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(57) ABSTRACT 

For the relation betWeen the ?rst and second pass-transistor 
circuits (PT1, PT2), the output signal of the preceding-stage 
is supplied to the gate of the succeeding-stage, and for the 
relation betWeen the second and third pass-transistor circuits 
(PT2, PT3), the output signal of the preceding-stage is 
supplied to the source-drain path of the succeeding-stage. 
The ?rst pass-transistor circuit (PT1) receives on its ?rst 
input node (In1) and second input node (In2) the ?rst input 
signal and the second input signal that are logically inde 
pendent from each other. This logic circuit requires a smaller 
number of transistors and is capable of reducing the poWer 
consumption and delay and accomplishing an intricate logic 
function. 

INV2 “12 

A'B 
"font 

PTI 

I :Q2 we 
I112 =_ B m1 

INV 



Patent Application Publication Sep. 20, 2001 Sheet 1 0f 5 US 2001/0022521 A1 

Fig.1 
A-B-C-D 

Out? 
% 

1 5 ———%Q2 (IF-g 
1n1? A_B INV2 1H2 ___ § 

9 

A-B 
lJ-Out 
’ PTl 



Patent Application Publication Sep. 20, 2001 Sheet 2 0f 5 US 2001/0022521 A1 

Fig.2 
A-B-C-TJ' 

Inl I112 



Patent Application Publication Sep. 20, 2001 Sheet 3 0f 5 US 2001/0022521 A1 

Fig.3 
OUT LC1234 

S 



Patent Application Publication Sep. 20, 2001 Sheet 4 0f 5 US 2001/0022521 A1 

4. .wo F 

2 



Patent Application Publication Sep. 20, 2001 Sheet 5 0f 5 US 2001/0022521 A1 



US 2001/0022521 A1 

SEMICONDUCTOR INTEGRATED CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
integrated circuit, and particularly to a semiconductor inte 
grated circuit Which can be used in general-purpose proces 
sors, signal processors, video processors and the like includ 
ing logic circuits. 

[0002] Among circuitries using pass-transistors, there 
have been introduced differential pass-transistor logics as 
described in IEEE Journal of Solid-state Circuits, Vol.SC 
22, No.2, April 1987, pp.216-222 (Will be called the ?rst 
prior art) and complementary pass-transistor logics as 
described in IEEE Journal of Solid-state Circuits, Vol.SC 
25, No. 2, April 1990, pp.388-395 (Will be called the second 
prior art). These circuitries are complementary logic circuits 
using both inverting and non-inverting logics. 

[0003] Pass-transistor circuits using single-channel MOS 
FETs, instead of complementary MOSFETs, and a design 
scheme of pass-transistor circuits of the standard cell 
scheme are described in Custom Integrated Circuits Con 
ference 1994 Digest, pp.603-606 (Will be called the third 
prior art). 
[0004] A con?guration scheme of pass-transistor circuits 
based on a logic eXpression called a binary decision diagram 
is described in the Proceeding of 1994 Autumn Convention 
of The Institute of Electronics, Information and Communi 
cation Engineers of Japan, edition of fundamentals and 
interfaces, p.64 (Will be called the fourth prior art). 

[0005] A logical operation scheme based on the binary 
decision diagram is described in IEEE, Transaction on 
Computers, Vol.C-35, No.8. August 1986, pp.677-691 (Will 
be called the ?fth prior art). 

[0006] Logic circuits for accomplishing logics of eXclu 
sive-OR circuits, full adders and the like based on a scheme 
of supplying an output signal of a preceding-stage comple 
mentary pass-transistor circuit to the gates of complemen 
tary MOSFETs of a succeeding-stage complementary tran 
sistor circuit are described in Japanese Laid-Open Patent 
Application No. 1-216622 (Will be called the siXth prior art). 

[0007] Logic circuits for accomplishing logics of eXclu 
sive-OR circuits, full adders and the like based on a scheme 
of supplying an output signal of a preceding-stage comple 
mentary pass-transistor circuit to the sources of complemen 
tary MOSFETs of a succeeding-stage complementary tran 
sistor circuit are described in Japanese Laid-Open Patent 
Application No. 1-256219 (Will be called the seventh prior 
art). 
[0008] A parity detection and generation circuit using 
exclusive-OR circuits based on a scheme of supplying an 
output signal of a preceding-stage complementary pass 
transistor circuit to the gates of complementary MOSFETs 
of a succeeding-stage complementary transistor circuit and 
a scheme of supplying a output signal of a preceding-stage 
complementary pass-transistor circuit to the sources of 
complementary MOSFETs of the succeeding-stage comple 
mentary transistor circuit are described in US. Pat. No. 
4,477,904 (Will be called the eighth prior art). 

