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(57) ABSTRACT 

A semiconductor device includes: a power Supply; a circuit 
block that has at least one storage element and operates by 
receiving a power Supply Voltage from the power Supply; a 
power management unit that controls the power Supply to 
change the power Supply Voltage; and a storage element 
monitor circuit that generates a first malfunction signal at a 
first margin Voltage that is higher than a Voltage at which the 
storage element does not normally operate in a case where the 
power Supply Voltage lowers, wherein the power manage 
ment unit controls the power Supply so that the power Supply 
Voltage does not become lower than the first margin Voltage. 
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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon and claims the ben 
efit of priority of the prior Japanese Patent Application No. 
2013-259107, filed on Dec. 16, 2013, the entire contents of 
which are incorporated herein by reference. 

FIELD 

0002. The embodiments discussed herein are related to a 
semiconductor device. 

BACKGROUND 

0003. In recent years, reduced power consumption of a 
semiconductor device (LSI) has been further strongly 
demanded. Accordingly, power consumption is reduced by 
lowering an operating frequency in a case where a load 
decreases. Further, it is desired that power consumption is 
reduced with satisfaction of demanded performance in spite 
of manufacturing variability, temperature change, and so 
forth. 
0004 For example, in a case where a threshold value (Vth) 
of a transistor increases due to the manufacturing variability, 
an operation rate of the transistor becomes slow, and a signal 
propagation delay of a circuit increases. Thus, it is desired 
that a high power supply voltage VDD is set to decrease the 
delay so that a demanded operating frequency is satisfied. 
0005. On the other hand, in a case where the threshold 
value (Vth) of the transistor decreases due to the manufactur 
ing variability, the operation rate of the transistor becomes 
fast, and a leakage current amount of the circuit increases, 
resulting in an increase in energy consumption. Thus, it is 
desired that a low power supply voltage VDD is set to reduce 
the energy consumption of the circuit to a limit in which the 
demanded operating frequency is satisfied in spite of the 
delay. 
0006. Accordingly, a power supply voltage is controlled in 
accordance with the operating frequency, the manufacturing 
variability, and the temperature change, and energy consump 
tion per performance is thereby reduced while demanded 
performance is satisfied. This is referred to as an adaptive 
Voltage Scaling (AVS) power management technology. 
0007. There are cases where the AVS power management 
technology is applied to the entire circuit of the semiconduc 
tor device and where the semiconductor device is divided into 
a plurality of circuit blocks and control of power Supplies to 
the circuit blocks is performed while including distribution of 
loads to the circuit blocks. In order to control the power 
Supplies to the circuit blocks, independent power Supplies are 
provided for the circuit blocks, and at least one of the circuit 
blocks individually controls the power supply voltage. In the 
following description, a description will be made about a case 
where the AVS power management technology is applied to 
the entire circuit or the single circuit block. 
0008. In a common AVS management technology, the 
power Supply Voltage is lowered as much as possible in a 
range in which the circuit blocks normally operate. A deter 
mination of whether or not the circuit normally operates is 
made by measuring the delay of the circuit, for example. In 
general, the delay of the circuit is measured by providing a 
delay monitor circuit that has a ring oscillator and a counter 
and measuring a change in a frequency of the ring oscillator 
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that changes in accordance with the power Supply Voltage by 
counting a change in an output signal. Then, a determination 
is made whether or not the delay that is obtained from a count 
value is smaller than the delay with which the demanded 
operating frequency is satisfied. 
0009 Examples of related art are Japanese Laid-open 
Patent Publication Nos. 2003-115750, 08-272491, 2003 
194858, and 2010-098202; Muramatsu Atsushi, et al., “12% 
Power Reduction by Within-Functional-Block Fine-Grained 
Adaptive Dual Supply Voltage Control in Logic Circuits with 
42 Voltage Domains”, ESSCIRC, 2011; and Fuketa Hiroshi, 
et al., "12.7-times energy efficiency increase of 16-bit integer 
unit by power supply voltage (VDD) scaling from 1.2 V to 
310 mV enabled by contention-less flip-flops (CLFF) and 
separated VDD between flip-flops and combinational logics'. 
International Symposium, pp. 163-168, ISLPED, 2011. 
0010. It has been known that when the power supply volt 
age reaches a very low Voltage area (0.5 V or lower), an 
influence of local variation (random variation) of the thresh 
old value Vth of the transistor becomes more significant and 
increases a possibility that a flip-flop does not operate (mal 
functions) in an individual cell. However, an above method 
that uses the delay monitor circuit may not detect a phenom 
enon in which the flip-flop malfunctions at a low power Sup 
ply Voltage. On the other hand, in a case where the power 
Supply Voltage is low, an acceptable delay becomes large 
because the operation rate of the circuit is slow. 
0011 Thus, there is a case where the power supply voltage 
lowers to a voltage at which the circuit does not operate when 
the demanded operating frequency lowers (for example, sev 
eral hundred kHz or lower) in a semiconductor device that 
uses the AVS power management technology by using the 
delay monitor circuit. 

