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(57) ABSTRACT 

A Semiconductor integrated circuit of registers and combi 
national logic circuits connected between the registers is 
generated by a top-down design technique. When perform 
ing the logic Synthesizing of Such a Semiconductor inte 
grated circuit by making use of data of register transfer level, 
a combinational logic circuit with a critical path is driven 
with power from a high-voltage Source, a combinational 
logic circuit without a critical path is driven with power from 
a low-voltage Source, and a level converter capable of 
converting an input signal of low Voltage level into a 
high-voltage-level output is arranged in a register located 
upstream of a combinational logic circuit with a critical path. 
Compared with a technique in which only critical paths are 
driven with power from a high-voltage Source, it becomes 
easier to determine where to arrange level converters. 
Additionally, the number of level converters required can be 
reduced, thereby facilitating design work. Each combina 
tional logic circuit with a critical path is driven by the 
high-voltage Source, So that the power consumption 
increases in comparison with a case where only critical paths 
are driven by the high-voltage Source. However, the ratio of 
the number of combinational logic circuits with a critical 
path to the total number of combinational logic circuits 
contained in the whole Semiconductor integrated circuit is 
negligible, and other combinational logic circuits without a 
critical path are driven by the low-voltage Source. The entire 
power consumption of the Semiconductor integrated circuit 
can be reduced. 

12 Claims, 27 Drawing Sheets 
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Fig.10 

module demo 4 (c k l r , d) ; 
input C k l r ; 
Output (3 : Ol d, 
Wire 3 ... O C X 
reg (3 : Ol C 

function (3 : 0) fc ; 
input 
input (3 : 0) d, 

if (q < 4 d9) 
f d = q + 1 b1 ; 

else 

end function 

assign CX = f C (r., d) ; 

always 0 (posedge Clk) 
C = CX , 

end module 
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end function 
function func2; 

end function 
function func3; 

end function 
function func4; 

end function 
assign r1X = func1 (.. 
assign r2x = func2(. . . 
assign r3x = func3 (. . . 
assign rax = func4 (. . . 
always (pOsedge Clk) 

begin 
r1 = r 1x ; 
r2 = r2x; 
r3 = 3x; 
r4 = r^X; 

end 

end module 
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Fig.24 

module circuit (out inck); 
input in, Clk ; 
Output Out; 

reg r1, r2, r3 r 4; // REGISTER 
Wire r1X, r2X, r3x, rax; DEFINITION 

COMBINATIONAL 
function funct; // LOGIC func1 

C. RCUIT 

COMBINATIONAL 
// LOGIC 

CIRCUIT 
func2 

COMBINATIONAL 
// LOG C func3 

CIRCUIT 

COMBINATIONAL 
// LOGIC func4 

C. RCUIT 

// REGISTER TRANSFER 
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LOGIC SYNTHESIS METHOD AND 
SEMCONDUCTOR INTEGRATED CIRCUIT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

RELATED REISSUE APPLICATIONS 

This reissue application is a divisional of reissue appli 
cation Ser. No. 09/076,703, filed on May 13, 1998, now U.S. 
Pat. No. RE37475, which was a reissue application of Ser. 
No. 08/375,413, filed on Jan. 18, 1995, which issued as U.S. 
Pat. No. 5,517, 132. 

BACKGROUND OF THE INVENTION 

This invention relates to a logic Synthesis method for 
generating a Semiconductor integrated circuit from data of 
register transfer level. This invention particularly pertains to 
a logic Synthesis method for generating a low-power Semi 
conductor integrated circuit and to a low-power Semicon 
ductor integrated circuit. 

In recent years, a procedure known as a top-down design 
method has been used to lay out Semiconductor integrated 
circuits. In the top-down design method, a targeted Semi 
conductor integrated circuit is represented using functional 
descriptions of register transfer level (RTL). The processing 
of logic synthesis with the aid of RTL functional descrip 
tions is carried out to generate targeted Semiconductor 
integrated circuits. 

FIG. 24 shows a usual RTL functional description. FIG. 
25 shows a logic circuit, i.e., a Semiconductor integrated 
circuit, which is generated by means of a logic Synthesis 
technique using the FIG. 24 RTL functional description. 

The FIG. 24 RTL functional description is one which 
Specifies, at functional level, data transfer between registers. 
r1, r2, r3, and ral represent respective registers, func1, func2, 
func3, and func4 are functional descriptions of combina 
tional logic circuits connected between the registers. 
"assign' and "always' are Sentences describing the connec 
tions of the registers with the combinational logic circuits. 
When synthesizing a logic with the use of the FIG. 24 

RTL functional description, it is determined on an area/rate 
tradeoff curve by giving area or rate constraint requirements. 

In a logic of FIG. 25 generated from the FIG. 24 RTL 
functional description, 101, 103,105, and 107 are flip-flops 
as a result of the mapping of the registers r1, r2, r3, and ra 
by means of logic synthesis. The flip-flops 101, 103, 105, 
and 107 directly correspond to the respective registers r1, r2, 
r3, and ra. 108 is a clock buffer. 100, 102,104, and 106 are 
combinational logic circuits respectively corresponding to 
func1, func2, func3, and func4 of FIG. 24 RTL functional 
description. The combinational logic circuits 100, 102,104, 
and 106 are circuits that are mapped from the FIG. 24 RTL 
functional description as a Single circuit on an area/rate 
tradeoff curve. 

The power consumption P of the semiconductor inte 
grated circuit can be found by: 

where f is the operating frequency, C the load capacitance, 
and V the Supply Voltage. There are three ways of reducing 
the power consumption of the Semiconductor integrated 
circuit. The first way is to reduce the operating frequency f. 
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2 
The Second way is to reduce the load capacitance C. The 
third way is to reduce the Supply voltage V. Of these three 
ways the third one is considered as the most effective way. 

The third way, however, produces the problem that if the 
Supply Voltage is set low, this increases the delay time of a 
critical path that has the maximum delay time among a great 
many paths together forming a logic circuit. 
With a view to providing a solution to the above 

described problem, Japanese Patent Application, published 
under Pub. No. 5-299624, shows a technique. In accordance 
with this technique, discloses that logic gates, not required 
to operate at a high Speed, are driven by a low-voltage 
Source, whereas other logic gates, required to operate at a 
high speed, are driven by a high-voltage Source. In other 
words, this technique is trying to reduce the overall power 
consumption of the Semiconductor integrated circuit by 
driving only logic gates constituting a critical path using 
high Voltage, without increasing the delay time of critical 
path. This technique, however, Suffers the following draw 
backs. However, the foregoing Japanese Patent Application 
fails to disclose the use of two voltage Sources comprising a 
high and low voltage Source in conjunction with any given 
critical path. 
When downloading data from a low-voltage driven, slow 

Speed logic gate to a high-voltage-driven, high-Speed logic 
gate, this requires the provision of a level converter between 
these two logic gates in order that the output of the former 
logic gate increases in Voltage level. Such is shown in 
Japanese Patent Application, published under Pub. No. 
5-67963. Each combinational logic circuit of FIG. 25 is 
made up of a great many logic gates (see FIGS. 26 and 27). 
Suppose a critical path is one represented by bold line in the 
figures. In order to drive Such a critical path by a high 
Voltage Source, a level converter must be arranged at points 
marked with symbol o. In FIG. 26, eight level converters 
muse be placed. In FIG. 27, 12 level converters must be 
placed. Semiconductor integrated circuits of large-scale 
integration contain a great number of combinational logic 
circuits, therefore containing a great number of logic gates. 
Accordingly, in a Semiconductor integrated circuit of large 
Scale integration, a great number of level converters must be 
arranged in a Single combinational logic circuit with a 
critical path. Further, there are many combinational logic 
circuits containing a critical path. This means that the entire 
Semiconductor integrated circuit will have to contain an 
enormous number of level converters. With respect to a 
limited number of combinational logic circuits, it is possible 
to locate where to arrange level converters. However, if the 
entire Semiconductor integrated circuit of large-scale inte 
gration is concerned, to locate where to arrange level con 
verters is considerably troubleSome and is a time consuming 
job. Complicated design work is required. 