SUMMARY OF THE INVENTION 

[0009] A pass-transistor circuit requires a smaller number 
of transistors as compared With a conventional CMOS logic 
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circuit in accomplishing a same logic function, and accord 
ingly the circuit is more suitable for reduced poWer con 
sumption and delay. HoWever, it is more dif?cult to synthe 
siZe logic circuits comprised of pass-transistor circuits, and 
therefore they have not been used for random logic circuits 
Which require all logic functions. 

[0010] The above-mentioned siXth prior art, Which adopts 
a scheme of supplying an output signal of a preceding-stage 
complementary pass-transistor circuit to the gates of 
complementary MOSFETs of a succeeding-stage comple 
mentary transistor circuit, and the seventh prior art, Which 
adopts a scheme of supplying the output signal of the 
preceding-stage complementary pass-transistor circuit to the 
sources of complementary MOSFETs of the succeeding 
stage complementary transistor circuit, are both used for 
logic circuits for accomplishing logics of exclusive-OR 
circuits, full adders and the like. The siXth and seventh prior 
arts, hoWever, do not disclose a method for using pass 
transistor circuits for accomplishing all logic functions. 

[0011] The above-mentioned eighth prior art, Which 
adopts both a scheme of supplying an output signal of the 
preceding-stage complementary pass-transistor circuit to the 
gates of complementary MOSFETs of the succeeding-stage 
complementary transistor circuit and a scheme of supplying 
the output signal of the preceding-stage complementary 
pass-transistor circuit to the sources of complementary 
MOSFETs of the succeeding-stage complementary transis 
tor circuit, is applied to parity detection and generation 
circuits using exclusive-OR circuits. The eighth prior art, 
hoWever, does not disclose a method for using pass-transis 
tor circuits for accomplishing all logic functions. 

[0012] It is necessary accomplish intricate logic functions 
With a smaller number of transistors, if it is intended to 
provide pass-transistor circuits that can be used for a random 
logic circuit Which requires all logic functions. 

[0013] The study of the inventors of the present invention 
revealed that it is dif?cult for the eighth prior art to accom 
plish intricate logic functions With a smaller number of 
transistors, because tWo MOSFETs of a same conductivity 
type in the preceding-stage complementary pass-transistor 
circuit, Which drives the gates or sources of complementary 
MOSFETs of the succeeding-stage pass-transistor circuit, 
are supplied on their sources With complementary logic 
signals (high and loW). 

[0014] Accordingly, an object of the present invention is to 
provide a semiconductor integrated circuit including pass 
transistor circuits Which require a smaller number of tran 
sistors, are suitable for reduction of the poWer consumption 
and delay and accomplish intricate logic functions. 

[0015] In order to achieve the above objective, the semi 
conductor integrated circuit according to one mode for 
carrying out the present invention comprises a logic circuit 
Which includes ?rst, second and third pass-transistor circuits 
(PT1, PT2, PT3). Each pass-transistor circuit has a ?rst input 
node (In1), a second input node (In2), an output node (Out), 
a ?rst ?eld effect transistor (Will be termed “FET” herein 
after) (Q1) having its source-drain path coupled to the ?rst 
input node (In1) and the output node (Out), and a second 
FET (Q2) having its source-drain path coupled to the second 
input node (In2) and the output node (Out). The ?rst FET 
(Q1) of the second pass-transistor circuit (PT2) has its gate 
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responding to a signal on the output node (Out) of the ?rst 
pass-transistor circuit (PT1). At least one of the ?rst FET 
(Q1) and second FET (Q2) of the third pass-transistor circuit 
(PT3) has its source-drain path coupled to one of the ?rst 
input node (In1) and output node (Out) of the second 
pass-transistor circuit (PT2). The ?rst input node (In1) and 
the second input node (In2) of the ?rst pass-transistor circuit 
(PT1) are respectively supplied With an input signal and 
another input signal (B, GND) that are logically independent 
from each other. See FIGS. 1 and 2. 

