electrode of the fourth n-channel MOS-FET are connected
together to form said output end of said secdnd inverter and connected |
to said signal transmission path,

a source electrode of said_ fourth p-channel MOS-FET is

~ connected to the positive power supply terminal, and

This Sheet Has
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1ns s tne replacemerii Stcet
ln Fig. 4 can be used. However, if it is difficult to(é&tain t he i nput
p‘otenum"mllulmsm] e responsive type gate 31 giti r NOV 1988 a | ong
time E"ane of a mnute | eakage current, as previously
menti ohedS & rdsistamce 15 elenent is connected in parallel with the

capacitor 54 in case a signal to_be transnjtted does_ not change for a |ong
tinme. In case th&OBKES e?@%}@fﬁ&é;fgbl% t’é'&mel MQSJFQE 0§ s used as
t he receivi n%gahar e responsive type gate 31, it 20 I S unnecessary in

this c&eanestediqthe Nagative power wipply termanali el with the capacitor 54
so that a current can flow

19. The integrated circuit of CMOS structure according to claim

17, wherein said current-output type gate comprises:
a second inverter of CMOS structure having input and output

ends thereof and constituted by a fourth p-channel MOS-FET and a
fourth n-channel MOS - FET in such a manner that |
gate electrodes of the fourth p-channel MOS-FET and the
. fourth n-channel MOS-FET are connected together to form the input

end of said second inverter to which said input signal to be

transmitted is applied,

- drain electrodes of the fourth p-channel MOS-FET and the
fourth n-channel MOS-FET are connected together and grounded
through a capacitor; and

a third current mirror circuit having input and output ends and
constituted by fifth and sixth p-channel MOS-FETSs in such a manner
that | .

U source electrodes of the fifth and sixth p-channel MOS-FETs

are connected to a positive power supply terminal, respectively,

gate electrodés of the fifth and sixth p-channel MOS-FETs
are connected together to form the input end of the third current
mirror circuit and also connected to a drain electrode of the fifth p-
channel MOS-FET as well as the sourc'e. electrode of the fourth p-
channel MOS-FET of said second inverfer, and

a drain electrode of the sixth p-channel MOS-FET, which
forms the output end of the third current mirror circuit, is connected

to the signal transmission path; and

This Sheet Has Been Rem a
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X-hrough the reﬂ“mﬂ\!&“‘““mm“‘for mai nt ai ni ng the charged potential s of
the capacitanc ® case that a signal t Eﬂizo
change for a long time, though it is 25 depe ggz§G§F§Sé?ﬂ akage
current of the differential anpllfler 48. Further, inktc e

of the
type in whi

te - state ,current, flows t,hr ough t he, gat as
shown in ER ouftﬁ1 gunyent mlrror ciréuit having input and outgut ends'an

constituted by fifth and sixth n-channel MOS-FETSs in such a manner
that

source electrodes of the fifth and sixth n-channel MOS-FETs
are connected to a negative power supply terminal, respectively,

gate electrodes of the fifth and sixth n-channel MOS-FETs
are connected together to form the input end of the fourth current
mirror circuit and also connected to drain electrode of the fifth n-
channel MOS-FET as well as the source electrode of the fourth n-

o channel MOS-FET of said seéond invertér, and
- a drain electrode of the sixth n-channel MOS-FET, which

forms the output end of the fourth current mirror circuit, is connected

to the signal transmission path.

20. The integrated circuit of CMOS structure according to claim

19, wherein a resistance element is connected in parallel with said
capacitor. '

This Sheet Has Been Reﬁlaced
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TECANICAT, FIELD

Tﬁe present invention relates to an integrated circuit
(IC) having a multiplicity of CMOSs (Complementary Metal-
Oxide Semiconductors) formed therein, and more particularlye
to an improvement in a signal transmission path or line in a

ULSI (Ultra-Large Scale Integrated Circuit) of CMOS.

- BACKGROUND ART

as is well known, semiconductor elements, logical
circuits and the like formed as an LSI (Large Scale
Integrated Circuit) are electrically connected in a
predetermined manner by wiring. Likewise, in a ULSI having a
multiplicity of CMOés formed therein, CMOSs, logical
circuits of CMOSs, and the like are electrically connected in

a predetermined manner by wiring. Such wirihg may be often

formed by conductive paths or conductors of a predetermined

pattern formed, for exampie, on the surface of an integrated
circuit. . -
Fig. 6 shows an iniernal circuit of a conventional ULSI
of CMOSs. In this example, thgre is shown a case in:Which a
gate 11 of one CMOS at a transﬁitting'side (hereinafxg;,'
referred to as transmitting gate) and é gate 18 of one CMOS
at a receiving side (hereiﬁafter,'referred to as receiving

gate) are electrically connected through a signéi

transmission path which is conductive path or conductor 15 in

ABS A (8~ F
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of gransnitting current-output type gates 63 are connected to the '
conductive path 15, and in addition, a plurality of 15 r eCgy

current-input type gates 64 are connected to the conductive ﬂgﬁﬁeg¥ENFé“E5§
using the conductive path 15 as a bus. PRarticularly,-if as the 2000
current-output type gate 63 is used the™ransition current out ué ﬁﬂue
which outputs a current only during the transition time as shown in Fig. 4
20 and as the current-input type gate 64 is used the charge responsive
type gate through which no steady-state current flows as shown in Figs. 3A
and 3B, N0 CUpEnlo e NBBYANoE "end Uit Y yate 19 BHE the

st eady-st at e, Hrd
receiving gate 18 are constituted, in this example, by CMOS

inverters (each inverter is constituted by a CMOS),
respectively.

5 - The transmitting gate 11 comprises a p-channel MOS-FET
(MOS Field Effect Tramsistor) 12 and a n-channel MOS-FET 13
in which both gates thereof are connected with each other aﬁd

connected to an input terminal 14, both drains thereof are

~ connected with each other and connected to one end (input
10 end) of the conducﬁive péth 15, source of the p-channel
'MOS-FET 12 is cbnnécted to a'power supply terminal.ls of +VDD
(a positive.voltage), and éource of the n-channel MOS-FET 13 .
is connected to a power supply terminal 17 of -VSS (a
negative voltage). Source of the n-channel MDs-FﬁT 13 may be
15 connected to a common electric potential point or ground
potential point. |
Oon the other hand, the receiving gate 18 comprises a p-
L channel MOS+FET 21 and a n-channel MOS:-FET 22 in which both

gates thereof are conmected with each other and connected to
20 an input termina1.23,4both drains thereof are connected with
each other and'connectéd to an output terminal (not shown),
source of the p-channel MOS-FE? 21 is connected to the power
supply terminal 16 of +VDD, and source of the n—chan;21
MOS:FET 22 is connected to the power supply terminal.i% of
25 -vSS. The other end (output end) of the conductive path 15

is connected to the input terminal 23.

In such circuit configuration, since there inevitably



not required to set the current-output type gate 63 in high 25 i ed%%ﬁe
state (inhibit, state). Consequently, the control circuit ; Eggrﬂﬂ |

of timng therefor are not needed. As described above, in accordance with

t he present -25- invention, since a gurrent-input type gaﬁf hiﬁ&ggmﬂ | oW
i npedance is used as a receiving gate, Phe wiring capacitanc éL t he
gate input capacitance CG can be quickly charged,

exist a distributed_capacity.CL (shown by broken line) of the
conductive path 15 and an input.capacity CG (also shown by
broken line) of the receiving gate 18, when a signal is
transmitted from the transmitting gate 11 to the receiving

5 gate 18 through the conductive path 15, the distributed
capacity CL of the conductive path 15 and the input capacity
CG of the receiving gate 18 will be charged by this signal.
Assuming that an equivalent output resistance of the
transmitting gate 11 is Rg, the transition time in waveform

10 of a voltage inputted to the receiving gate 18 is equal to
Rg x (CL + CG). '

In reality, the transifion time is also affected by a
distributed resistance of the conductive path 15, but usually
the equivalent output resistance Rp is dominative over this

15 distributed resistance and hence the influence of the
distributed resistance is omitted herein. In addition, the
equivalent output resistance Rp has a nature of non-linearity
so that the resistance value can be varied with change of the
voltage. However, for clarity of the explanation, such

20 characteristic is ign9red herein. _

Recently, ICs are growing in density of integration and
degree of scale thereof highérrand larger, and the size of an
Ic'chip is also increasing more and more. For exampE;; as
shown in Fig. 7, there is not rare a ULSI in which thé-length

25 of one side of its chip 24 is longer than 15 mm. In such
large IC chip, wiring or conductive paths connecting

circuits, elements, and the like formed in the IC chip with



igd h@ncelthe transition time of a signal is rendered 5 renmarkably short.