SUMMARY OF THE INVENTION 

Bearing in mind the above-mentioned problems with the 
prior art techniques, the present invention was made. It is 
therefore an object of the present invention to provide an 
improved logic Synthesis method design method for 
designing a Semiconductor device which is capable of facili 
tating the generation of low-power Semiconductor integrated 
circuits without increasing the delay time of a critical path 
contained in each combinational logic circuit of a targeted 
Semiconductor integrated circuit. It is another object of the 
present invention to provide a low-power Semiconductor 
integrated circuit, without causing the delay time of the 
circuit path to increase. 

In other words, an object of the present invention is to 
reduce the overall power consumption of the Semiconductor 
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integrated circuit by driving Only logic gates constituting a 
critical path using high voltage, without increasing the de 
time of the critical path. 

The following points were considered So as to accomplish 
the above-described objects of the present invention. AS 
shown in FIG. 25, a Semiconductor integrated circuit com 
prises a great many registers and a great many combina 
tional logic circuits arranged between the registers. If a level 
converter is arranged within the register, this eliminates the 
need for providing a level converter at every point requiring 
the provision of a level converter when driving a critical path 
by a high-voltage Source. This cuts down the number of 
points where a level converter must be placed. If a register 
is provided with a level converter, then it becomes necessary 
to drive an entire combinational logic circuit to which the 
level converter applies data by a high-voltage Source. 
However, the number of logic gates along a critical path is 
about 5% of the total number of logic gates in the entire 
Semiconductor integrated circuit. Therefore, the ratio of the 
number of combinational logic circuits with a critical path 
Versus the total number of combinational logic circuits 
contained in the entire Semiconductor integrated circuit is 
negligible. Because of this, driving a combinational logic 
circuit with a critical path by a high-voltage Source will not 
greatly increase the power consumption of the Semiconduc 
tor integrated circuit. 

The present invention provides a logic Synthesis method 
for Synthesizing, based on connection information of logic 
cells, a Semiconductor integrated circuit of a plurality of 
registers and a plurality of combinational logic circuits 
connected between the registers. This logic Synthesis 
method comprises: 

a first Step for mapping, when there exists among the 
plural combinational logic circuits a combinational 
logic circuit with a signal propagation delay time below 
a design delay upper limit, Such a combinational logic 
circuit into a combinational logic circuit of a first type 
driven by a low-voltage Source, and for mapping, when 
there exists among the plural combinational logic cir 
cuits a combinational logic circuit with a signal propa 
gation delay time above the design delay upper limit, 
Such a combinational logic circuit into a combinational 
logic circuit of a Second type driven by a high-voltage 
SOurce, 

a Second Step for determining which of the combinational 
logic circuits of the first type outputs to a combinational 
logic circuit of the Second type and for remapping a 
combinational logic circuit of the first type, determined 
to output to a combinational logic circuit of the Second 
type, into the Second-type: and 

a third step for determining which of the registers gener 
ates a signal to a combinational logic circuit of the 
Second type, for mapping a register, determined to 
generate a signal to a combinational logic circuit of the 
Second type, into a register driven by the high-voltage 
Source, and for mapping a register, determined not to 
generate a signal to a combinational logic circuit of the 
Second type, into a register driven by the low-voltage 
SOCC. 

The present invention provides a Semiconductor inte 
grated circuit having a plurality of registers and a plurality 
of combinational logic circuits connected between the reg 
isters. In this Semiconductor integrated circuit: 

part of the plural combinational logic circuits are formed 
by respective combinational logic circuit of a first type 
driven by a low Voltage Source and the remaining part 
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4 
of the plural combinational logic circuits are formed by 
respective combinational logic circuits of a Second type 
driven by a high-voltage Source; and 

of the plural registers a register that has a combinational 
logic circuit of the first type on its input Side and a 
combinational logic circuit of the Second type on its 
output Side is a circuit that has a temporary data Storage 
driven by the low-voltage Source and a level converter 
which is driven by the high-voltage Source and which 
converts a low-voltage-level output Signal, received 
from the temporary data Storage, into a high-voltage 
level output. 

The action of the present invention is as follows. A 
Semiconductor integrated circuit is made up of many regis 
ters and many combinational logic circuits connected 
between the registers, and Some of these combinational logic 
circuits have a critical path. A register arranged upstream of 
a combinational logic circuit with a critical path, i.e., a 
register that applies data to Such a critical-path-contained 
combinational logic circuit, is provided with a level con 
verted. The critical-path-contained combinational logic cir 
cuits are driven by a high-voltage Source. The remaining 
other combinational logic circuits are driven by a low 
Voltage Source. 

Since every combinational logic circuit with a critical 
path is driven by the high-voltage Source, the delay time of 
the critical path is held to below a design delay upper limit. 
Because of the provision of a level converter as described 
above, the number of level converters required can be 
reduced in comparison with a ease in which only critical 
paths are driven by the high-voltage Source. This consider 
ably facilitates the Semiconductor integrated circuit design. 
Even when driving each combinational logic circuit with a 
critical path by a high-voltage Source, the increase in power 
consumption is held low since the ratio of the number of 
combinational logic circuits with a critical path to the total 
number of combinational logic circuits with a critical path to 
the total number of combinational logic circuits is negli 
gible. Meanwhile, the other combinational logic circuits 
without a critical path are driven by the low-voltage Source, 
this greatly contributes to the reduction of the power con 
Sumption of the Semiconductor integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

The invention will be better understood from the follow 
ing description when considering with the accompanying 
drawing figures. 

FIG. 1 Schematically shows the entire image processor 
FIG. 2 schematically shows the entire semiconductor 

chip. 
FIG. 3 shows the connections of plural registers with 

plural combinational logic circuits in a Semiconductor inte 
grated circuit according to the present invention. 

FIG. 4 shows a flip-flop without a level converter. 
FIG. 5 shows a flip-flop with a level converter. 
FIG. 6a shows a level converter, and FIG. 6b shows 

another level converter. 
FIG. 7 shows a latch circuit without a level converter. 
FIG. 8 shows a latch circuit with a level converter. 

FIG. 9 shows the entire logic synthesis system. 
FIG. 10 shows a hardware description language. 
FIG. 11 is a diagram showing a net list. 
FIG. 12 is a diagram showing a Schematic. 
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FIG. 13 is a diagram illustrating a logic Synthesis method 
of the Semiconductor integrated circuit. 

FIG. 14 is a diagram illustrating another logic Synthesis 
method of the Semiconductor integrated circuit. 

FIG. 15 is a revision of the FIG. 13 logic synthesis 
method. 

FIG. 16 is a revision of the FIG. 14 logic synthesis 
method. 

FIG. 17a is a diagram illustrating the mapping of a 
combinational logic circuit into a Second-type combina 
tional logic circuit at the first Step. 

FIG. 17b is a diagram illustrating the remapping of a 
first-type combinational logic circuit into a Second-type 
combinational logic circuit at the Second step. 

FIG. 17c is a diagram illustrating the remapping of a 
first-type combinational logic circuit into a Second-type 
combinational logic circuit due to the Second Step remapping 
to a Second-type combinational logic circuit. 

FIG. 17d is a diagram illustrating the mapping of a 
register into a flip-flop with a level converter. 

FIG. 18 shows a targeted Semiconductor integrated cir 
cuit. 

FIG. 19 shows a scan flip-flop without a level converter. 
FIG. 20 shows a scan flip-flop with a level converter. 
FIG. 21 shows another scan flip-flop without a level 

COnVerter. 

FIG. 22 shows still another scan flip-flop with a level 
COnVerter. 

FIG. 23a Shows the relationship of the Signal propagation 
delay time versus the distribution of combinational logic 
circuits, in the prior art technique. 