[0016] The semiconductor integrated circuit according to 
this mode for carrying out the present invention bases the 
logical decision of the logic circuit output signal, Which is 
obtained on one of the output node of the second pass 
transistor circuit and the output node of the third pass 
transistor circuit, on (1) a scheme adopted betWeen the ?rst 
and second pass-transistor circuits, of supplying an output 
signal of a preceding-stage pass-transistor to a gate of a 
succeeding-stage pass-transistor, (2) a scheme adopted 
betWeen the second and third pass-transistor circuits, of 
supplying an output signal of a preceding-stage pass-tran 
sistor to the source-drain path of a succeeding-stage pass 
transistor, and (3) a scheme of supplying the input signals 
that are logically independent from each other to the ?rst and 
second input nodes of the ?rst pass-transistor circuit. 

[0017] Thus, the output signal of the logic circuit Which 
includes the ?rst, second and third pass-transistor circuits on 
these three schemes of applying signals, and therefore, this 
serniconductor integrated circuit needs a smaller number of 
transistors and reduced the power consumption and delay 
and can accomplish intricate logic functions. 

[0018] Furthermore, a semiconductor integrated circuit 
Which is capable of accomplishing more intricate logic 
functions can be obtained by changing inter-connection 
among the ?rst, second and third pass-transistor circuits or 
by adopting cornplicated schemes of supplying logical input 
signals to the ?rst and second input nodes of these pass 
transistor circuits. 

[0019] In the semiconductor integrated circuit according 
to a speci?c mode for carrying out the present invention, at 
least one of the ?rst FET (Q1) and second FET (Q2) of the 
third pass-transistor circuit (PT3) has its source-drain path 
coupled to the ?rst input node (In1) of the second pass 
transistor circuit (PT2). The ?rst and second FETs (Q1, Q2) 
of the ?rst pass-transistor circuit (PT1) have their gates 
responding to ?rst cornplernentary input signals (A, /A) and 
become conductive in a complementary fashion. The ?rst 
and second FETs (Q1, Q2) of the second pass-transistor 
circuit (PT2) have their gates responding to second cornple 
rnentary input signals and become conductive in a cornple 
rnentary fashion. The ?rst and second FETs (Q1, Q2) of the 
third pass-transistor circuit (PT3) have their gates respond 
ing to third cornplernentary input signals (C, / C) and become 
conductive in a complementary fashion. The ?rst pass 
transistor circuit (PT1) produces on its output node (Out) a 
logical product signal (A-B) of the ?rst cornplernentary input 
signals (A, /A) and an input signal (B) received on its ?rst 
input node (In1). The third pass-transistor circuit (PT3) 
produces on its output node (Out) a logical product signal 
(CD) of the third cornplernentary input signals (C, /C) and 
an input signal (D) received on its ?rst input node (In1). The 
second pass-transistor circuit (PT2) is supplied With the 
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second cornplernentary input signals derived from the logi 
cal product signal (A-B) produced on the output node (Out) 
of the ?rst pass-transistor circuit (PT1) and produces on its 
output node (Out) a synthesis signal (A-B-C-D) of a logical 
product of the logical product signal (AB) on the output 
node (Out) of the ?rst pass-transistor circuit (PT1) and the 
logical-product signal (CD) on the output node (Out) of the 
third pass-transistor circuit (PT3). See in FIG. 1. 