s a result, it is possible that even a clock signal havin ' -
frequency (short repetitive period) passes through a |ong goﬂﬁ%@ﬂﬁ%@”ﬂésﬂffr
in the CMOS. I C, and so the performance (operation speed or rat 4pf Nhﬂ)
whol e CMOS: I C chip can be made high. Imdparticul ar, the power %% Ju 00
consunption can be reduced to m ninum by using,- as a transmtting gate, a
gate which outputs a current flow only during the transition tinme of a

signal and, as a receiving gate, a gate through which no steady-state

current fl ows. ) . . .
one another become long in their lengths; and there appears a

conductive path which is longer than 20 mm. In an estimation
of some ULSI, tﬁe number of conductive paths larger than 20
mm has become more than 5% of the total number of conducfive
5 paths. |
Fig. 7 shows an example of the internal circuits of a '
conventional ULSI of CMOSs. It diagrammatically illustrates
a multiplicity of gates, and wiring connecting therebetween,
namely, conductive paths 25, 26 and 27. As shown, in
10 addition to the conductive path 25 having a comparatively
short length (206 um or so), there are the conductive path 26
being a very long (larger than 20 mm) and the conductive path
27 which is a very long (larger than 20 mm) and has a
plurality of gates as its loads. Such conductive path 27 is
15 used in distributing a clock signal or transmitting a bus
signa;, and these signals affect the whole performance
(operation speed or rate) of the IC chip, namely, ULSI.
W In Fig. 7, in case that a step waveform is transmitted
from transmitting gates (three gates at left side in the
20 drawing) to .corresponding receiving gates through the
respective conductive baths 25, 26 and 27, the input
waveforms at the receiving gates are as shown in Fig. BA by
curves 25a, 26a and 27a, respectively} and in case tﬁzg.én
‘impulse is transmitted from the transmitting gates to éhe
25 corresponding receiving gates through the respective
conductive paths 25, 26 and 27, the input waveforms at the

receiving gateé are as shown in Fig. 8B by curves 25b, 26b



-26- THE CLAIM5S 1. An integrated circuit of CMOS structures capable of
transmtti ng an input signal to be transmtted froma transrnqu \Mﬂﬂé HEET
through a signal transm ssion path to a receiving side at hi speed sai d
integrated circuit being characterized in that a current-input q] 2600
having a renarkably | ow input |npedance5Ts used as a receiving ‘g? t he
receiving side in respect to said signal transm ssion path in sald
integrated circuit, said '

and 27b, respecﬁively. As is apparent from these waveforms,
owing to that the longer conductive éaths 26 and 27 have very
long ‘transition times respectively as compared with the short
conductive path 25, the’propagation delay-times of the

5 conductive paths 26 and 27 are remarkably long in respect to
the step response thereof and in respéct to the pulse
response thereof, if the pulse width is shott, the pulse is

disappeared. As a result, -a clock signal having a high

frequency (a short repetitive period) cannot pass through a
10 conducfive path of long distance. In‘othe: words, there is
an important drawbadk that the performance (operation speed
or rate) of the whole IC chip cannot be made high.
In-addition,‘in order to increase the density of
integration of an IC and to reduce the power consumption of
15 an IC more and more, miniaturization of a CMOS is growing and
the operation speed of an unity gate is improved. However,
- the equivalent output resistance Rp becomes high and the
U " distributed capacity of wiring per unit length tends to

rather increase than is unchaﬁged. Consequenily, the
20 transition time is further long, resulting in a shortcoming
that the operation speéd of the IC chip is limited more and
nore. .
In view of such dlsadvantages, recently, 1n order to
improve the throughput of wiring in an IC Chlp, a method of
25 transmitting a signal in an IC chip using light has been

researched or studied. However, it is necessary that light

emitting elements and light receiving elements of compound



current input type gate having a | ow input inpedance in conparg u&o
equi val ent out put resistance of the transmtting side whereby %Zﬁg tZ@@ an

out put signal a voltage nmagnitude of which is dependi ng upo

magni tude of said input signal. 2. The integrated circuit oﬁEmFLQe
according to claiml, wherein said curr@nt-input type gate has its input
termnal which is connected to a positi-ve power supply term nal through a

first current mrror circuit constituted by first and second p-channel
MOS. FETs and connected to a negative power supply term nal through a second

current m rror glrcy L Sonstit Wy ol 5h 309:888°8F 4-SLRIBS M FETS
chip and that an optical waveguide is constituted separately
of an electrical wiring layer. Therefore, it is difficult at
presen£ to implement such optical signal transmission method,
5 and even if such method should be implemented, vast increases

in size and cost are estimated.

DISCLOSIIIQ OF THE INVENTION
An object of the present invention is to provide a large
10 . scale intégraﬁed circuit of CMOS structure in which a signal
can be transmitted therein at high speed or rate.

In the present invention, in order to attain the above
object, there is provided an integrated circuit of CMOS
structure which is characterized in that a current-input type

15 gate having a remarkably low input impedance‘is used as a
gate at the receiving side in respect to a signal
transmission path in the integrated circuit, the current-

(o input type gate generating an output voltage depending upon
the magnitude of an input current.

20 In a preferred empodiment,'the current-input type gate

“has its input terminal‘which is connected to a positive power
supply terminal through a first current mirror circuit
constituted by p-channel. MOS-FETs and connected to aﬂ;égative
power supply £ermina1 through a second current Mirror circuit

25 constituted by n-channel MOS-FETs. |

In a first modification, the current-input type gate

further includes an inverter of CMOS structure the input end



3. The integrated circuit of ‘CMOS structure according to claim2, wherein
said current-i.nput type gate further includes a first inverter of CMOS
structure input end and output end of -27- which are |nterconn gﬂ
and whereip the input end of said inverter is connected to EMéN? EET
term nal and respective source el ectrodéS of said inverter mhl ﬂm 2ﬁyp
connected to the power supply tern1na|s are connected to input? ai d
flrst current mrror

and the output end of which are interconnected, and wherein

the input end of the inverter is connected to the input

terminal and respective ends of the inverter to be connected

to power supply terminals are connected to the input side of
5 the first current mirror circuit and the input side of the

second current Mirror circuit, respectively.

In a second modification, the current-input type gate is
arrangeq such tﬁat the output end of the inverter of CMOS
structure is connected to the input terminal, to the input

10 .end of the inverter is supplied'with the mid'point potential
between the positive'power_suppiy voltage and the negative
power supply voltage, and iespective ends of the invertér to
be coﬁnected to power supply'terminals are connected to the
ihput side of the first current mirror circuit and the input

15 side of the second current Mirror circuit, respectively.

' In a third modifiéation, the current-input type gate
includes an n-channel MOS<FET inserted in series between the

U  input terminal and the input'side of the first current mirror

circuit, and a p-channel MOS-FET inserted in series between
20 the input terminal and the input side of the second current
mirror circuit, -and a potentlal of addltlon of the mid point

potential between the positive_and negative power supply
voltages to a threshold voltage of the n~channel MOSHEET is
applied to gate of the n-channel MOS-FET, a potential of

25 subtraction of a threshold voltage of the p-channel MOS-:FET
from the mid point potential between the positive and

negative power supply voltages being applied to gate of the.



circuit and input side of said second current mrror circuit,

termnal, input end of said i nverter is suppl-ied with a nm dRgBPACE
bet ween-a positive power supply vol tage-&nd a negative power supp

respectively.
4. The integrated.circuit of CMOS structure according to claim2, wherein
out put end of said inverter of CMOS structure is connected to sai d I nput

vol tage, and respective source el ectrodes of said inverter whgch

connected to the power supply termnals are connected to inpu

Si

I\AEN?T SHEER
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e of said

first current mrror circuit and input side of sald second current n1rror

r r |
circuit, eSpg?Cthaer’néi MOS+FET.

In another preferred embodiment, the current-input type

gate comprises a differential amplifier an inverting input

end of which is connected to the input terminal, and a

5 negative feedback capacitor connected between the inverting

input end and an output end of the differential amplifier,

the mid point potential of an input logical signal being

amplifier.

applied to a non-inverting input end of the differential

10  In each of the embodiments and each of the modlflcatlons,

a gate at the transmlttlng 51de in respect to the signal

transmission path is a current-output type gate, and it is

preferred that this current-output type gate is an inverter

of CMOS structure.

is In a further embodiment, the current-output type gate is

a gate arranged such that an output end of an inverter of

CMOS structure is grounded through a capacitor, respective.

ends of the inverter to be connected to power supplies are

connected to a positive power supply terminal through a first

20 current Mirror circuit constituted by p-channel MOS-FETs and

connected to a negative power supply terminal through a

second current Mirror circuit constituted by n-channel

MOS-FETs respectively, and the output'ends of the fi;éé and

second current MIrror circuits are connected to the signal

25 transmission path. Further, a resistance element for

maintaining a current may be connected in parallel with the

capacitor.