FIG. 23b shows the relationship of the signal propagation 
delay time versus the distribution of combinational logic 
circuits, in the present invention. 

FIG. 24 shows a register transfer level description. 
FIG.25 is a diagram showing a conventional logic circuit. 
FIG. 26 is a diagram showing the placement of level 

converters when driving only a critical path in an arbitrary 
Semiconductor integrated circuit by a high-voltage Source. 

FIG. 27 is a diagram showing the placement of level 
converters when driving only a critical path in another 
arbitrary Semiconductor integrated circuit by a high-voltage 
SOCC. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring now to the accompanying drawing figures, a 
preferred embodiment of the present invention will be 
described below. 

FIG. 1 Schematically shows an image processor A 
employing a Semiconductor integrated circuit based on the 
present invention. 10 is an analog-to-digital converter 
(ADC) for converting an external Signal to a digital output. 
11 is a general-purpose dynamic random access memory 
(DRAM). 12 is a first semiconductor integrated circuit (SIC) 
of the present invention for reading data from the DRAM 11 
or writing data to the DRAM 11 while at the same time 
performing image processing. 13 is a general-purpose micro 
computer for controlling the first SIC 12.14 is a second SIC 
for performing further image processing upon receipt of a 
signal from the first SIC 12. 

15 is a high-voltage Source, e.g., a 3 V Source, which is 
arranged outside. 16 is a low-voltage Source, e.g., a 2 V 
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6 
Source, which is also arranged outside. The image processor 
A has a high-voltage line 17 associated with the high-voltage 
Source 15 and a low-voltage line 18 associated with the 
low-voltage Source 16. In order to reduce the power con 
Sumption of the image processor A, the low-voltage Source 
16 serves as a voltage source for the first and second SICs 
12 and 14 for image processing, and low voltage is applied 
through the low-voltage line 18 only to the first and second 
SICs 12 and 14. On the other hand, high-voltage is applied 
through the high-voltage line 17 to the ADC 10, to the 
DRAM 11, and to the micro computer 13. Since there is the 
need for increasing the interface Voltages among the circuits 
10–14, high Voltage is also applied to the first and Second 
SICs 12 and 14 via the high-voltage line 17. 
The low-voltage Source 16 may be an internal low-voltage 

Source as a result of lowering the Voltage of the high-voltage 
line 17 by its threshold voltage by means of an internal 
transistor. The Structure of Such an internal low-voltage 
Source is shown in Japanese Patent Application, published 
under Pub. No. 4-96369, which eliminates the need for the 
provision of the low-voltage Source 16. 
FIG.2 depicts the internal structure of the first SIC 12 for 

image processing. 20 is a chip. 21, 21, ... are input/output 
pads provided on the periphery of the chip 20. 22 is an 
internal core that is an area exclusive of the area for the 
input/output pads 21. Provided within the internal core 22 
are five functional blocks A, B, C, D, and E. The functional 
blocks A, B, C, D, and E are arithmetic processing circuits 
for performing their respective arithmetic operations. The 
functional block E is a memory cell Section with a Small 
storage capability, e.g., ROM and RAM. 
The present invention is applied to functional blocks other 

than the functional block E, i.e., the functional blocks A, B, 
C, and D of the first SIC 12. 

FIG. 3 shows a logic circuit diagram of an arbitrary 
functional block of the first SIC 12 (e.g., the functional block 
A). 
The functional block (i.e., a part of the SIC 12) as shown 

in FIG. 3 is a logic circuit as a result of the logic Synthesizing 
of the FIG. 24 RTL functional description. 2, 4, 6, and 8 are 
flip-flops respectively forming registers r1, r2, r3, and ral of 
the FIG. 24 RTL functional description. 1, 3, 5, and 7 are 
combinational logic circuits respectively forming func1, 
func2, func3, and func4 and are arranged in Such a way as 
shown in FIG. 3. In FIG. 3, the output of each combinational 
logic circuit is applied only to the next flip-flop. However, 
the output of a combinational logic circuit may be applied to 
another combinational logic circuit. 
The flip-flops 2, 6, and 8 are 2 V flip-flops driven by the 

low-voltage Source 16. The remaining flip-flop, i.e., the 
flip-flop 4, is a 2V/3 V flip-flop driven by both the low 
voltage source 16 and the high-voltage source 15. The 
flip-flop 4 contains therein a level converter which will be 
described later. On the other hand, the flip-flops 2, 6, and 8 
do not contain a level converter. The combinational logic 
circuits 1, 3, and 7 are 2 V combinational logic circuits 
driven by the low-voltage Source 16 (i.e., the first-type 
combinational logic circuit). The combinational logic circuit 
5, Since it is required to operate at a high Speed, is a 3 V 
combinational logic circuit driven by the high-voltage 
Source 15 (i.e., the Second-type combinational logic circuit). 

9 is a 2 V clock buffer driven by the low-voltage source 
16. This clock buffer 9 feeds a clock to each flip-flop 2, 4, 
6, and 8. 

FIG. 4 shows the structure of the flip-flops 2, 6, and 8 
without the aforesaid 2V level converter 30 is a master latch 
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that receives an external Signal D. 31 is a slave latch that is 
connected in Series with the output Side of the master latch 
30 and outputs a pair of Signals of opposite type, i.e., 
complementary Signals. The master latch 30 and the Slave 
latch 31, connected in Series, together constitute a temporary 
memory 36. 32 is an output buffer that is coupled to the 
output side of the slave latch 31. 33 is an internal clock 
generator for generating complementary internal clocks CK 
and NCK from an incoming CLK. These circuits 30–33 are 
2 V circuits driven by the low-voltage source 16. 

FIG. 5 shows the structure of the flip-flop 4 containing the 
aforesaid 2 V/3 V level converter. The flip-flop 4 of FIG. 5, 
like the flip-flop 2 of FIG. 4, has the master latch 30 and the 
Slave latch 31 which are connected together in Series and the 
internal clock generator 33. The flip-flop 4 further includes 
an output buffer 34 that is driven by the high-voltage source 
15 and a level converter 35 connected between the slave 
latch 31 and the output buffer 34. This level converter 35, 
which is a 2 V/3 V circuit, receives from the slave latch 31 
a pair of Signals of opposite type. There is a 2 V difference 
between the received pair of complementary signals. The 
level converter 35 then performs a level conversion on the 
received complementary signals in Such a way as to provide 
another pair of complementary signals with a 3 V difference 
between them. 

The level converter 35 will be described in detail by 
making reference to FIGS. 6a and 6b. Whereas 40 and 41 are 
PMOS transistors, 42 and 43 are NMOS transistors. The 
PMOS transistor 40 is connected in Series with the NMOS 
transistor 42 to form an in-series circuit. The PMOS tran 
sistor 41 is connected in series with the NMOS transistor 43 
to form another in-Series circuit. Both the in-Series circuits 
are arranged between the high-voltage Source 15 and the 
ground. The gate of the PMOS transistor 40 is connected to 
the drain of the NMOS transistor 43. The gate of the PMOS 
transistor 41 is connected to the drain of the NMOS tran 
Sistor 42. Complementary outputs are extracted from the 
drains of the NMOS transistors 42, 43. As a result of the 
above-described arrangement, the PMOS transistor 40 and 
the NMOS transistor 42 jointly function as an inverter, and 
the PMOS transistor 41 and the NMOS transistor 43 jointly 
function as an inverter. Due to the complementary outputs of 
the slave latch 31 of FIG. 5, the gate of the NMOS transistor 
48 is fed a low voltage of 2 V and the gate of the NMOS 
transistor 42 is fed a voltage of 0 V. The NMOS transistor 
43 turns on, and the NMOS transistor 42 turns off. Then, the 
PMOS transistor 40 turns on, and the PMOS transistor 41 
turns off. This results in establishing a connection between 
the drain of the NMOS transistor 42 and the high-voltage 
Source 15, and the drain of the NMOS transistor 43 is 
connected to ground, whereupon complementary outputs are 
produced, with a 3 V difference between them. The structure 
of FIG. 6a can perform the above-described low-to-high 
level conversion on the complementary outputs of the Slave 
latch 31 of FIG. 5, generating neither a current flow passing 
through from the high-voltage Source 15 to the low-voltage 
Source 16 nor a current flow passing through from the 
high-voltage Source 15 to ground (i.e., 0 V). 