[0020] In a semiconductor integrated circuit according to 
another speci?c mode for carrying out the present invention, 
at least one of the ?rst FET (Q1) and second FET (Q2) of the 
third pass-transistor circuit (PT3) has its source-drain path 
coupled to the output node (Out) of the second pass 
transistor circuit (PT2). The ?rst and second FETs (Q1, Q2) 
of the ?rst pass-transistor circuit (PT1) have their gates 
responding to ?rst cornplernentary input signals (A, /A) and 
become conductive in a complementary fashion. The ?rst 
and second FETs (Q1, Q2) of the second pass-transistor 
circuit (PT2) have their gates responding to second cornple 
rnentary input signals and become conductive in a cornple 
rnentary fashion. The ?rst and second FETs (Q1, Q2) of the 
third pass-transistor circuit (PT3) have their gates respond 
ing to third cornplernentary input signals (D, /D) and become 
conductive in a complementary fashion. The ?rst pass 
transistor circuit (PT1) produces on its output node (Out) a 
logical-product signal (A-B) of the ?rst cornplernentary 
input signals (A, /A) and a ?rst input signal (B) received on 
its ?rst input node (In1). The second pass-transistor circuit 
(PT2) is supplied With the second cornplernentary input 
signals derived from the logical-product signal (A-B) pro 
duced on the output node (Out) of the ?rst pass-transistor 
circuit (PT1) and produces on its output node (Out) a logical 
product signal (ABC) of the logical-product signal (AB) 
and an input signal C received on its ?rst input node (In1). 
The third pass-transistor circuit (PT3) is supplied on its ?rst 
input node (In1) With the logical product signal (A-B-C) 
from the output node (Out) of the second pass-transistor 
circuit (PT2) and produces on its output node (Out) a 
synthesis signal (A~B~C~/D) of a logical product of the 
logical-product signal (A-B-C) provided from the output 
node (Out) of the second pass-transistor circuit (PT2) and 
the third cornplernentary input signals (D, See FIG. 2. 

[0021] In a semiconductor integrated circuit according to 
a more speci?c mode for carrying out the present invention, 
the ?rst and second FETs (Q1, Q2) of each of the ?rst, 
second and third pass-transistor circuits (PT1, PT2, PT3) are 
n-channel MOSFETs. The logical-product signal (A-B) pro 
duced on the output node (Out) of the ?rst pass-transistor 
circuit (PT1) is supplied to the inputs of CMOS inverters 
(4000, 4002, 4003, 4004) supplied. The second complemen 
tary input signals to be supplied to the second pass-transistor 
circuit (PT2) are produced from the outputs of the CMOS 
inverters (4000, 4002, 4003, 4004). See FIG. 4. 

[0022] A serniconductor integrated circuit according to a 
most speci?c mode for carrying out the present invention 
comprises at least tWo logic circuits (LC1, LC2) having a 
circuit structure and a logic signal supplying scherne, both 
similar to those of the logic circuit mentioned above, and a 
synthesis logic circuit (LC12) Which logically processes 
output signals of the logic circuits (LC1, LC2). See FIGS. 
3 and 4. 
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[0023] Other objects and novel features of the present 
invention Will be apparent from the following description of 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic diagram of a logic circuit 
according to an embodiment of the present invention; 

[0025] FIG. 2 is a schematic diagram of the logic circuit 
according to another embodiment of the present invention; 

[0026] FIG. 3 is a schematic diagram of the 16-input AND 
circuit according to still another embodiment of the present 
invention; 
[0027] FIG. 4 is a schematic diagram of a 16-input AND 
circuit according to a variant embodiment of the present 
invention; and 

[0028] FIG. 5 is a schematic diagram of a 16-input AND 
circuit established by the inventors of the present invention. 

DESCRIPTION OF THE PREFERRED AND 
OTHER EMBODIMENTS 

[0029] Embodiments of the present invention Will be 
explained With reference to the draWings. 

[0030] FIG. 1 and FIG. 2 shoW the schematic diagrams of 
semiconductor integrated circuits including logic circuits 
according to different embodiments of the present invention. 
Circuit elements are formed in a single monocrystalline 
silicon semiconductor substrate based on the knoWn fabri 
cation techniques of semiconductor integrated circuits. 

[0031] The logic circuits of this semiconductor integrated 
circuit of these embodiments have ?rst to third pass-tran 
sistor circuit (PT1, PT2, PT3). 

[0032] Each pass-transistor circuit (PT1, PT2 or PT3) has 
a ?rst input node (Inl), a second input node (In2), an output 
node (Out), a ?rst FET (Q1) having its source-drain path 
coupled to the ?rst input node (Inl) and the output node 
(Out), and a second FET (Q2) having its source-drain path 
coupled to the second input node (In2) and the output node 
(Out). 
[0033] The ?rst FET (Q1) of the second pass-transistor 
circuit (PT2) has its gate responding to the signal on the 
output node (Out) of the ?rst pass-transistor circuit (PTl). At 
least one of the ?rst FET (Q1) and second FET (Q2) of the 
third pass-transistor circuit (PT3) has its source-drain path 
coupled to one of the ?rst input node (Inl) and output node 
(Out) of the second pass-transistor circuit (PT2). The ?rst 
input node (Inl) and second input node (In2) of the ?rst 
pass-transistor circuit (PTl) are supplied With ?rst and 
second input signals (B, GND), respectively, that are logi 
cally independent from each other. 