5. The integrated circuit of CMOS structure according to claim 2, mhereind
an n-channel MOS FET is inserted in series between said input ternlnal an
the input side of said first current mirror circuit, a poteBEPLACEMENT SHEET

addition of a md point potentlal bet ween sai d p03|t|ve and ne%E4lve power
supply voltages to a threshol d vol tage ¥ said n- channel

applied to gate of said n-channel MOS FET, a p- channel MOS FET is |nserted
in series between said input terninal and the input side of said second
current mrror circuit, and a potential of subtraction of a threshold

voltage of said phgnngly MSehETcbhomeal ¢k ARG b RIS h8hention as
mentioned above, since a current-input type gate having a low
impedance is used as a receiving gate, the wiring capacitance
CL and the gate input_capacitance CG can be rapidly charged,
5 and hence the transition time of a signal is rendered
remarkably short. As a result, it is possible that even a
clock signal having a high frequency (short repeﬁitive

period)'passes through a long conductive path in the CMOS-:IC,

~ and so the performance (operation speed or rate) of the whole
10 . cMOS-IC chip can be made high;
BRIE ESCRIPTION OF THE WINGS
. Fig. 1 is a schematic diagram showing an internalicircuit
of a first emquiment of the large scale integrated circuit
15 of CMOS structure according to the present invention;
Figs. 2A and 2B are schematic diagrams showing two
electric circuits of the charge responsive type gate shown.in
\_ Fig. 1, respectively;

Fig. 3A, 3B and 3C are schematic diagrams showing three
20 electric circuits of the charge responsive type gate in which
a steady-state current‘can be zero;

Fig. 4 is a schematic diagram showing an internai circuit
of a second embodiment of the large scale 1ntegrated c1rcu1t
of CMOS structure according to the present invention:

25 - PFig. 5 is a block diagram showing an internal circuit of
a third embodiment of the large scale integrated circuit of

CMOS structure according to the present invention;



28- between said positive and; negative power supply voltages is applied to
gate of said p-channel MOS. FET. 6. The integrated circuit of CMOS structure

according to cl-aim 1, wherein said current-input type gat eRERIABEMENS SHEET
differential anplifier an inverting input end of which is conpected to said
input terninal, and a negative feedbackl@apacitor connected bét

i.nverting input end and an output end of said differenti al anpllfler amd
poi nt potential between said positive and negative power

-'Fig. 6 a schematic diagram showing an example of the
internal circuits of a conventional large scale integrated
-circuit of CMOS structure;

' .Fig. 7 is a diagrammatical illustration showing éignal .
5 transmission paths of various lengths in a.conventioﬁal large
scale intégrated circuit of CMOS structure; and
Figs. 8A and 8B are waveforms showing responses of a
receivipg gate when a step waveform and-an impulse are |
transmitted through the transmission paths of various lengths

10 shown in Fig. 7, respectively.

BEST MODES FOR YING OU':[' . NTION

Now, some embodiments of the present invention will be
described in detail witﬂ reference to Figs. 1 to 5.

15 Fig. 1 shows an internal circuit of the first embodiment
of the large scale integrated circuit of CMOS structure
according to the present invention. In the foliowing,
portions and elements in Figs. 1 to 5 corresponding to those
in Fig. 6 are denoted by the same reference characters as

20 those in Fig. 6, and the explanations thereof are omitted
unless necessary. ‘

In the first embodiment . @ transmitting éate 11 is also
constituted as an inverter comprlslng a p-channel MOEMEET 12
and an n-channel MOS- FET 13, and has the same conflguratlon

25 as that of the conventional transmitting gate 11 shown in

Fig. 6. Accordingly, the explanation thereof is omitted.

A receiving gate 31 connected to the output end of a



supply vol tages being applied to a non-inverting input end of said
differential anplifier. 7. The integrated circuit of CMOS structure
according to any one of clains 1 to 6, wherein a gate at t@ﬁ mﬁéwﬂ
side in respect to said signal transm ssion path is a curr F .
gate. 8. The integrated circuit of CM¥1structure accordi nggq

wherein said current-output type. gate is a second inverter of

structure. 9. The integrated circuit of CMOS structure accordlng to claim

7, wherein said current-output type gate is a gate arranged such that an

Lnverter tructure i s grounded
out put end qéoﬁ ‘%€¥%£“B%th OF Egnductor sfbna transmléglon path) 15 is

‘constituted as a gate 31 which is of a current-input type and
having a low input impedance (hereinafter, referred to as
charge responsive type gate). The input impedancg Rin of

5 this charge responsive type gate 31 is sufficiently low as
compared to fhe equivalent output resistance Rg of the
transmitting gate 11. As a result, the charge responsive
type gate 31 acts to make the amplitude of an input voitage
substantially zero and hence to make a current flowing in the

10 load capacitance substantially zero thereby generating an
output voltage depending on an inpu; current.

An example of the circuit diagrams of the charge
responsive type gate 31 is shown in Fig. 2A. This charge
responsive type gate 31 comprises an inverter 35 constituted

15 by a p-chanhel MOS-FET 33 and an n-channel MOS-FET 34, a p-
channel MOS-FET 37 connected between source éf the p-channel
MOS:FET 33 and a power supply terminal 16 of +VDD, an n—l
U/ channel MOS:-FET 38 connected between source of the n~channel
MOS-FET 34 and a power supply terminal 17 of -VSS or ground
20 potential terminal, and a p-channel MOS-FET 39 and.an n-
channel MOS-:FET 41 conﬁected in their gates to gates of the
MOS+FETs 37 and 38 respectively. ‘ '

The input end (gates connected in common) and tﬂzﬁgptput

end (drains connected in common) of the inverter 35 aré
25 interconnected and are connected to an input terminal 36.
Source of the p-channel MOS-FET 33 is connected to the power

supply terminal 16 of +VDD through drain-source of the p-



through a capacitor, respective source el ectrodes of said second inverter
whi ch are.to be connected to power supply termnals are connected to a
positive power- supply terminal through a first current m rgrefass '
constituted by p-channel '-29- MOS. FETs and connect ed toHEg[ﬁ%gﬁH/§H5%rl\er
supply terninal through a second curr<t® nirror circuit contétJiNe 0y

n- channel MOS. FETs respectively, and output ends of said first and second

5
\_/
10
15
U/
20
25

channel MOS-FET 37, and source of the n-channel MOS.FET 34 is
connected to the power supply terminal 17 of ~VSS or ground
potential terminal through drain-source of the n-channel
MOS-FET 38. Drain and gate of the MOS-FET 37 are
interconnected, and_also drain and gate of the MOS-FET 38 are
interconnected. Drains of the MOS-FET 39 and 41 are
interconnected and are connected to an output terminal 42,

and sources thereof are connected to the power supply

terminals 16 and 17, respectiVely. In other words, both ends

of the inverter 35 to be connected to power sources’are
connected:to input sides of a current mirror circuit
constituted by the p-channél MDS-FETS 37, 3% and a current
mirror circuit constituted by the n-channel MOS-FETs 38, 41
respectively. _

In accordance with the arrangement discussed above, since
the input end and the output end of the inverter 35 are
short-circuited, the impedance Rin as has seen from the input
terminal 36 is very low, and thé potential of the ihput
terminél 36 comes to substantially one at the mid point of
+VDD and -VSS (or 0 V); That is, the potential of the input
terminal 36 becomes the threshold voltage of the inverter 35,
namely, the input voltage by w?ich the outpuf lbgic of the
inverter 35 is inverted, and both the'Mos-FETs 33 angﬁég are
self~-biased in beﬁween drain and source of each of théﬁ by
this threshold Qoltage, respectively.

As described above, since the potential of the input

terminal 36 is one by which the inverter 35 is inverted, the



current mirror circuits are connected to said signal transm ssion path. 10.
The integrated circuit of CMOS structure according to claim?9, wherein a
resi stance elefrent for maintaining a current is connected in parallel with

said capacitor. 11. "An integrated circy,t of CMOS structur ﬁ@
transmtting an input signal to be tramsmtted froma trangﬂﬁﬁﬁﬁ EﬂfégEEB
a receiving side at high speed conprising: a transmtting gatﬁggfdﬁﬂgﬁmn

structure provided in the transmtting side; a receiving gate
structure provided in the receiving side

impedance between drain and source of each of the MOS-FETs 33
and 34 is remarkably low, and the impedance of the input
terminal 36 is a value of paraliel connected impedances
between érains and sources of the MDS'?ETS.33 and 34 and

5 hence is the lowest value. In_addiﬁibn, due to the effect of _
the negétive feedback, the impedance of the input terminal 36
is further lowered, and yet, if it will depart from the
lowest'?mpedance point, an action exerts thereon for
retﬁrning back to the 1owest.impedance point.