FIG. 6b shows another level converter 35". This level 
converter 35' does not use the NMOS transistors 42 and 43 
of the level converter 35 (see FIG. 6a) but employs CMOS 
inverters 45 and 46 instead. The CMOS inverter 45 is 
formed by a PMOS transistor 47 and an NMOS transistor 
48, the PMOS transistor 47 and the NMOS transistor 48 
being connected in series. The CMOS inverter 46 is formed 
by a PMOS transistor 49 and an NMOS transistor 50, the 
PMOS transistor 49 and the NMOS transistor 50 being 
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8 
connected in series. On the one hand, the gates of the PMOS 
transistor 47 and the NMOS transistor 48 (i.e., the input 
terminal of the CMOS inverter 45) are fed one of the 
complementary outputs of the slave latch 31 of FIG. 5. On 
the other hand, the gates of the PMOS transistor 49 and the 
NMOS transistor 50 (i.e., the input terminal of the CMOS 
inverter 46) are fed the other of the complementary outputs 
of the slave latch 31. The output terminal of the CMOS 
inverter 45 (i.e., a connection point where the PMOS tran 
sistor 47 and the NMOS transistor 48 are connected 
together) is connected to the gate of a PMOS transistor not 
connected in series with the CMOS inverter 45, that is, the 
PMOS transistor 41. The output terminal of the CMOS 
inverter 46 is connected to the gate of the PMOS transistor 
40 not connected in series with the CMOS inverter 46. The 
outputs of the CMOS inverters 45 and 46 are the comple 
mentary outputs of the level converter 35". As a result of 
Such arrangement, the complementary outputs of the Slave 
latch 31 of FIG. 5 with a 2 V difference between them can 
be level-converted into another pair of complementary out 
puts with a 3 V deference between them, generating neither 
a current flow passing through from the high-voltage Source 
15 to the low-voltage Source 16 nor a current flow passing 
through from the high-voltage Source 15 to ground (i.e., 0 
V). Additionally, the PMOS transistors forming the CMOS 
inverters 45 and 46 work to control the flow of current 
passing through from the high-voltage Source 15 to ground, 
in a transient State. 
AS described above, the flip-flop 2 has on its input and 

output sides the 2 V combinational logic circuits 1 and 3. In 
other words, the flip-flop 2 is formed by low-voltage (i.e., 2 
V) circuits. On the other hand, the flip-flop 4 has the 2 V 
combinational logic circuit 3 on its input side and the 3 V 
combinational logic circuit 5 on its output side. In other 
words, the flip-flop 4 is formed by a low-voltage (i.e., 2 V) 
circuit and a high-voltage (3V) circuit. The flip-flop 6 has 
the 3 V combinational logic circuit 5 on its inputside and the 
2 V combinational logic circuit 7 on its outputside. In other 
words, the flip-flop 6 is formed by low-voltage circuits. 

In the description above, each register r1, r2, r3, r4 is 
formed by a flip-flop, but they may be formed by a latch. 
Such a latch is illustrated in FIGS. 7 and 8. FIG. 7 shows a 
2 V latch 51. The latch 51 has a latch section 52 (i.e., a 
temporary Storage), an output buffer 53, and an internal 
clock generator 54. The latch section 52 inputs a signal D 
and latches Same to generate complementary outputs. The 
output buffer 53 is connected to the output side of the latch 
Section 52. The internal clock generators 54 generates an 
internal clock NG from an external clock G and provides the 
generated internal clock NG to the latch section 52. The 
external clock G is also applied to the latch section 52. These 
circuits 52-54 are 2 V circuits driven by the low-voltage 
Source 16. FIG. 8 shows a 2 V/3 V latch 51". The latch 51" 
has the latch section 52 and the internal clock generator 54 
both receiving drive power from the low-voltage Source 16, 
an output buffer 55 receiving drive power from the high 
voltage source 15, and a level converter 56 which is con 
nected between the latch section 52 and the output buffer 55 
and which receives a pair of complementary Signals with a 
2 V difference between them thereby performing a level 
conversion to provide another pair of complementary signals 
with a 3 V difference between them. This level converter 56 
is identical in configuration with the one as shown in FIG. 
6a or 6b. 

Referring now to FIGS. 9, 13, and 14, a logic synthesis 
algorithm for generating, based on logic-cell connection 
information, a Semiconductor integrated circuit as shown in 
the FIG. 3 will be described below. 
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FIG. 9 shows the entire logic synthesis system 60. 61 is 
an input Section. 62 is a translation Section. 63 is an 
optimization Section. 64 is a cell mapping Section. 65 is a 
timing verifier. 66 is a circuit diagram generator. 67 is an 
output section. The input section 61 inputs either an RTL 
functional description (i.e., a hardware description 
language) such as shown in FIG. 10 or 24, a net list of FIG. 
11 which species the register-to-register Signal propagation 
relationship at logic cell connection information level on the 
basis of the RTL functional description, or a schematic of 
FIG. 12 as a result of schematizing the net list. The trans 
lation section 62 inputs an RTL functional description from 
the input section 61, thereby converting the received RTL 
functional description into State transition diagrams, Bool 
ean expressions, timing diagrams, and memory Specifica 
tions indicative of the type of memory, the number of bits, 
and the number of words and So on. 

The optimization Section 63 has the following compo 
nents: a State-transition-diagram optimization processing 
Section 63a for optimizing a State transition diagram 
obtained; a State machine generator 63b for generating a 
circuit, i.e., a State machine, corresponding to the optimized 
State transition diagram; a timing-diagram comelier 63c for 
compiling a timing diagram obtained; a memory Synthesis 
Section 63d for the Synthesizing of a memory according to 
memory Specifications obtained; and an interface-Section 
Synthesis Section 63e for the Synthesizing of an interface 
Section according to the compiled timing diagram and the 
synthesized memory. If the input section 61 inputs an RTL 
functional description, then the optimization Section 63 
performs, based on the obtained State machine, the obtained 
Boolean expression, and the Synthesized interface Section, 
the optimization of a logic in order to generate optimized 
logic cell connection information. On the other hand, if the 
input Section 61 inputs either a net list or a Schematic, then 
the optimization Section 63 performs the optimization of a 
logic for the net list or the Schematic. The optimization 
section 63 further has a logic optimization section 63f for 
generating connection information of a logic optimized. 

The output section 67 provides either a net list represent 
ing the FIG.3 logic circuit or a logic circuit diagram (i.e., a 
Schematic) as a result of Schematizing the net list, to the 
outside. 

The present invention pertains to the cell mapping Section 
64 as shown in FIG. 9. Cell mapping by means of the cell 
mapping Section 64, i.e., an algorithm for the logic Synthe 
sizing of the FIG. 3 SIC according to cell connection 
information generated by the logic optimization Section 63f, 
will now be described by reference to FIG. 13 Note that FIG. 
13 mainly illustrates features of the present invention. 

In a first procedure comprising Steps S1 to S4, a combi 
national logic circuit, having a signal propagation delay time 
below a design delay upper limit, is mapped to a combina 
tional logic circuit of a first type whose Source of power is 
the low-voltage source 16. On the other hand, a combina 
tional logic circuit, having a signal propagation delay time 
above the design delay upper limit, is mapped to a combi 
national logic circuit of a Second type whose Source of 
power is the high-voltage Source 15. 
The first procedure (S1-S4) proceeds as follows. In the 

first place, logic cell connection information is inputted from 
the logic optimization section 63f. Then, at step S1, by 
making use of Signal propagation delay times of a 2 V 
flip-flop and a 2 V combinational logic circuit, a signal 
propagation delay time from the time a clock is inputted to 
an arbitrary flip-flop to the time data is inputted to the 
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10 
next-stage flip-flop is evaluated for every signal propagation 
path. Such an evaluation is made as follows. Information 
about logic circuits including AND, NOR, and NOT circuits 
(e.g., the type of logic, the number of inputs, and the number 
of logic stages) is extracted. Based on the extracted infor 
mation as well as on the cell technology, a signal propaga 
tion delay time in mapping each logic into a cell is com 
puted. 