[0034] The ?rst and second FETs (Q1, Q2) of each pass 
transistor circuit (PT1, PT2 or PT3) are n-channel MOS 
FETS. 

[0035] CMOS inverter circuits (INVl, INV2, INV3) are 
coupled to the gates of the ?rst and second FETs (Q1, Q2) 
of the ?rst to third pass-transistor circuits (PT1, PT2, PT3), 
respectively. 

[0036] In a modi?ed embodiment, the second FETs (Q2) 
of the ?rst and third pass-transistor circuits (PT1, PT2, PT3) 
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may be replaced With p-channel MOSFETs. In this case, the 
CMOS inverter circuits (INVl, INV2, INV3) are eliminated, 
and the gates of the ?rst and second FETs (Q1, Q2) of each 
pass-transistor circuit can be connected directly. 

[0037] NeXt, the circuit structure and an operation of the 
logic circuit shoWn in FIG. 1 Will be explained in more 
detail. 

[0038] In the ?rst pass-transistor circuit (PTl), the ?rst 
n-channel FET (O1) is supplied on its gate With a logical 
input signal A that has either a high or loW level, and the 
second n-channel FET (O2) is supplied on its gate With an 
inverted signal /A of the logical input signal Aby Way of the 
CMOS inverter circuit (INVl). The ?rst input node (Inl) is 
supplied With a logical input signal B that has either a high 
or loW level, and the second input node (In2) is supplied With 
a ?Xed ground voltage (GND). Consequently, the ?rst pass 
transistor circuit (PTl) produces on its output node (Out) an 
output signal A-B that is the logical product of a logical input 
signals A and B. 

[0039] The logical output signal A-B of the ?rst pass 
transistor circuit (PTl) is delivered to the gate of the ?rst 
FET (Q1) of the second pass-transistor circuit (PT2), Which 
has the second FET (Q2) supplied on its gate With an 
inverted signal of AB by Way of the CMOS inverter circuit 
INV2. 

[0040] In the third pass-transistor circuit (PT3), the ?rst 
n-channel FET (O1) is supplied on its gate With a logical 
input signal C that has either a high or loW level, and the 
second n-channel FET (O2) is supplied on its gate With an 
inverted signal / C of the logical input signal C by Way of the 
CMOS inverter circuit (INV3). The ?rst input node (Inl) is 
supplied With a logical input signal D that has either a high 
or loW level, and the second input node (In2) is supplied With 
a ?Xed ground voltage (GND). Consequently, the third 
pass-transistor circuit (PT3) produces on its output node 
(Out) an output signal CD that is a logical product of the 
logical input signals C and D. 

[0041] The logical output signal CD of the third pass 
transistor circuit (PT3) is delivered to the ?rst input node 
(Inl) of the second pass-transistor circuit (PT2), Which has 
the ?rst FET (Q1) supplied on its gate With the logical output 
signal A-B of the ?rst pass-transistor circuit (PTl). Conse 
quently, the second pass-transistor circuit (PT2) produces on 
its output node (Out) an output signal A-B-C-D that is a 
logical product of the logical input signals A, B, C and D. 

[0042] Accordingly, the logic circuit Which includes the 
?rst to third pass-transistor circuits (PT1, PT2, PT3) of the 
embodiment shoWn in FIG. 1 functions as a 4-input AND 
circuit. A multi-input AND circuit obviously has a role of 
basic logic functions for random logic circuits Which require 
all logic functions, and therefore the logic circuit of this 
embodiment has very high practical advantage. 

[0043] The logic circuit of this embodiment can readily be 
modi?ed to accomplish more intricate logic functions. For 
eXample, the ?rst pass-transistor circuit (PTl) is supplied on 
its second input node (In2) With a logical input signal X that 
has either a high or loW level in place of the ?Xed ground 
voltage (GND). In this case, the ?rst pass-transistor circuit 
(PTl) produces on its output node (Out) a signal A~B+/A~X 
that is a logical sum of a logical-product signal /A~X (a 
logical product of the inverted logical input signal /A and 
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logical input signal X) and a logical-product signal A-B (a 
logical product of the logical input signals A and B). Finally, 
the second pass-transistor circuit (PT2) Will produce obvi 
ously on its output node (Out) a very intricate logical output 
signal. 
[0044] NoW, the circuit structure and an operation of the 
logic circuit shoWn in FIG. 2 Will be explained. 