10 Mpreover,'the'ﬁos4Fﬁis'37 and 39 form-a:cutrent mirror
circuit and also the_MOS-EETs'Qa and 41 form a current mirror
circuit. The input impedance of the current mirror circuit
of the MOS-FETs 37 and 39, namely, the impedance of drain of
the MOS-FET 37 is set to be equal to the input impedance of

15 the current mirror circuit of the MbSnFETs 38 and 41, namely,
the impedance of drain of the MOS-FET 38. In addition, it is
designed that ratio of beta (B) of the FET 33 to that of the
FET 34 is 1:1 and the threshold voltages of both the FETs 33
and 34 are equal to each other. Consequently, the voltage of

20 the input_tetminal 36;just becomes the mid point of the power
supply voltages +VDD ahd -VSS.

Further, the illustrated gate circuit has a stea&y—state
current flow passing through the FETs 33, 34, 37 andwgﬁ even
if the input -of the gate circuit is open. Therefore, in view.

. 25 of reducing the power consumption, it is desired that sizes
of the FETs 33, 34, 37 anq 38, that is, gate widths thereof

are decreased. In practice, the gate widths of the FETs 33,



and having a | oad capaitance: and a signal transm ssion path provided
between the transmtting gate and the receiving gate and havBEE_AEEMENT SHEET
substantial length with a distributed capacitance; wherein sal 4 JUN 2000
transmtting gate is capable ‘of supplying said input signal to Pe
transnmtted to the signal transm ssionridath, said receiving gate receives
said input signal of the transmtting gate from.the transm ssion path and
said receiving gate is formed of a current-input type gate having a | ow

I nput i npedance in conparison to an equival ent out put

34, 37 and 38 are determined based on a trade-off between the
power consumption and the operation speed or rate.

A current flowing from ﬁhe-transmitting gate 11 to the
input terminal 36 all of it passes through the FET 37 or 38

5 of the curren£ mirror circuit and hence the impedance as seen
from the FET 53 or 34 toward the FET 37 or 38 is very low
because of the current inpﬁt. In this case, when a current |
flows fFom the transmitting gate 11 toward the input terminal
36 (see IH in Fig. 1), it flows through the FET 38, and when

10 a curreht flows from the input terminal 36 toward the
transmitting gate 11 (see IL in Fig. 1), it flows fhrough the
FET 37. At that time, a current flows through the FET 39 or
41 and a difference between thé current flows through the FET
39 and the FET 41 is proportional to the diffe;ence between

15 the current flows through the FET 37 and the FET 38. In case
the current flow throuéh the FET 39 is larger than that
through the FET 41, the pbten£ia1 of the output terminal 42

\ rises to about +VDD. On the contrary, in case the current
flow through the FET 41 is larger than that through the FET

20 39, the potential of the output termlnal 42 falls to about
-VSS . _

Since the charge responsiyg type gate 31 shown in Fig. 1
has. a remarkably low input impedénce Rin as describe&ﬁgpove,
the distributed capacity CL of the conductive path 15 zﬁiring

25 capacitance) and the input capacity CG of the gate 31 are
both in substantially short-circuited state by such very low

input impedance of the gate 31. As a result, it is hardly



30 - resistance of the transmtting gate and capable of making a voltage
magni t ude of the thus received input signal across the |ow input inpedance

t hereof substantially zero and hence nmaking a current nagnitﬁgﬁg@gﬂﬁﬁf%ykﬁr

t he | oad capacitance including the distributed capacitance s

zero to thereby issue an out put signar1§rvoltage magni t ude of 2h4g#}
responsive to a current nagnitude of said input signal. 12. The i1 ntegrated
circuit of CMOS structure according to claim

necessary that a signal outputted from the transmitting gate
11 charges the wiring capacitance CL and the gate input
capacitance CG, and the transition timé.is'very short. 1In
other words, a change of the signal outputted from the
5 transmitting gate 11 is transmitted to the input terminal 36
. of the receiving gate 31 at high speed. In addition, if the
output of the transmitting gate 11 comes to a high level, in
the exagple shown in Fig. 2A, the potential of the output
terminal 42 éf the receiving gate 31 reaches about -VSS, and
.10 if the output of the transmit£ing gate 11 comes to a low
level, thé potential of.the output terminal 42 of the
receiQing gate 31 reaches about +VDD. Accordingly, the
output of the transmitting gate 11 is inverted and the
inverted output appears at the output terminal 42 of the
15 receiving gate 3l.
As the charge responsive type gate 31, a gate as shown in
Fig. 2B may be used wherein the inverter 35 shown in Fig. 2A
is omitted and the input terminal 36 is directly connected to
drain of the FET 37 and drain of the FET 38. In this first
20 modification of the charge responsive type gate 31, the
potential of the inputjterminal 36 becomes a potential at the

mid point between +VDD and -VSS and it is a current imput to

both the current mirror circuits, and therefore the input

" impedance is low. As a result, similar functional effects to
25 the charge responsive type gate circuit shown in Fig. 2A can
be obtained. In this case, the input impedance of the charge

responsive type gate circuit shown in Fig. 2B is higher than



il, wherein said current-input type gate conprises: an input termna
connected-to the transm ssion path; an output term nal from which said

out put signal ‘is derived; a first current mrror circuit ha tmﬁkm
out put ends and constituted by first and second p-channel Nébﬂéﬁ
a manner that source el ectrodes of thel6+rst and second p-cha JURSZ008 Ts
are connected to a positive power supply termnal, respectively, gate

el ectrodes of the first and second p-channel MOS FETs are connected
together to formthe input end of the first current

that of the charge responsive type gate circuit shown in Fig.
- 2A and also a current flowing through the FETs in steady-
state in Fig. 2B is larger than that in Fig..ZA. However, an
advantage is obtained from the charge responsive type gate
5 circuit of Eng 2B that the number of eleménts, namely, FETs
is smailer than that of the charge responsive type gate
circuit of Fig. 2A.
Fig. 3A shows a second modification of the charge
responsive type gate 31. This second modification includes
10 an n-channel MOS;FET'44 and a p-channel MOS-FET 45 in place
of the inverter 35 ih_Fig. 2a, and is arranged such that
sources of thé MbS-FETs 44 and 35 are connected to the input
terminal 36, gates thereof'are connected to a-terﬁinal 46,
drains thereof are connected to corresponding drains of the
15 MOS-FETs 37 and 38 respectively, and a potential Vc at the
mid point between the.pcwer supply terminal 16 of +VDD and
tﬁe power supply terminal 17 of -VSS is applied to the
W terminal 46.
In the above circuit configuration; if the poten;ial of
zd the input terminal 3641é within limits of V¢ & Vth (Vth is a
threshold voltage of eéch of the FETs 44 and 45), no source
current flows thrbugh the FETs;44 and 45} and hence the input
impedance becomes high. In case the input.of the'gagg";s
open, any steady-state current does not flow through.fﬁé FETs,
25 44 and 45.
If the input voltage of the input terminal 36 is even

slightly out of the limits of Vc it Vth, the FET 44 or 45



mrror circuit and al so connected to a drain electrode of the first p-
channel MOS. FET as well as the input termnal, and a drain el ectrode of the
second p-channel MOS. FET, which forms the output end of the first current
mrror circuit, is connected to the output terminal; and a sRERUAGEMENT <SHEET
mrror circuit having input and output -##ds and constituted bz &ijﬁn ﬂﬁhi '
second n-channel MOS. FETs in such a manner that '

becomes conductive, and in response thereto, the output
voltage of the output terminal 42 approaéhes +VDD or -VSS.
Since there are mény cases that Vvth is set to 10% or so of
the power supply voltage, the amplitude of the‘Voltagé at the
5 input terminal 36 will come to 20% or so of the power supply
voltage. 1If £he amplitude of the voltage is of such value,
an 6peration of sufficiently high speed or rate is usually
expected. More particularly, it is possible to make the
| amplitude of an input voltage a small value of about 2Vth,
10 and so a signal cqh be tranémitted without being greétly
affected by the wiring capacitance CL: and the gate inpﬁt
capacitance CG. In other words, the transition time can be
remarkably shorted as compared to the prior art. Further, in
practice, Vth differs between a p-channel MOS:FET and an n-
15 channel MOS:FET. For the-purpose of easy understanding, it
is gsgumed hefe that vth of a p~channel MOS-FET is equal to
that of an n-channel MOS-FET.
\U If it is desired to make a steady-state current flow zero
and to make the amplitude of the voltage at the input
20  terminal 36 smaller, as shown in Fig. 3B, gates of the FETs
44 and 45 are disconnected from each other and gate of the
FET 44 is supplied with Ve + YFh(n) (Vth(n) is a threshold -
voltage of the n-channel FET 44) and gate of the FﬁTwzg_is
supplied with Vc - vth(p) (Vth(p) is a threshold voltaée of
- 25 the p-channel FET 45). ;n this state, since the FET 44 has
its gate supplied with Vc + Vth(n) and the FET 45 has its

gate supplied with Vc - Vth(p), if the potential of the input



31 source el ectrodes of tthe:first and second n-channel MOS FETs are
connected to a negative power supply termnal, respectively, gate
el ectrodes of ~the first and second n-channel MOS. FETs are connected

together to formthe input -end of the second current m rrgfE mggm
al so connected to a drain el ectrode offfhe first n- chann P |1
as the input termnal, and a drain el ectrode of the second n-

MOS. FET, which forns t he out put end of the second current nlrror gerU|t
I's connected to the output termnal. 13. The |ntegrated circuit of CMOS

structure agcordlng 58 éioufg be lowered even slightly below Ve, a
current flows through the FET 44. On the contrary, if the
potential of the input terminal 36 should be increased even
slightly over Vo, a current flows through the FET 45.