Step S2 determines whether or not the result of the 
evaluation is below the design delay upper limit. If found to 
be below the upper limit, then Such a combinational logic 
circuit is mapped to a first-type combinational logic circuit 
stored in a low-voltage (2 V) logic cell library (hereinafter 
referred to as “lib”) at step S3. On the other hand, if found 
to be above the upper limit, then the combinational logic 
circuit in question is mapped to a Second-type combinational 
logic circuit stored in a high-voltage (3V) logic cell library. 

In a Second procedure comprising StepS S5 to S6, the 
following processing is executed. Step S5 determines 
whether or not there exists Such an arrangement form that 
the output of a 2 V combinational logic circuit becomes the 
input of a 3 V combinational logic circuit. If step S5 says 
YES, then remapping is performed in order that the afore 
said 2 V combinational logic circuit (i.e., the first-type 
combinational logic circuit) is replaced with a 3Vlib's 
combinational logic circuit (the Second-type combinational 
logic circuit), at Step S6. 

Since what Voltage-type of combinational logic circuits to 
be arranged on the input and output Sides of a register has 
already been decided by the aforesaid logic Synthesis, a third 
procedure comprising steps S7 to S9 is performed as fol 
lowS. Checking is made to determine whether or not each 
register performs a level conversion from low to high 
voltage (i.e., from 2 V to 3 V). If the result is YES, then at 
Step S8 a register (a flip-flop or latch), found to perform a 
low-to-high level conversion, is mapped into the FIG. 52 
V/3 V flip-flop or into the FIG. 82 V/3 V latch. If the result 
is NO, then at step S9 a register, found not to perform a 
low-to-high level conversion, is mapped into the FIG. 42 V 
flip-flop or into the FIG. 72 V latch. 

FIG. 14 shows a revision of the FIG. 13 logic synthesis. 
In the FIG. 13 logic Synthesis, the Signal propagation delay 
time is evaluated in the first procedure, and, depending upon 
the result of the evaluation, mapping is carried out. The 
revisional logic synthesis of FIG. 14 proceeds as follows. 
First, at Step S10, a combinational logic circuit is mapped to 
a 2Vlib’s combinational logic circuit (i.e., the first-type 
combinational logic circuit). Then, at Step 11, a check is 
made to determine whether or not the result of the mapping 
thus performed is below the design delay upper limit. If 
found to be above the delay upper limit, then remapping is 
performed in order that the aforesaid 2Vlib combinational 
logic circuit as a result of the Step S10 mapping is replaced 
with a 3Vlib combinational logic circuit (i.e., the Second 
type combinational logic circuit), at Step S12. The Second 
and third procedures of the revisional logic Synthesis and 
their counterparts of the FIG. 13 logic synthesis are the 
Same, So that they are not described here. 

FIG. 15 is another revision of the FIG. 13 logic synthesis 
method algorithm. This revision has an extra Step in the first 
procedure, i.e., step S13. This step S13 is a step for previ 
ously extracting, when Step S2 produces results of the Signal 
propagation delay time evaluation in exceSS of the design 
delay upper limit, every combinational logic circuit of the 
first type (i.e., 2Vlib) that has a signal propagation delay 
time in excess of the design delay upper limit. This is 
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followed by Step S4 for mapping these extracted first-type 
combinational logic circuits into the Second type. The Sec 
ond procedure also has an extra Step, i.e., Step S14. This Step 
S14 is a Step for previously extracting, when it is found that 
there exist combinational logic circuits of the first type 
which are mixed with combinational logic circuits of the 
Second type, all of these combinational logic circuits of the 
first type. This is followed by step S6 for remapping these 
extracted combinational logic circuits of the first type into 
the Second type. In addition, the Second procedure has an 
extra algorithm So that the program returns to Step S5 from 
step S6. The reason of why such an algorithm is provided is 
to cope with the problem that Step S6 may result in produc 
ing a new mixed situation in which combinational logic 
circuits of the first type are mixed with combinational logic 
circuits of the second type. This problem is solved by the 
aforesaid algorithm by which the program will return to Step 
S5. 

FIG. 16 is still another revision of the FIG. 14 logic 
Synthesis method algorithm. In this revision, the first pro 
cedure has an extra step, i.e., step S15. When it is found that 
there exists a combinational logic circuit or more of the first 
type with a Signal propagation delay time above the design 
delay upper limit (step S11), every Such a combinational 
logic circuit of the first type is previously extracted by Step 
S15. The Second procedure has an extra Step, i.e., Step S16. 
This Step S16 is a step for previously extracting, when it is 
found that there exist combinational logic circuits of the first 
type which are mixed with combinational logic circuits of 
the Second type (Step S5), these combinational logic circuits 
of the first type. In addition, the Second procedure has an 
extra algorithm So that the program returns to Step S5 from 
step S6. The reason of why Such an algorithm is provided is 
to cope with the problem that Step S6 may result in produc 
ing a new mixed situation in which combinational logic 
circuits of the first type are mixed with combinational logic 
circuits of the second type. This problem is solved by the 
aforesaid algorithm by which the program will return to Step 
S5. 

AS described above, when Some combinational logic 
circuits of the first type are found to have a signal propa 
gation delay time above the design delay upper limit, these 
combinational logic circuits of the first type are mapped into 
combinational logic circuits of the second type of FIG. 17a 
which are hatched in the figure. If Some combinational logic 
circuits of the first type are found to be mixed with combi 
national logic circuits of the Second type, then these com 
binational logic circuits of the first type are remapped to 
combinational logic circuits of the second type of FIG. 17b 
which are hatched in the figure. If Such remapping produces 
a new mixed situation, then another remapping proceSS is 
carried out to eliminate Such a situation. After this, when 
each flip-flop converts a low-voltage (2 V) input into a 
high-voltage (3 V) output, it is mapped into a respective 2 
V/3 V flip-flop of FIG. 7d that is hatched in the figure. 

FIG. 18 shows an embodiment of the present invention in 
which the FIG. 13 logic synthesis method is applied to an 
SIC different from the FIG. 3 SIC. 

FIG. 18 illustrates an SIC that employs as a register a 
flip-flop for scan testing. 80, 81, 82, 83, and 84 are 2 V/3 V 
Scan flip-flops, and other Scan flip-flops are 2 V Scan 
flip-flops. 

FIG. 19 shows the structure of the 2 V scan flip-flop. In 
addition to the components of the FIG. 4 flip-flop, the 
flip-flop of the FIG. 19 further has a multiplexer 90. The 
multiplexer 90 receives its drive power from the low-voltage 
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Source 16, selects between data D or data DT according to 
a control Signal SE, and outputs a Selection. The data D or 
the data DT, whichever is selected, is inputted to the master 
latch 30. With regard to the same components as the FIG. 4 
flip-flop, the same reference numbers are assigned. 

FIG. 21 shows another 2 V scan flip-flop. In addition to 
the components of the FIG. 4 flip-flop, the flip-flop of the 
FIG. 21 further has a data input selector 91. The data input 
selector 91 inhibits the data DT from being inputted when 
the master latch 30 inputs the data D by an external clock 
CLK. The data input selector 91 inputs the data DT by 
another clock CLKT when the master latch 30 inhibits the 
data D from being inputted. 92 is an internal clock generator 
that receives the external clock CLK and the clock CLKT 
thereby generating two types of clocks, i.e., internal clockS 
CK and NCK. These generated internal clocks CK and NCK 
are applied to the master latch 30 and to the slave latch 31. 