[0045] In the ?rst pass-transistor circuit (PTl), the ?rst 
n-channel FET (Q1) is supplied on its gate With a logical 
input signal A that has either a high or loW level, and the 
second n-channel FET (Q2) is supplied on its gate With an 
inverted signal /A of the logical input signal Aby Way of the 
CMOS inverter circuit (INVI). The ?rst input node (Inl) is 
supplied With a logical input signal B that has either a high 
or loW level, and the second input node (In2) is supplied With 
a ?Xed ground voltage (GND). Consequently, the ?rst pass 
transistor circuit (PTl) produces on its output node (Out) an 
output signal A-B that is a logical product of the logical input 
signals A and B. 

[0046] The logical output signal A-B of the ?rst pass 
transistor circuit (PTl) is delivered to the gate of the ?rst 
FET (Q1) of the second pass-transistor circuit (PT2), Which 
has the second FET (Q2) supplied on its gate With an 
inverted signal of AB by Way of the CMOS inverter circuit 
(INV2). The second input node (In2) is supplied With a ?Xed 
ground voltage (GND). Consequently, the second pass 
transistor circuit (PT2) produces on its output node (Out) an 
output signal ABC that is a logical product of the logical 
input signals A, B and C. 

[0047] In the third pass-transistor circuit (PT3), the ?rst 
input node (Inl) is supplied With the logical output signal 
A-B-C from the output node (Out) of the second pass 
transistor circuit (PT2), the ?rst FET (Q1) is supplied on its 
gate With an inverted signal /D of a logical input signal D by 
Way of the CMOS inverter circuit (INV3), the second FET 
(Q2) is supplied on its gate With the logical input signal D, 
and the second input node (In2) is supplied With a ?Xed 
ground voltage (GND). Consequently, the third pass-tran 
sistor circuit (PT3) produces on its output node (Out) an 
output signal A~B~C~/D that is a logical product of the logical 
input signals A, B and C and inverted logical input signal /D. 

[0048] The logic circuit of this embodiment can readily be 
modi?ed to accomplish more intricate logic functions. For 
eXample, the ?rst to third pass-transistor circuits (PTl, PT2, 
PT3) are respectively supplied on their second input nodes 
(In2) With logical input signals X, Y and Z that have either 
a high or loW level, in place of the ?Xed ground voltage 
(GND). In this case, the third pass-transistor circuit (PT3) 
Will produce obviously on its output node (Out) a very 
intricate logical output signal. 

[0049] According to the foregoing embodiments of the 
present invention, it becomes possible to accomplishing 
more intricate logic functions by changing mutual coupling 
form of the ?rst to third pass-transistor circuits (PTl, PT2, 
PT3) and by complicating signal supplying schemes for 
supplying logical input signals to the ?rst and second input 
nodes (Inl, In2) of these pass-transistor circuits, While at the 
same time it is possible to reduce the number of transistors, 
poWer consumption and delay. 

[0050] For determining the mutual coupling form of the 
?rst to third pass-transistor circuits and signal supplying 
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schemes of logical input signals for these pass-transistor 
circuits, the binary decision diagram similar to that of the 
above-mentioned fourth prior art can be used. 

[0051] FIG. 5 shoWs a 16-input AND circuit established 
by the inventors of the present invention based on serial 
connection of 15 pass-transistor circuits. Since the critical 
path from a logical input signal Q to the output OUT of this 
circuit arrangement is serial connection of 15 pass-transistor 
circuits, the AND circuit suffers a very large signal propa 
gation delay. 
[0052] FIG. 3 shoWs in contrast a 16-input AND circuit 
according to further another embodiment of the present 
invention, Which reduces the signal propagation delay by 
application of the binary decision diagram. Each of logic 
circuit blocks (LCl, LC2, LC3 and LC4) has the same 
circuit structure as the logic circuit shoWn in FIG. 1. 
Accordingly, the logic circuit blocks (LCl, LC2, LC3 and 
LC4) produce a logical-product signal A-B-C-D, E~F~G~H, 
I~J~K~L and M~N~P~Q, respectively. 