5 _Aé the charge fespénsive type gate 31, a gate as shown in"
Fig. 3C may be used wherein an inverting input terminal of a
differential amplifier 48 is connected to the input terminal
36, its‘output terminal is connected to £he output terminal
42, a negative féedbagk capacitor 49 is connected between the

10  output terminal and the invéftihg input terminal of the

. amplifier 48,'and the mid poiht voltage Ve is applied to a
non—inverting input terminal of.thé amplifier 48, the
differential amplifier 48-having high gain and wide or broad
band and operating at high speed or rate. |

15 : This differential amplifiér 48 integrates a current
flowing into the input termina1.36, and outputs an output
voltage which is proportional to the integrated value and is

W, inverted in polarity. As a result, if the potential at the

input terminal 36 should rise even slightly over Ve, a rapid

20 charge'of the capacitor 49 is effected by a negative feedback
| current sc as to cancel the difference between the potential
of the input terminal 36 and Vc so that the 6utput voltage at

the output terminal 42 is lowered. On the other hanET'lf the
potentlal at the input terminal 36 should fall even sllghtly

25 below Vc, a rapld charge of the capacitor 49 is effected by a
‘negative feedback current having the inverted polarity so as

to cancel the difference between the potential of the input



12, wherein said current-inpyt type gate further corprises: a first

I nverter of CMOS structure having i nput and out put ends and constituted by
a'third p-channel MOS. FET and a third n-channel MOS. FET; wherein said fijtst
inverter is inserted between said input termnal and the f RE G&NENJ
current mirror circuits in such a mann#9-t hat a gate electrode of the third
p- channel MOS FET and a gate el ectrode of the third n-channel MJBNTZﬂﬂle
connected together to formthe input end of said first inverter and al so
connected to the input termnal,

terminal 36 and Vc so that the output voltage at the output
terminal 42 is increaSed.' Accordingly, the potenﬁial at the
input terminai 36 is maintained at Vc and the input impedance
becomes substantially zero. '

5 As described above, since the differential amplifier 48
has high gain and operates in wide-band, and moreover the |
input impedance comes to substantially zero, it cén rapidly
integrate an input current supplied to the input terminal 36.
Therefore, the wiring capaéitande CL and the gate input

10 capacitance CG are quickly charged and the ﬁransition time is
.-rendered'very short so that high speed operation can be
performed. Furthér, in_érder to meet the range of input
voltage'of the succeéding stage, a circuit for limiting the
amplitude of the output #oltage may be connected to the
15 output terminal 42, if_necessary.
The charge responsive £ype gates 31 shown in Figs. 2A and
2B always consume the power. In case the transmitting gate
U 11 is of the £ype in which it outputs only a transient
current, the current contributing to a signal transmission is
20 only a transient current flowing in transition of a signal,
and hence it is much pieferred to arrange such that only the

transient current flows. .
i

Ry S

Fig. 4 shows an internal circuit of the second embodiment
of the large scale integrated circuit of CMOS structuré :
25 ;ccording to the present invention, and illustrates a case
arranged to flow only a transient current.

In the second embodiment, as the transmitting gate 11, a



a drain electrode of the third p-channel MOS. FET and a drain el ectrode of

the third n-channel MOS. FET are connected together to form nﬁéﬁ.ﬁemem @@ﬁ-

of said first-inverter and al so connected to the |nput ter

a source el ectrode of the third p-channel MOS FET is connecteg 4Qﬁ¥béﬂﬁhput
end of sai'd first current mrror mrcu{g().r and a source el ectrode t he
third n-channel MOS. FET is

gate is used which has its circuit configuration similar to
that of the éharge responsive type gate 31 that is the
receiving gate shown ih Fig. 2A. This_transmitting gate 11
comprises an inverter 53 constitﬁted by a é—channel MOS-FET.
5 51 and an n-channel nos-FET'sz, a p-channel MOS+FET 55
connected between soﬁrce of the p—chénnel MOS-FET 51 and a
power supply (positive potentiél) terminal 16 of +VDD, an n-
channel'MDS-FET 56 connected between source of the n-channel
MOS-FET 52 and a power supply (negative potential).terminal
10 17 of -VSS or ground br conmon potential terminal, and a p-
channel MOS-FET 57 and an n-channel MOS-FET 58 connected in -
their gates to gates of the MOS:FETs 55 and 56 respectively.
The input end, namely, gates connected in common of the
inverter.53 are cpnnected to the input terminal 14 and the
15 output end, namely drains connected in common of the inverter
53 are connected to the common potential point or ground
potential point through a capacitor 54. Source of the p-
\/ channel MOS+FET 51 is connected to the power supply terminal
"16 of +VDD through drain-source of the ﬁ-channel MOS-FET 55,
20 and source of the n-channel MOS‘FET 52 is connected to the
power supply terminal i? of -VSS through drain-source of the
n-channel MOS:FET 56. Drain qu gate of thetnos'FET=55 are
interconnected, and also drain and gate of the MOS- Fﬁ& 56 are
1ntergonnected. Drains of the MOS-FET 57 and 58 are.
25- interconnected and are connected to the input end of the

conductive path 15, and sources thereof are connected to the

power supply terminals 16 and 17, respectively. In other



connected to the I nput end of said second current mrror circuit. 14. The
integrated circuit of CMOS striucture according to claim 12, wherein said
current-input type gate further conprises: a third n-channel MOS. FET and a

third p-channel MOS. FET which are inserted between the input ' n

the first and second current mrror circgpqts in such a nannerhﬁhﬂ%ﬁﬁuQ¢héhEEr
el ectrode of the third n-channel MOS. FE and a gate el ectrode of é‘ﬂel&ﬁh'm
p- channel MOS. FET are connected together to which a m d point pd? P} i

bet ween a positive power supply voltage of the positive power supply

term nal and a negative power supply voltage of the negative power supply
termnal is swoxdsedin this second embodiment, both ends of the inverter

53 to be connected to power sources are also connected to

input sides of a current mirror circuit constituted by the p-
channel MOS- FETs 55, 57 and a current mirror 01rcu1t
5 constituted by the n-channel MOS:FETs 56, 58 respect;VE1y.
Thus, it will be understood that the construction of this
transmitting gate is the same as that of the charge'
respons§ve type gate 31 shown in Fig. 2A except that the
input and output ends of the inverter 35 are not connected in
10 common, and in place thereof, only the input end is connected
to input-termigal 36 and the 6utput end is connected to the
common potential or'ground'potential point through the
capacitor 54. '
In the above circuit cqnfiguration, when the potential at
15 the input terminal 14 becomes a higher level than Vc of the
mid point potehtial between the power supply voltages +VDD
and -VSS, a éurrent flows through thé FET 52 so that the
N\ capacitor 54 is charged with its electrode connected to the
FET 52 being negative. The current signal 'is multiplied by
20 the current mirror circuit constituted by the FETs 56 and 58
thereby generating a tfansient current on the conductive path
15, which acts to draw a currq?t (IL) from the receiving gate
31. When the transition time of this current signalﬁgﬁqs,
the current through the FETs of the transmitting gate éomes
25 to zero so that no steady-state power consumption occurs in
the transmitting gate. |