FIG. 20 shows a 2 V/3 V scan flip-flop. In addition to the 
master latch 30, the slave latch 31, the internal clock 
generator 33, and the multiplexer 90 of the FIG. 192V scan 
flip-flop, the FIG. 202 V/3 V scan flip-flop further includes 
a 3 V output buffer 95 and a 2 V/3 V level converter 96. The 
2 V/3 V level converter 96 is connected between the slave 
latch 31 and the output buffer 95. The structure of the 2 V/3 
V level converter 96 is the same as the one shown in FIG. 
6a or FIG. 6b. 

FIG.22 shows another 2 V/3 V scan flip-flop. In addition 
to the master latch 30, the slave latch 31, the internal clock 
generator 92, and the data input selector 91 of the FIG. 21 
2 V scan flip-flop, the FIG.222 V/3 V scan flip-flop further 
has a 3 V output buffer 97 and a 2 V/3 V level converter 98. 
The 2 V/3 V level converter 98 is connected between the 
slave latch 31 and the output buffer 97. The structure of the 
2 V/3 V level converter 98 is the same as the one shown in 
FIG. 6a or FIG. 6b. 
A way of generating the FIG. 18 SIC by means of logic 

synthesis will now be described below. Suppose that the 
combinational logic circuits 86, 87, and 88 each have a 
critical path. According to the FIG. 13, the combinational 
logic circuits 86, 87, and 88 are mapped into 3Vlib combi 
national logic circuits (i.e., the Second-type combinational 
logic circuit) at the first procedure, and the other combina 
tional logic circuits are mapped into 2Vlib combinational 
logic circuits (i.e., the first-type combinational logic circuit). 

Next, at the Second procedure (i.e., the combinational 
logic circuit remapping procedure), the combinational logic 
circuit 89 is remapped into a 3Vlib combinational logic 
circuit. Then, at the third procedure (i.e., the register (flip 
flop) mapping procedure), the flip-flops 80, 81, 82, 83, and 
84 are mapped into 2 V/3 V flip-flops while on the other 
hand the other flip-flops are mapped into 2 V flip-flops. 

In the FIG. 18 SIC thus generated, the low-voltage (2 V) 
logic lib and the high-voltage (3V) logic lib are present as 
a mixture. Each combinational logic circuit is driven by the 
low-voltage Source or by the high-voltage Source, and the 
level conversion from low to high Voltage is performed by 
the level converter within the 2 V/3 V scan flip-flop. 
The FIG. 18 SIC has eight scan chains as shown in the 

figure by broken line So that the transmission of Signals is 
made not via the combinational logic circuits but only via 
plural Scan flip-flops in the Scan test mode. For example, in 
a scan chain associated with an input Si3, the 2 V/3 V scan 
flip-flop 81 performs a level conversion from 2 V to 3 V in 
the normal mode, and the next-stage scan flip-flop 99 
performs a level conversion from 3 V to 2 V. Therefore, even 
when employing the FIG. 20 or FIG.22 scan flip-flop, it is 
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possible to perform Scan testing on the SIC of the present 
invention in which the 2 V circuit and the 3 V circuit are 
present as a mixture, even in the Scan test mode in which 
Signals takes a different route, i.e., a route passing through 
a Scan chain. 

The present invention has been described in terms of the 
functional block A. The present invention may be applied to 
the remaining functional blocks, i.e., the functional blockS 
B-D. The present invention may be applicable between the 
functional blocks A-D. 

In accordance with the logic Synthesis of the present 
invention, each combinational logic circuit with a critical 
path is designed in Such a way as to receive drive power 
from the 3 V high-voltage Source, and a level converter is 
arranged within a register provided upstream of Such a 
critical-path-contained combinational logic circuit. This 
eliminates the need for individually determining where to 
place a level converter within a combinational logic circuit 
with a critical path when driving a critical path by the 
high-voltage Source. Additionally, the number of level con 
verters required can be reduced, therefore facilitating the 
SIC design work. Further, although each combinational 
logic circuit with a critical path is driven by power from the 
high-voltage Source 15, the number of combinational logic 
circuits with a critical path is low in comparison with the 
total number of combinational logic circuits contained in the 
SIC. Therefore, the increase in power consumption is 
controlled, and the remaining combinational logic circuits 
without a critical path are driven by power from the low 
Voltage Source 16, whereupon the entire SIC consumes leSS 
power. Low power SICs can be realized. 

The FIG. 3 SIC of the present invention is compared with 
the FIG. 25 SIC of the prior art. In the conventional SIC, the 
combinational logic circuits 100, 102, 104, and 106 have 
Signal propagation delay times, i.e., 6 ns, 12 ns, 18 ns, and 
8 ns, respectively. Delay from the time a clock is inputted to 
a flip-flop to the time data is outputted from the flip-flop is 
2 ns and the combinational logic circuit 104 has the maxi 
mum delay time of 18 ns, So that the maximum operating 
frequency of the FIG. 25 SIC is: 

1000/(2+18)=50 MHz. 

In the FIG. 3 SIC of the present invention, the combina 
tional logic circuit 5 with a critical path has a delay time of 
18 ns because it receives its drive power from the high 
voltage source 15. The delay times of the combinational 
logic circuits 1, 3, and 7 increase with the delay of the logic 
cell because of the level conversion from 3 V into 2 V. 
Additionally, in the FIG. 3 SIC, the design delay upper limit 
is Set at 20 ns. It is Supposed that in the case of the 
low-voltage (2 V) source the cell delay time becomes 1.5 
times longer than the high-voltage (3V) Source. The maxi 
mum of the delay times of the combinational logic circuits 
1, 3, and 7 without a critical path is less than or equal to the 
delay time of the combinational logic circuit 5 with a critical 
path (i.e., 18 ns). 

In the present invention, two power Sources, i.e., the 
low-voltage Source 16 and the high-voltage Source 15, are 
provided. The combinational logic circuit 3 without a critical 
path and the combinational logic circuit 5 with a critical path 
each have a signal propagation delay time of 18 ns, and 
delay from the time each flip-flop 2 and 4 receives a clock 
to the time each flip-flop 2 and 4 outputs data is 2 ns. 
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Therefore, the maximum operating frequency of the SIC of 
the present embodiment is: 

1000/(2+18): 50 MHz. 

The same maximum operating frequency as accomplished 
by the conventional SIC can be obtained even when the 
combinational logic circuits 3 and 5 are driven by the 
low-voltage Source 16. 

FIG. 23 shows delay from the time a flip-flop receives a 
clock to the time the next-stage flip-flop inputs data. More 
specifically, FIG. 23 shows the distribution of signal propa 
gation delays found by Summing delay times of a register 
and a combinational logic circuit. FIG. 23a is for the 
conventional 3 V. FIG. 23b is for the 2 V/3 V SIC of the 
present invention. If the Supply Voltage is changed from 3 V 
down to 2 V in the conventional SIC, this causes the 
maximum delay time to increase from 20 ns to 30 ns and the 
delay time of the critical path exceeds the design delay upper 
limit of 20 ns. Conversely, in the SIC of the present 
invention, it is So designed that only combinational logic 
circuits containing therein a critical path receive their drive 
power from the high-voltage Source 15 and the other com 
binational logic circuits containing no critical path receive 
drive power from the low-voltage source 16. As a result of 
Such arrangement, the delay time of the critical path does not 
exceed the design delay upper limit of 20 ns (see FIG. 23b). 

Next, the conventional SIC and the present invention SIC 
are compared in power consumption. If the power consump 
tion of the conventional SIC is P, a low- and high-voltage 
source (2 V and 3 V) are employed, the ratio of the critical 
path to the entire circuit is 10%, and an incremental power 
consumption due to a difference in circuit structure between 
the 2 V/3 V flip-flop of the present invention and the 
conventional flip-flop is 10%, then the power consumption 
of the SIC of the present invention is found by: 

The present SIC consumes 49 percent less power than the 
conventional SIC. 