[0053] Logic circuit blocks (LC12 and LC34) produce 
logical-product signals A~B~C~D~E~F~G~H and 
I~J~K~L~M~N~P~Q, respectively, and ?nally a logic circuit 
block (LC1234) produces a logical-product signal 
A-B~C~D~E~F~G~H~I~J-K-L-M-N-PQ. The critical path of the 
Whole AND circuit is serial connection of four pass-transis 
tor circuits, and the signal propagation delay can be reduced 
signi?cantly. 
[0054] FIG. 4 shoWs a modi?ed embodiment derived 
from the 16-input AND circuit of FIG. 3, Which recovers a 
loss in a signal level Which occurs during a signal passes 
through the pass-transistor circuits, by modifying the circuit 
structure and connection of the embodiment shoWn in FIG. 
3. 

[0055] It is knoWn that a signal that passes through a 
pass-transistor circuit formed solely of n-channel MOSFETs 
suffers a loss of a threshold voltage betWeen the gate-source 
voltage of the n-channel MOSFETS. In FIG. 4, CMOS 
inverters (4000, 4001, 4002, 4003, 4004, 4005 and 4006), 
included in the logic circuit blocks (LCl, LC2, LC3 and 
LC4) as ampli?ers, recovers the loss of the threshold volt 
age. Based on this circuit arrangement, each CMOS inverter 
produces a correct loW-level signal even if its high-level 
input signal has a slightly loWer voltage level. The signal 
supplying scheme of a signal to the gates of the output 
pass-transistor circuits of the logic circuit blocks (LCl, LC2, 
LC3, LC4) has been modi?ed, because the CMOS inverters 
(4000-4006) inverts logical inputs. Also, the signal supply 
ing scheme of a signal to the gates of the pass transistor 
circuits in the logic circuit diagram (LC12, LC34, LC1234) 
has been modi?ed. It is clear that the logic circuit block 
LC1234 produces a logical-product signal 
A-B~C-D-E-F-G-H-I-J-K-L-M-N-P-Q. 

[0056] While there have been described various embodi 
ments of the present invention, the present invention is not 
con?ned to these speci?c embodiments, but changes and 
modi?cations may be made obviously Within the scope of its 
technical idea. 

[0057] For eXample, the ?eld effect transistors used in the 
pass-transistor circuits are not con?ned to MOSFETs, but 
MESFETs formed of compound semiconductor of GaAs can 
also be used. Logic circuits including the inventive pass 



US 2001/0022521 A1 

transistor circuits of the present invention can obviously be 
applied to, for example, a random logic circuit Which 
controls an instruction execution unit by analyzing RISC 
type instructions in an LSI such as a general-purpose pro 
cessor, a signal processor or a video processor, thereby 
reducing the power consumption and delay of the Whole LSI 
circuit. 

[0058] The present invention offers a semiconductor inte 
grated circuit including pass-transistor circuits Which 
requires a smaller number of transistors and are capable of 
reducing the power consumption and delay and accomplish 
ing an intricate logic function. 

What is claimed is: 
1. A serniconductor integrated circuit, comprising: 

a logic circuit Which includes ?rst to third pass-transistor 
circuits, 

Wherein each of said ?rst to third pass-transistor circuits 
has, 

a ?rst input node, 

a second input node, 

an output node, 

a ?rst ?eld effect transistor having its source-drain path 
coupled to the ?rst input node and the output node, and 

a second ?eld effect transistor having its source-drain path 
coupled to the second input node and the output node, 

Wherein the ?rst ?eld effect transistor of said second 
pass-transistor circuit has its gate responding to a signal 
provided on the output node of said ?rst pass-transistor 
circuit, 

Wherein at least one of the ?rst ?eld effect transistor and 
second ?eld effect transistor of said third pass-transistor 
circuit has its source-drain path coupled to one of the 
?rst input node and the output node of said second 
pass-transistor circuit, and 

Wherein the ?rst input node and the second input node of 
said ?rst pass-transistor circuit are respectively sup 
plied With an input signal and another input signal, that 
are logically independent from each other. 