When the potential at the input terminal 14 is lowered



a source el ectrode of the third n-channel MOS FET and a source el ectrode of
the t'hird p-channelr MOS. FET are connected together and al so connected to
the input termnal, a drain electrode of the third n-channel MOS. FET is

connected to the input end of. the first current mirror circuht - ﬁEﬁ %g&k?
el ectrode of the third p-channel MOS. FBL is connected to the Hﬁ@g E

the second current mrror circuit. 15. e integrated circuit o 2000
structure according to claim 12, wherein said current-input type gate

further conprises: a third n-channel MOS FET inserted in series between
said input termnal and the input end of said first current mrror circuit

in - below Ve, a current flows through the FET 51 so that the
capacitor 54 is charged with its electrode connected to the
FET 51 being positive. ' The current signal is multiplied by
the current mirror circuit constituted by the FETs 55 and 57
5 thereby supplying a current (IH) to the conductive path 15,
which flows toward the receiving gate 31 through the
conductive path 15. In this case, when the transition time
Y _ of thisléurrent signal ends, the current through the FETs of
the transmitting gafe also comes to zero so that no steady-
10 state power consumption occurs in the transmitﬁing~gate.
Even in the case the transmitting gate 11 is used which
is arranged such that a current flows only during the
transition time of a signal as discussed above, if a gate of
the type in which a steady-state current flows through the
15 gate, as shown in Figs. - 2A and 2B, is used as the feceiving
charge responsive type gate 31, eleétric charges stored in
the wiring capacitance CL and the gate input capacitance CG
v are diséharged so that the signal output state of the
receiving gate 11 cannot be maintained when the interval
20 between successive trgnsitioﬁs of the signal on the input
terminal 14 is long (the time duration in which no current
flows at all is long).
In such case, as shown in Fig. 4'by dotted lineé?mé
resistance element (or an FET acting as a resistance.éiement)
25 61 may be conﬁedted in parallel with the capacitor 54 to flow

a minute current through the resistance element 61 for

maintaining the charged potentials of the capacitances,



33 - such a manner that a source electrode of the third n-channel MOS. FET
is connected to the input termnal, a drain electrode of the third
n-channel MOS. RET is connected to the input end of the first current mrror
circuit, and a potential of a-sumof a md point potential between said
positive and negative power supply vol tpges and a threshold voltage
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thereby to retain the signal output state corresponding to
the signal input state of the input terminal 14 in respect to
the conductive path 15. This resistance element 61 may be
one through which a minimum current can flow so that the

5 signal'outpuﬁ state can be reﬁaingd in any time duration
other than the transition time.

In case a gate of:the type in which any'steady-state
current or any leakage current does not flow: through the
gate, as shown iﬁ Figs. 3A and 3B, is used as the receiving

10 charge responsive type gate 31, the transmitting gate shown
in Fig. 4 can be used. Howevei, if it is difficult to retain
the input potential of the charge responsive type gate 31
stationarily for a long time due to the existence of a minuté
leakage current, as previously mentioned, a resistance
15 element is connected in parallel with the capacitor 54 in
case a signal to be transmitted does not change for a long
time. | |
Y, _ In case the charge responsive type gate shown in Fig. 3C
| is used as the receivihg charge responsive type gate 31, it
20. is unneéessary in th;§ case to connect a resistance element
in parallel with the cépagitor 54 so that a current can flow
through the resistance elemen;ifor maintainiﬁg the charged
potentials of the capacitances except a case that é"gzénal to
be transmitted ddes not change for a long time, thougﬁ‘it is
25 depending upon the input leakage current of the differential-
amplifier 48.

Further, in case a gate of the type in which a steady-



of said third n-channel MOS.FET i5 applied-to a gate of said third n-
channel MOS FET; and a third'p-channel MOS. FET inserted in series between
said input terninal and the input end of said second current mrror circuit
in such a manner that a source electrode of the third p-channel MOS. FET is
connected to the input terminal, a draigg.el ectrode of the bl - nel
MOS. FET is connecteg to the input end é?kthe second currenphﬂﬁﬁﬁﬁfﬁiﬁ&fsr
and a potential of a subtraction of a threshold voltage of sg{% Huhrﬂmu
p- channel MOS. FET fromsaid m d point potential between-said

t,

state current flows through the gate, as shown in Fig. 1, is
used as the transmitting charge resppnsive-type gate 11, any
one of the charge responsive type gates can be used. 1In case
of transmitting a signal the transition of which always
5 occurs at high fate or.spéed Such.as a clock signal, if the
transmitting gate shdwn'in Fig. 4 is used, any one of the
charge responsive tyﬁe-gates shown in Figs. 2A and 2B, and
?igs; 3A, 3B and 3C may be provided at the receiving side.
Since the transmitting gate 11 is a,current—outpﬁt type
1o gate and the receiving géte 31 is a chatge féspansive type
gate, namgly; a current-input type gate; it can be eaéily
implemented that, as showﬁ'in Fig. 5 for example, a plurality
of transmitting current-output type gates 63 are connected to-
the conductive path 15, and'in'addition; a plurality of
- 15 receiving current-input type gates 64 are connected to the
conductive path 15 thereby using the conductive path 15 as a
bus. Particularly, if as the current-output type gate 63 is
- used the transition current output gate which outputs a
current only during the transition time as shown in Fig. 4
20 and as the current—input type gate 64 is used the charge
responsive type gate through which no steady-state cu;rén;l
flows as shown in Figs. 3A anqrsB, no curreht flows through
the conductive path 15 in the steady-state, and hencg&ip is
not required to set the current-output type gate 63 in‘high
25 impedance state (inhibit state). Consequently, the control
circuit and the control of timing therefor are not needed.

As described above, in accordance with the present



posi ti.ve and negative power supply voltages is applied to a gate of said
third p-channel MOS. FET. 16. The integrated circuit of CMOS structure
according to claim 11, wherein said current-input type gate conprises: a

differential anmplifier having an inverthgg i nput end, a non- invertjrﬁh
input end, "and an output end; and a nedéPfve feedback capaci t REPLAGEMENT SHEET
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invention, since a current-input type gate having a low
impedance is used as a receiving gate, the wiring capacitance
CL'énd the gate input capacitance CG can be quickly charged,
and hence the transition time of a signal is rendered
5 femarkably short. As a result, it is possiblé that even a
clock signal having a high fiequency (short repetitive
period) passes through a long-éénductive path in the cMOS-IC,
and soc the performance (operation speed or rate) of the whole
N CMOS-IC chip:can be made high. In particular, the power . |
10 consumption can be reduced Eb'minimhm by using, as é |
fransmitting gate, a gate Which'outputé a current flow only
during the transition time of a signalland,.as a receiving

gate, a gate through which no steady-stéte current flows.

v o



sal d inverting input ‘end is connected to said input termnal, said negative
elmﬂlmm]mm“mw s connect'ed between said inverting i nput end and said

out d point potential between a positive

vol ttagé ot the positive power-supply termnal and a nega BW@M%F& y

vol tage of +the negative power supply te26vnal is supplied 1204 i 2008

I nverting input end of said dlffm@L&EﬂSfler 17. The integrated -

circuit of structure according to any one of clains 11 to 16, wherein.

sai d transm dei nd\yantegeatesd gincwt of CMOS stouctiiné capableiof. 18. The
i nt egr at ed CII‘CUIt of C;IVDSstructure accordln to claim L .
_g transmitting an in enal 3 g ] from 2

_ hemg characterlzed in that |
a current input type gate havmg a remarkably low 1nput
' .impedance is used as a regemng gate at the receiving side i in respect

to - said S1gna1 transmlssmn path in sa1d mtegrated circuit, said

dependmg upon a_cumnt magmtude of s_ald mput s;gnal

2. | The integrat_ed circuit of CMOS structure according to claim
1, wherein said current-mput type gate has its mput terminal wh.lch
is connected to a positive power supply terminal through a first
current mirror circuit constituted by first and second p-channel
MOS-FETs and connected to a negative power supply terminal
through a second current _ mirror circuit constituted by first and
second n-channel MOS-FETs.

3. The integrated c1rcu1t of CMOS structure according to claim
2, Wherem said current-input type gate further includes a first

inverter of CMOS structure input end and ~ output end of



fourth p- cl’ranﬁel -FET and a fourth n-ghannel MOS.FET in
that a gate el ectrode of the fourth p- Cifarinel MOS. FET and a

ond o s CharRORTookbcERd, A SARRELT b WEHEpof 82 JAr Rl o

ol bet r ond® S ED s ity foldihal b NSRRIV syl eiciidads, .,
sald out e o ¥er wHiERMrd B B EbnASE R BAE Bower supply

terminals are connected to' input side of said first current mirror

Cl\/DSiM "m ent-out pyt type gate conprises: a second inverter of
I'nput and out put ends thereof and coniﬁ%ﬂgﬂgﬁ%ﬂ
gate

circuit and input side of said second current mirror circuit,

respectively.