If the ratio of the critical path to the entire circuit is 5%, 
then the power consumption of the SIC of the present 
invention is found by: 

The present SIC consumes 52 percent less power than the 
conventional SIC. 

Finally, the conventional SIC and the present invention 
SIC are compared in circuit size. If the circuit size of the 
conventional SIC is S, the ratio of the flip-flop to the entire 
SIC is 20%, the ratio of the critical path to the entire SIC is 
10%, and an incremental area due to a difference in circuit 
structure between the 2 V/3 V flip-flop of the present 
invention and the conventional flip-flop is 10%, then the 
circuit size of the SIC of the present invention is found by: 

The present SIC increases in size only by 0.2%. 
If the ratio of the critical path to the entire circuit is 5%, 

then the circuit size of the SIC of the present invention is 
found by: 
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In this case, the present SIC increases in size only by 
O.1%. 

The invention claimed is: 
1. A logic Synthesis method for Synthesizing, based on 

connection information of logic cells, a Semiconductor inte 
grated circuit of a plurality of registers and a plurality of 
combinational logic circuits connected between said 
registers, Said logic Synthesis method comprising: 

a first Step for mapping, when there exists among Said 
plural combinational logic circuits a combinational 
logic circuit with a signal propagation delay time below 
a design delay upper limit, Such a combinational logic 
circuit into a combinational logic circuit of a first type 
driven by a low-voltage Source, and for mapping, when 
there exists among Said plural combinational logic 
circuits a combinational logic circuit with a signal 
propagation delay time above the design delay upper 
limit, Such a combinational logic circuit into a combi 
national logic circuit of a Second type driven by a 
high-voltage Source; 

a Second Step for determining which of Said combina 
tional logic circuits of the first type outputs to a 
combinational logic circuit of the Second type and for 
remapping a combinational logic circuit of the first 
type, determined to output to a combinational logic 
circuit of the Second type, into the Second-type; and 

a third Step for determining which of Said registers 
generates a signal to a combinational logic circuit of the 
Second type, for mapping a register, determined to 
generate a signal to a combinational logic circuit of the 
Second type, into a register driven by the high-voltage 
Source, and for mapping a register, determined not to 
generate a signal to a combinational logic circuit of the 
Second type, into a register driven by the low-voltage 
Source. 

2. A logic Synthesis method according to claim 1, 
wherein Said first Step comprises: 

evaluating a Sum of a signal propagation delay time of a 
combinational logic circuit and a signal propagation 
delay time of a register driven by the low-voltage 
Source; and 

mapping, when there exists a combinational logic circuit 
with respect to which Said evaluation Step yields a 
result below the design delay upper limit, Such a 
combinational logic circuit into the first type, and 
mapping, when there exists a combinational logic cir 
cuit with respect to which Said evaluation Step yields a 
result above the design delay upper limit, Such a 
combinational logic circuit into the Second type. 

3. A logic Synthesis method according to claim 1 wherein 
Said first Step comprises: 

mapping each said combinational logic circuit into the 
first-type; 

determining which of Said combinational logic circuits 
has a signal propagation delay time above the design 
delay upper limit, and mapping a combinational logic 
circuit of the first type, determined to have a signal 
propagation delay time above the design delay upper 
limit, into the second type. 

4. A logic Synthesis method according to claim 1 wherein 
Said Second step comprises: 

determining whether said first-to-Second type remapping 
creates a layout in which a combinational logic circuit 
of the first type gives its output to a combinational logic 
circuit of the Second type, and repeatedly remapping, if 
there Still exists a combinational logic circuit of the first 
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type that outputs to a combinational logic circuit of the 
Second type, Such a combinational logic circuit of the 
first type into the second type. 

5. A logic Synthesis method according to claim 1 wherein 
register-transfer-level design data describing a plurality of 
registers and a plurality of combinational logic circuits 
connected between Said registers is input, and Said logic cell 
connection information of Said first Step is generated from 
said input register-transfer-level design data. 

6. A logic Synthesis method according to claim wherein 
a net list describing logic cell connection information is 
input, and Said logic cell connection information of Said first 
Step is generated from Said input cell connection informa 
tion. 

7. A logic Synthesis method according to claim 1 wherein 
a Schematic describing logic cell connection information is 
input, and Said logic cell connection information of Said first 
Step is generated from Said input logic cell connection 
information. 

8. A logic Synthesis method according to any of claims 
5-7 wherein said logic cell connection information based on 
Said register-transfer-level design data, on Said net list, or on 
Said Schematic is optimized, and Said optimized logic cell 
connection information Serves as Said logic cell connection 
information of Said first step. 

9. A logic Synthesis method according to any of claims 
1-4 further including a step after Said third Step for Verifying 
each timing of Said registers. 

10. A semiconductor integrated circuit having a plurality 
of registers and a plurality of combinational logic circuits 
connected between Said registers wherein: 

part of Said plural combinational logic circuits are formed 
by respective combinational logic circuits of a first type 
driven by a low-voltage Source and the remaining part 
of Said plural combinational logic circuits are formed 
by respective combinational logic circuits of a Second 
type driven by a high-voltage Source; and 

of Said plural registers a register that has a combinational 
logic circuit of the first type on its input Side and a 
combinational logic circuit of the Second type on its 
output Side is a circuit that has a temporary data Storage 
driven by the low-voltage Source and a level converter 
which is driven by the high-voltage Source and which 
converts a low-voltage-level output Signal, received 
from Said temporary data Storage, into a high-voltage 
level output. 

11. A semiconductor integrated circuit according to claim 
10 wherein: 

of Said plural registers a register that has combinational 
logic circuits of the first type on its input and output 
Sides and a register that has a combinational logic 
circuit of the Second type on its input Side and a 
combinational logic circuit of the first type on its output 
Side are circuits which are driven by the low-voltage 
Source and which do not contain Said level converter; 
and 

of Said plural registers a register than has combinational 
logic circuits of the Second type on its input and output 
Sides is a circuit which is driven by the high-voltage 
Source and which contains said level converter for 
converting a low-voltage-level output signal, received 
from Said temporary data Storage, into a high-voltage 
level output. 

12. A semiconductor integrated circuit according to 
either claim 10 or claim 11 further including a clock feed 
means which is driven by the low-voltage Source and which 
feeds a clock to each said register. 
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13. A semiconductor integrated circuit according to claim 
10 wherein: 

of Said plural registers a register containing Said level 
converter is formed by a flip-flop; 

Said flip-flop including: 
a master latch and a slave latch which are driven by the 

low-voltage Source and which are connected in Series, 
an output buffer which is driven by the high-voltage 

Source; and 
a level converter which is connected between Said Slave 

latch and said output buffer and which converts a 
low-voltage-level Signal, received from Said Slave 
latch, into a high-voltage Signal, to provide Same to Said 
output buffer 

14. A semiconductor integrated circuit according to claim 
11 wherein: 

of Said plural registers a register not containing Said level 
converter is formed by a flip-flop; 

Said flip-flop including: 
a master latch and a slave latch which are driven by the 

low-voltage Source and which are connected in Series, 
and 

an output buffer which is driven by the low-voltage source 
and which receives an output signal of Said slave latch. 

15. A semiconductor integrated circuit according to claim 
10 wherein: 

of Said plural registers a register containing Said level 
converter is formed by a latch; 

Said latch including: 
a latch Section which is driven by the low-voltage Source; 
an output buffer which is driven by the high-voltage 

Source; and 
a level converter which is connected between said latch 

Section and Said output buffer and which converts a 
low-voltage-level Signal, received from Said latch 
Section, into a high-voltage Signal, to provide same to 
said output buffer 

16. A semiconductor integrated circuit according to claim 
11 wherein: 

of Said plural registers a register not containing Said level 
converter is formed by a latch; 

Said latch including: 
a latch Section which is driven by the low-voltage Source; 

and 
an output buffer which is driven by the low-voltage source 

and which receives an output Signal of Said latch 
Section. 