2. A serniconductor integrated circuit according to claim 

Wherein at least one of the ?rst ?eld effect transistor and 
the second ?eld effect transistor of said third pass 
transistor circuit has its source-drain path coupled to 
the ?rst input node of said second pass-transistor cir 
cuit, 

Wherein the ?rst and second ?eld effect transistors of said 
?rst pass-transistor circuit have their gates responding 
to ?rst cornplernentary input signals and become con 
ductive in a complementary fashion, 

Wherein the ?rst and second ?eld effect transistors of said 
second pass-transistor circuit have their gates respond 
ing to second cornplernentary input signals and become 
conductive in a complementary fashion, 

Wherein the ?rst and second ?eld effect transistors of said 
third pass-transistor circuit have their gates responding 
to third cornplernentary input signals and become con 
ductive in a complementary fashion, 

1, 

2, 
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Wherein said ?rst pass-transistor circuit produces on its 
output node a logical-product signal of the ?rst cornple 
rnentary input signals and the input signal supplied to 
the ?rst input node of said ?rst pass-transistor circuit, 

Wherein said third pass-transistor circuit produces on its 
output node a logical-product signal of the third 
cornplernentary input signals and the input signal sup 
plied to the ?rst input node of said third pass-transistor 
circuit, 

Wherein said second pass-transistor circuit is supplied 
With the second cornplernentary input signals that 
responds to the logical-product signal produced on the 
output node of said ?rst pass-transistor circuit and 
produces on its output node a synthesis logical-product 
signal from the logical-product signal on the output 
node of said ?rst pass-transistor circuit and the logical 
product signal on the output node of said third pass 
transistor circuit. 

3. A serniconductor integrated circuit according to claim 

Wherein at least one of the ?rst ?eld effect transistor and 
second ?eld effect transistor of said third pass-transistor 
circuit has its source-drain path coupled to the output 
node of said second pass-transistor circuit, 

Wherein the ?rst and second ?eld effect transistors of said 
?rst pass-transistor circuit have their gates responding 
to ?rst cornplernentary input signals and become con 
ductive in a complementary fashion, 

Wherein the ?rst and second ?eld effect transistors of said 
second pass-transistor circuit have their gates respond 
ing to second cornplernentary input signals and become 
conductive in a complementary fashion, 

Wherein the ?rst and second ?eld effect transistors of said 
third pass-transistor circuit have their gates responding 
to third cornplernentary input signals and become con 
ductive in a complementary fashion, 

Wherein said ?rst pass-transistor circuit produces on its 
output node a logical-product signal of the ?rst cornple 
rnentary input signals and the ?rst input signal supplied 
to its ?rst input node, 

Wherein said second pass-transistor circuit is supplied 
With the second cornplernentary input signals that 
responds to the logical-product signal produced on the 
output node of said ?rst pass-transistor circuit and 
produces on its output node a logical-product signal of 
the logical-product signal on the output node of said 
?rst pass-transistor circuit and said input signal 
received on the ?rst input node of said second pass 
transistor circuit, and 

Wherein said third pass-transistor circuit is supplied on its 
?rst input node With an input signal that responds to the 
logical-product signal produced on the output node of 
said second pass-transistor circuit and produces on its 
output node a synthesis signal of a logical-product 
signal of the logical-product signal produced on the 
output node of said second pass-transistor circuit and 
the third cornplernentary input signal. 

4. A serniconductor integrated circuit according to claim 

Wherein said ?rst and second ?eld effect transistors of 
each of said ?rst, second and third pass-transistor 
circuits of said logic circuit are n-channel MOSFETs, 
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wherein said logical-product signal produced on the out 
put node of said ?rst pass-transistor circuit is delivered 
to an input of a CMOS inverter circuit, said inverter 
circuit producing the second complementary input sig 
nals to be delivered to said second pass-transistor 
circuit. 

5. A serniconductor integrated circuit comprising: 

at least tWo logic circuits each having a circuit structure 
and a logic signal supplying scherne similar to those of 
the semiconductor integrated circuit set forth in claim 
1; and 
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a synthesis logic circuit for logically processing the output 
signals of said tWo logic circuits. 

6. A serniconductor integrated circuit comprising: 

at least tWo logic circuits each having a circuit structure 
and a logic signal supplying scherne similar to those of 
the semiconductor integrated circuit set forth in claim 
4; and 

a synthesis logic circuit for logically processing the output 
signals of said tWo logic circuits. 

* * * * * 