4. - The integrai‘:ed circuit of CMOS structure according to claim
2, wherein output end of said-inverter_ of CMOS structure is
connected to said _ihput terminal, input end of said inverter is
supplied with a mid point potential between a.pos_itivé power
supply _volt-age and 2 negative power éﬁpply'voltag'e,_ and feSpe‘ct’ive
 source electrodes of said inverter which are to be cénnected to the
power supply terminals are connected to input side of said first
current mirror c1rcu1t and mput side of said second current

mirror circuit, respectwelyi

5. The integrated circuit of CMOS structure according to claim
2, wherein an n-channel MOS-FET is inserted in series between said
input terminal and the input side 6f said first current mirror circuit,
a potential of addition of a mid point potential between said positive
and negative power supply ;rbltages to a threshold voltage of said n-
channel MOS-FET is applied to gate of said n-channel MOS-FET, a p-
channel MOS-FET is inserted in series between said input terminal
and the input side of said second current mirror circuit, and a
potential of subtraction of a threshold voltage of said p'éhannel
MOS-FET from said mid point potential



?mm,ﬁ ssion path, a source electrode of said fourth
, Brgrconnect ed to the p05|t|ve power supply EMEN,T SHEET
a soJrcé electr said fourth n- cha#m MOS. FET i s conngt% UgNt

negative power supply termnat 19. The Thtegrated circuit of CMOS structure

accordi to claim wh d t t
second i ; een éﬂl‘%ﬂwﬂg’é%@?I?ég%t%%’rﬁ&%w&%?s‘g?@lﬁwiﬁgése i§ %?})Plllesgs
to gate of said p-channel MOS-FET.

6. 'The integrated circuit of CMOS structure according to claim
1, wherein said current-input type gate comprises a differential
amplifier an 1nvertmg input end of whlch is connected to said input .
terminal, and a negative feedback capamtor connected between said

inverting 1nput end and an output end of said differential amplifier,

a mid point potentlal
supply voltages being applied to a non- inverting input end of said
differential amplifier.

7. The integrated.circuit of CMOS structure according to any
one of claims 1 to 6, wherein a gate at the transmitting side in respect

to said signal transmission path is'a current-output type gate.

8. 'The 1ntegrated circuit of CMOS structure according to clalm
7, wherem said current- output type gate is a second inverter of
CMOS structure.

9. The integrated circuit of CMOS structure according to claim 7,
wherein said current-output type gate is a gate arranged such that an
output end of ihe second inverter of _Z_CMOS' structure is grounded
through a capacitor, respective saurce electrodes of said second
inverter which are to be connected to power supply terminals are
connected to a positive power supply terminal through a first current

mirror circuit constituted by p-channel



end and constituted:by a fourth p-channel MOS FET and a fourth
B m ”ﬂ' such a manner that gate el ectrodes of E MENE “EET
d the fourth n-chanpel MOS. FET are connb UNC 006"
to formthe |nput énd of said second in erter to which said input S|gnal to

and- t no MOYSTFETs AR} bofinediaifods HefbiER s by SRRl e, " ™
out put | SO0 e Shcotd Sty | fﬁﬁbi%ré"}@!{%f iEERA B HeRaRR, ST,

MBNNET MOS-FETS respectively, and output ends of said first and second

current: mirror circuits are connected to said signal transmission

path.

10. The integrated circuit of CMOS structure according to claim
9, wherein a resistance element for maintaining a current is

connected in parallel with said capacitor.

11 An mtegrated cu'cult of CMOS structure capable of
transmitting an mput signal to be transmltted from a transm1tt1ng
side to a receiving side at high speed com_pnsmg

a transmitting gafe of CMOS structure provided in the
trahsmitting side; | | |
a receiving gate of CMOS structure provided in the receiving side

2 and

a signal transmission path prowded between the transmlttmg
_gate and the receiving gate and having a 'substantial length with a

distributed capacitance; wherein

said transmitting gate @s capable of supplying said input signal to
be transmitted to the signal~ transmission path,

said 'receiving gate receives said input signal of the transmitting
gate from the transmission path and

said receiving gate is formed of-a current-input type gate having

a low input impedance in comparison to an equivalent output



t hat t“ﬁ of the.fifth and sixth p-channel MOS FETs “
conneﬁlﬂﬂﬂ“ﬁmﬁmsﬂ e power ‘supply termnal, respectivel y,ﬂ M&Eﬁﬁ“ SHEET
el'ectrodes df the’fifth and sixth p-channel MOS FETs are connefiediNoggdfher
to formthe input end of the third curt®@nt mirror circuit and al so

connected to a drai | ectrode.pf. the fifth p- chann FET as, well as
e Teststite of the Tianstnitting gate A PapaBiroF BN lsAge
inverter, and.a draih,.el ectrode af the sixth p-ghannel FET, which forns
Lhe out puRagRitufle ¢t thteedvedimaut sighal ALR0ss thelowingity ne
signal t rWEE‘OI 's%lrglstanti_ally zero and hence making a current

. magnitude flowing in the load capacitance including the distributed

capacitance substantially zero to thereby issue an output signal a
voltage magnitude of which is responsive to a current magnitude of .

said input signal.

12. The integrated cireuit of CM_OS structure according to claim
U 11, wherein said current-input typé gate comprises: |

an input terminal connected to the transmission path;

.an bﬁtput terminal from which said output sighal is derived;

a first current mirror circuit having input and output ends and
constituted by first and second p-channel MOS-FETSs in such a
manner that . o | |

sburce electrodes of the ﬁrs‘t and second p-channel
MOS-FETs are connected to a positive power supply terminal,
respectively, | |

gate electrodes of the first and second p-channei MOS-FETs
are connected together to form the input end of the first current
mirror circuit and also conhgéted to a drain electrode of the first p-

" channel MOS-FET as well as the input terminal, and

a drain electrode of the second p-channel MOS-FET, which
forms the output end of the first current mirror circuit, is connected to
the output terminal; and

a second current mirror circuit having input and output ends
and constituted by first and second n-channel MOS-FETSs in such a

manner that



-36- a rror circuit having input and out put ends and

consti tmmllﬂ mn“ﬁ‘; u sixth n-channel MOS.FETs in such REPEAOEMENTSHEET
source e fifth and sixthyn:channel MOS. FETs a@ef GJyN d
to a negative power supply terninal, respectlvely gate el ectrodes of the-

fifth and sixgbupcstlapptoddeSofEhs firet ARANESERd ipebidiaiel MOS-FETs i nput

end of the fourth current
are connected to a negative power supply terminal, respectively,

gate electrodes of the first and second n-channel'MOS;FETs
are connected together to form the input end of the second current
mirror circuit and also connected to a drain electrode of the first n-
channel MOS-FET as well as the mput termmal and .

a drain electrode of the second n-channel MOS: FET, whlch
forms the output end of the second current mirror circuit, is connected

to the output terminal.

. 13. The mtegrated circuit of CMOS structure accordmg to c1a1m
12, wherein said current- input type gate further compnses
a first inverter of CMOS structure havmg input and output ends
and const1tuted by a third p-channel MOS- FET and a tthd n-channel
MOS-FET;
wherein said first inverter is inéerted between said input
terminal and the first and second current mirror circuits in such a
manney that .
a gate electrode of the third p- channel MOS-FET and a gate
% electrode of the third n-channel MOS-FET are connected together to
form the input end of said first inverter and also connected to the
input terminal, ’
a drain electrode of the thlrd p-channel MOS-FET and a
drain electrode of the third n-channei MOS-FET are connected
together to form the output end of said first inverter and also

connected to the input terminal,



mirr i [yt and al so connegted to drain electrode of the g SHEET
chanWMﬂ Uﬁll as the source el ectrode of the fqurt#ﬁt-ﬁ%&%ﬂ
MBS Sy ®fd i nverter, and a_q?gi n el ectrode of thedsfx
n-channel MOS. FET, which forms the outpdl end of the fourth current mrror
circuit, is connected,to, the skhgpal .t.ransm,ssion : The integrated
ciroult of - cROBAFrEAlbreras o 4R shisdptanes MR FRT {Eoupsfted
I to ted i ‘ahlgel with id . i.tor.,.

el ement 43 (R GRAE dnld P 3Rk et et $hiSIBE ik, and |
a source electrode of the third n-channel MOS-FET is

connected to the input end of said second current mirror circuit.

14. The integrated circuit of CMOS structure according to claim.
12, wherein said current-input type'gate further comprises:

‘a third n-channel MOS-FET and a third p-channel MOS-FET
which are inserted between the input terminal and the first and
second current mirror circuits in such a manner that

a gate electrode of the third n-channel MOS-FET and a gate
electrode of the third p-channel MOS-FET are connected together to
which a mid point potential between a positive power supply volt'age
of the positive power supply terminal and a negative power supply
voltage of the negative power supply terminal is sﬁpplied,

_' a source electrode of the third n-channel MOS-FET and a
source electrode of the third p-channel MOS-FET are connected
together and also connected to the input terminal, |

a drain electrode of the third n-channel MOS-FET is
connected to the input end of the first current mirror circuit, and

a drain electrode of the third p-channel MOS-FET is

connected to the input end of the second current mirror circuit.