17. A semiconductor integrated circuit according to any 
of claims 10 and 11 wherein said plural registers are formed 
by respective flip-flops for Scan testing. 

18. A semiconductor integrated circuit according to claim 
17 wherein of Said Scan testing flip-flops a Scan testing 
flip-flop that contains Said level converter includes: 

a multiplexer which is driven by the low-voltage Source 
and which Selects one of a plurality of input data items 
according to an external control Signal; 

a master latch and a slave latch which are driven by the 
low-voltage Source, which receive signals from Said 
multiplexer, and which are connected in Series, 

an output buffer which is driven by the high-voltage 
Source; and 

a level converter which is connected between Said Slave 
latch and said output buffer and which converts a 
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low-voltage-level Signal, received from Said Slave 
latch, into a high-voltage Signal, to provide Same to Said 
output buffer 

19. A semiconductor integrated circuit according to claim 
17 wherein of Said Scan testing flip-flops a Scan testing 
flip-flop that contains Said level converter includes: 

a data input Selector which is driven by the low-voltage 
Source and which Selects one of a plurality of input data 
items according to a clock signal; 

a master latch and a slave latch which are driven by the 
low-voltage Source, which receive signals from Said 
data input Selector, and which are connected in Series, 

an output buffer which is driven by the high-voltage 
Source; and 

a level converter which is connected between Said Slave 
latch and said output buffer and which converts a 
low-voltage-level Signal, received from Said Slave 
latch, into a high-voltage Signal, to provide Same to Said 
output buffer 

20. A semiconductor integrated circuit according to any 
of claims 13, 15, 18, and 19 wherein: 

said level converter is formed by two PMOS transistors 
and two NMOS transistors; 

one of said two PMOS transistors has a gate and a drain, 
Said gate and Said drain respectively being connected 
with a drain and a gate of the other PMOS transistor, 
and Sources of said two PMOS transistors are con 
nected to the high-voltage Source; 

one of said two NMOS transistors has a gate at which one 
of a pair of complementary signals from Said Slave 
latch is applied, and the other NMOS transistor has a 
gate at which the other of Said pair of complementary 
signals is applied, and drains of said two NMOS 
transistors are connected to the drains of Said two 
PMOS transistors, and Sources of Said two NMOS 
transistors are connected to ground; and 

a potential at each of the drains of said two NMOS 
transistors is provided in the form of a signal. 

21. A semiconductor integrated circuit according to any 
of claims 13, 15, 18, and 19 wherein said level converter 
includes two PMOS transistors and two CMOS inverters; 

each said CMOS inverter being formed by a PMOS 
transistor and an NMOS transistor connected in series 
wherein gates of said PMOS and NMOS transistors 
together Serve as an input terminal and an in-Series 
connection between said PMOS transistor and said 
NMOS transistor serves as an output terminal; 

said input terminal of one of said two CMOS inverters 
being fed one of a pair of complementary Signals from 
Said Slave latch, and Said input terminal of the other 
CMOS inverter being fed the other of said pair of 
complementary Signals from Said Slave latch; 

said two PMOS transistors having drains connected to 
Sources of Said PMOS transistors of Said CMOS 
inverters, and Said Sources being connected to the 
high-voltage Source; 

Sources of said NMOS transistors of said two CMOS 
inverters being connected to ground; 

said output terminal of each said CMOS inverter being 
connected to a gate of a PMOS transistor not connected 
in Series there with; and 

a potential at each of Said output terminals of Said two 
CMOS inverters being provided in the form of a 
signal. 

22. A semiconductor integrated circuit according to any 
of claims 10 and 11 wherein low and high voltages are 
provided from outside Said Semiconductor integrated cir 
cuit. 
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23. A semiconductor integrated circuit according to any 
of claims 10 and 11 further including an area for input pads, 
and an internal core Section within which a plurality of 
registers, a plurality of combinational logic circuits, and a 
memory cell Section are arranged. 

24. A Semiconductor integrated circuit comprising. 
a first logic gate driven by a low-voltage Source, 
a plurality of Second logic gates driven by a high-voltage 

Source, at least One of Said plurality of Second logic 
gates having multiple input ports for receiving distinct 
input Signals, and 

a register adapted to receive a clock input, Said register 
having an input port and an Output port, Said input port 
being coupled to Said first logic gate and Said Output 
port being coupled to Said plurality of Second logic 
gates, Said plurality of Second logic gates forming a 
critical path, 

Said register having level conversion means which 
receives and Stores a low-voltage Output Signal from 
Said first logic gate, converts the level of the Stored 
low-voltage Output Signal into a level of a high-voltage 
Signal and then Outputs the high-voltage Signal to Said 
plurality of Second logic gates. 

25. The Semiconductor integrated circuit of claim 24, 
wherein Said level conversion means comprises a temporary 
data Storage means which utilizes the low-voltage Source aS 
a voltage Source thereof and a level converter which utilizes 
the high-voltage Source as a voltage Source thereof, Said 
level converter operative for converting a level of a low 
voltage Output Signal of the temporary data Storage into a 
level of a high-voltage Output Signal. 

26. The semiconductor integrated circuit of claim 24, 
wherein the first logic gate forms a portion of a first 
combinational circuit and the plurality of Second logic gates 
form a portion of a Second combinational circuit, each of the 
first and Second combinational circuits including One Signal 
propagation path. 

27. The Semiconductor integrated circuit of claim 26, 
wherein the first combinational circuit does not include any 
of Said plurality of Second logic gates. 

28. The Semiconductor integrated circuit of claim 26, 
wherein the Second combinational circuit does not include 
the first logic gate. 

29. The Semiconductor integrated circuit of claim 26, 
wherein the first combinational circuit and the Second 
combinational circuit include both the first logic gate and 
the Second logic gates. 

30. The Semiconductor integrated circuit of claim 24, 
wherein Said plurality of Second logic gates are coupled in 
Series with One another: 
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31. The Semiconductor integrated circuit of claim 24, 

wherein Said plurality of Second logic gates are coupled in 
Series with One another with no intervening memory ele 
ments disposed therebetween. 

32. The Semiconductor integrated circuit of claim 31, 
wherein One of said plurality of second logic gates is directly 
coupled to the Output port of Said register. 

33. A Semiconductor integrated circuit comprising a plu 
rality of combinational circuits, each of Said combinational 
circuits having One Signal propagation path contained 
within Said combinational circuit, 

Said plurality of combinational circuits including a first 
combinational circuit utilizing a low-voltage Source as 
a voltage Source thereof, and a Second combinational 
circuit utilizing a high-voltage Source as a voltage 
Source thereof, 

wherein, the Signal propagation paths contained in Said 
Second combinational circuit and a predetermined 
combinational circuit Other than Said first and Second 
combinational circuits, Share a portion, SO that Said 
Second combinational circuit and Said predetermined 
combinational circuit have at leaSt One logic gate in 
common, Said Second combinational circuit and pre 
determined combinational circuit each providing a 
Separate input to Said common logic gate, 

each of Said predetermined combinational circuit and 
Said Second combinational circuit includes at leaSt One 
logic gate Other than Said common logic gate, which is 
disposed On a portion of the Signal propagation path 
Other than Said portion Shared by the Signal propaga 
tion paths of Said predetermined combinational circuit 
and Said Second combinational circuit, and 

at leaSt Said common logic gate and Said portion Shared 
by the Signal propagation paths of Said predetermined 
and Second combinational circuits are driven by the 
high-voltage Source. 

34. The Semiconductor integrated circuit of claim 33, 
wherein, in the predetermined combinational circuit, a part 
of the Signal propagation path Other than the common logic 
gate and which is a path located posterior to the common 
logic gate, is driven by the high-voltage Source. 

35. The Semiconductor integrated circuit of claim 34, 
wherein, in the predetermined combinational circuit, a part 
of the Signal propagation path Other than the common logic 
gate and which is a path located anterior to the common 
logic gate, is driven by the low-voltage SOurce. 