15. The integrated circuit of CMOS structure according to claim
'12, wherein said current-input type gate further comprises: |
a third n-channel MOS-FET inserted in series between said

input terminal and the input end of said first current mirror circuit in
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a source electrode of the thikd fi- channel MOS FET is
connected to the input terminal,

a drain electrode of the third n-channel MOS-FET is
connected to the input end of the first current mirror circuit, and

a potentié.l of a sum of a mid point potential between said .
positive and negative power supply vo'lt_ag‘es and a threshold voltage
of said third n-channel MOS-FET is applied to a gate of said third n-
channel MOS FET; and .

a third p-channel MOS-FET inserted in series between said
input terminal and the iﬁput end of said second current mirror circuit
in such a manner that | | | -

a source electrode of the third p-channel MOS-FET is
connected to the input terminal, | -
~ a drain electrode of the third p-channel MOS-FET is
connec-téd to the input end of the second current mirror circuit, and
 apotential of a subtfa_ctiOn, of a threshold vcltage ofsaid

 third p-channel MOS FET from said mid point potential between said

positive and negative power supply voltages is applied to a gate of

said third p-channel MOS-FET.

16. The integrated circ;iit of CMOS structure according to claim
11, wherein said current-input type g?te comprises:
a differenfial amplifier having aﬁ inverting input end, a non-
' inverting input end, and an output end; and
a negative feedback capa{citor; and

wherein
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'said inverting input end is cohnééted to said input terminal,
said negative feedback capacitor is:.”connecte'd between said
inverting input end and said output end, and |
a mid point potential between a positive power supply voltage of
the positive power supply terminal and a negative power supply
voltage of the negative powexf_supply.ter.m.ina_ll is supplied to. said non-

inverting input end of said differential amplifier.

17. The integrated -circui_t of CMOS structure according to any
one of claims. 11 to 16, wherein said transmitting gate is formed of a

current-output type gate.

18, The integrated circuit of CMOS structure according to claim
S 17, Wheréin said current-output type gate comprises:

a second inverter of CMOS structure haviiig‘ input and output
enﬂs thereof and constituted by a fourth p-channel MOS-FET-an_d a
fourth n-channel MOS-FET in such a manner that

a gate electrode of the fourth p-channél MOS-FET and a gate
electrode of the fourth n-channel MOS-FET are connected together to
form said input end of said second inverter to which said input signal
to be transmitted is applied:

| a drain electrode of the fourth p-channel MOS-FET and a
drain electrode of the fourth n-channel MOS-FET are connected
together to form said output end of said second inverter and connected
to said signal transmissioh path,

a source electrode of said fourth p-channel MOS-FET is

connected to the positive power supply terminal, and
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-a source electro_de of said fourth n-channel MQS~FET 18

connected to the negative power eupply terminal;

19. The integrated circuit of CMOS structure according to claim

17, wherein said cu_rrent'-output type gate comprises:
a second inverter of CMOS structure having input and output _

ends thereof and constitdted by a -fdurth p-channel MOS-FET and a
fourth n-channel MOS-FET in such a manner that

gate electrodes of the fourth p-channel MOS- FET and the
fourth n- channel MOS-FET are connected together to form the mput
end of said second mverter to which said mput s1gna1 to be |
transmitted is apphed | |

drain electrodes of the' fourth p-channel MOSFET and the
fourth n-channel MOS-FET are connected together and grounded
through a capacitor; and | .' "

a third current mirror circuit having input and output ends and
constituted by ﬁfth and sixth p-channel MOS-FETs in such a manner
that

source electrodes of the fifth and sixth p-channel MOS-FETs
- are connected to a positive power supply terminal, respectively,
gate electrodes of the fifth and sixth p-channel MOS-FET's
are connected together to forin the input end of the third current
mlrror circuit and also connected to a draJn electrode of the fifth p-
channel MOS-FET as well as the source electrode of the fourth p-
' channel MOS FET of said second inverter, and
a drain electrode of the sixth p-channel MOS-FET, which
~forms the output end of the third current mirror circuit, is connected

to the signal transmission path; and
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-~ a fourth current mirror circuit hamng input and output ends and
 constituted by fifth and sixth n- ¢hannel MOS -FETs in such a manner
that .
source electrodes of the fifth and sixth n-channel MOS- FETs
are connected to a negative power supply terminal, respectively, -
gate electrodes of the fifth and sixth n-channel MOS FETs . _
are connected together to form the 1nput end of the fourth current |
: mlrror circuit and also connected to dram electrode of the ﬁfth n-
channel MOS'-FET as well as the source electrode of the fourth n- R
channel MOS FET of said second mverter and
| - adrain electrode of the sixth n- channel MOS FET, which
forms the output end of the fourth current mirror c1rcu1t is connected

to the signal transmission path_

20. The integrated circuit of CMOS structure according to claim
19, wherein a resistance element is connected in parallel with said

capacitor.
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. In a ultra—large scale 1ntegrated clrcult of CMOS _

structure, hlgh speed operatlon can be performed W1thout

belnq affected by the w_r;ng capacltance and the gate 1nput .
capacltance._ A current—output type gate is used as a
;transmltt;ng gate 11 and a capacltor 54 1s charged-or f
fdlscharged only durlng the transltlon time of a 51gnal.‘ The 3
\,/' N f charge or dlscharge current 1s multlplled by current nnrror
- .';"clrcults 55, 56 to supply the current to a conductlve path
rtls. A current—rnput type gate lS used as -a rece1v1ng gate
31. Thls gate 31 15 arranged such that the output and 1nput
' ends of an 1nverter 35 of CMOS structure are 1nterconnected,
respective ends of the: inverter to be connected to power
supplies are connected to a posltlve power supply termlnal 16
through the current mirror clrcult of p—channel Mos FETs 37,
.39 and connected to a-negatlve power supply term;nal 17
through the current:nﬁfrof_circuit of n-channel MOS -FETs 35;
41'respectively, and the.output ends'of both the current
ﬂﬁrror'circuits are co?nected to the signal transmission path

15.

YT S



9805468-7

|~

IPOS copPy W
VERIEIED™ TRANS
REPLACEMENT SN
‘ RN AERD
PCT , o B ¥ ¥ B
- o BB AERICE SO TAB S - EERHE
(51) EIRIGRESIG 11) EBRABRES
HO03K 19/0185 Al “ - W098,38739
@3) EBRAR B ' " 19984E9 A 3 H(03.09.98)
(1) ERHEES E PCY/JP98/00775 | (81) #8%E  CN,DE, GB, KR, SG, US.
(22) EBRHBERA 1998421 26 F (26.02.98) | Fert AP
ERmZ Ry &
(30) BEHET—~
H5BEE9/42462 1997452 A 26 B (26.02.97) P

(71) HBA CREZR T~ TORERICOVWT)
HRALH 7T RAVFR B

{ (ADVANTEST CORPORATION)[JP/JP]

T179-0071 HAESERG EMEET—T B32%18 Tokyo, (JP)
(72) BAE ; BXV

(75) #RE/HEA CRElIZ-WTOR)

B 2242 82(OKAYASU, Toshiyuki)[JP/TP]

T349-1106 3 E AL BAGEB BRI 1-32-7 Saitama, (JP)
74 REA .

#E-+ HEF &, S(KUSANO, Takashi et al.)
T160-0022 FEUERES BN T B2E21% AL
Tokyo, (JP)
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(57) Abstract

A super large scale integration which has
a CMOS structure and can operatc at a high -
speed regardless of the wiring capacitance of
the circuit and the input capacitances of gates.
The intcgration is constituted in such a way
that a transmission-side gate (11) is constituted
of a current output type gate and a capacitor
(54) is charged and discharged only during the
transition period of signals. On addition, the 14
current of the capacitor (54) is made to flow to
a conducting path (15) after the current is
doubled by means of current mirror circuits (55
and 56). A reception-side gate (31) is
constituted of a-low-input impedance current
inputting type gate. The gate (31) short-circuits
the input and output terminals of a CMOS
inverter (35) to each other and both the power
source connecting terminals are respectively
connected to positive and negative power
terminals (16 and 17) through p-channel
MOSFET current mirror circuits (37 and 39)
and n-channel MOSFET current mirror circuits
(38 and 41). The output sides of the current
mirror circuits (37, 39, 38 and 41) are connected to the conducting path (15).
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