SUMMARY 

0012. According to an aspect of the invention, a semicon 
ductor device includes: a power Supply; a circuit block that 
has at least one storage element and operates by receiving a 
power Supply Voltage from the power Supply; a power man 
agement unit that controls the power Supply to change the 
power Supply Voltage; and a storage element monitor circuit 
that generates a first malfunction signal at a first margin 
Voltage that is higher than a Voltage at which the storage 
element does not normally operate in a case where the power 
Supply Voltage lowers, wherein the power management unit 
controls the power Supply so that the power Supply Voltage 
does not become lower than the first margin Voltage. 
0013 The object and advantages of the invention will be 
realized and attained by means of the elements and combina 
tions particularly pointed out in the claims. 
0014. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the invention, 
as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

0015 FIG. 1 illustrates a schematic configuration of a 
semiconductor device in which an AVS technology is applied 
to a single power Supply that Supplies a power Supply Voltage 
to an entire circuit; 
0016 FIG. 2 explains control of the single power supply 
illustrated in FIG. 1 in the AVS technology: 
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0017 FIG. 3 is an operation state transition diagram that 
illustrates an operation sequence of the semiconductor device 
to which the AVS technology is applied: 
0018 FIG. 4 is a timing diagram that illustrates an opera 
tion of the semiconductor device to which the AVS technol 
ogy is applied: 
0019 FIG.5A-5C illustrate a circuit example of a flip-flop 
(FF) and the relationship between power supply voltage con 
trol by an AVS power management technology and a mini 
mum operating voltage VDDmin of the FF: 
0020 FIG. 6 is a timing diagram in a case where an opera 
tion rate of a transistor is fast in the semiconductor device to 
which the AVS power management technology is applied and 
the semiconductor device operates without restricting the 
VDD to the VDDminor higher; 
0021 FIG. 7 illustrates a circuit configuration of a semi 
conductor device of a first embodiment; 
0022 FIG. 8 explains control in the AVS technology that is 
executed in the first embodiment; 
0023 FIG. 9 is a block diagram that illustrates a configu 
ration example of a flip-flop (FF) monitor circuit; 
0024 FIG. 10 is a circuit diagram that illustrates a more 
specific configuration example of the FF monitor circuit; 
0025 FIG. 11 is a circuit diagram that illustrates another 
configuration example of the FF monitor circuit; 
0026 FIG. 12A-12C illustrate a configuration example of 
the FF in a malfunction circuit; 
0027 FIG. 13 illustrates a result of an operation simula 
tion of the FF monitor circuit of FIG. 10; 
0028 FIG. 14 is an operation state transition diagram that 
illustrates an operation sequence of the semiconductor device 
to which the AVS technology of the first embodiment is 
applied; 
0029 FIG. 15 is a block diagram that illustrates a circuit 
configuration of a power management unit (PMU); 
0030 FIG. 16 is a timing diagram that illustrates an opera 
tion of the PMU; 
0031 FIG. 17 illustrates a circuit configuration of an FF 
monitor circuit of a semiconductor device of a second 
embodiment; 
0032 FIG. 18 illustrates another circuit configuration of 
the FF monitor circuit of the semiconductor device of the 
second embodiment; 
0033 FIG. 19 is an operation state transition diagram that 
illustrates an operation sequence of the semiconductor device 
to which the AVS technology of the second embodiment is 
applied; 
0034 FIG. 20 is a block diagram that illustrates a circuit 
configuration of a power management unit (PMU) of the 
semiconductor device of the second embodiment; 
0035 FIG. 21 is a timing diagram that illustrates an opera 
tion of the PMU of the second embodiment; 
0036 FIG. 22 is a timing diagram that illustrates the 
operation of the PMU of the second embodiment; 
0037 FIG. 23 illustrates a modification example of the FF 
monitor circuit; FIG. 24A-24B illustrate input and output 
signals and an operation of a replica counter and a malfunc 
tion counter, in which FIG. 24A illustrates the input and 
output signals and FIG. 24B is a timing diagram that illus 
trates an operation; 
0038 FIG. 25A-25B illustrate a modification example of 
an FF that malfunctions when the power supply voltage VDD 
becomes lower than a first margin Voltage; and 
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0039 FIG. 26 illustrates another modification example of 
the FF that malfunctions when the power supply voltageVDD 
becomes lower than the first margin Voltage. 

DESCRIPTION OF EMBODIMENTS 

0040. A common power management technology will be 
described before embodiments are described. 

0041 FIG. 1 illustrates a schematic configuration of a 
semiconductor device in which an AVS technology is applied 
to a single power Supply that Supplies a power Supply Voltage 
to an entire circuit. 

0042. The semiconductor device has a circuit block 1, a 
power supply 6, a power management unit (PMU) 7, and a 
phase locked loop (PLL) 8. Although there is a configuration 
in which the power supply 6, the PMU 7, and the PLL 8 are 
provided outside an LSI and only the circuit block 1 is pro 
vided in the LSI, configurations that include such a case are 
also referred to as the semiconductor device. 
0043. The power supply 6 supplies a power supply voltage 
VDD to the circuit block 1 and so forth (including the PMU 7 
and the PLL 8). The power supply 6 changes the power supply 
voltage VDD in accordance with a command from the PMU 
7. The PMU 7 receives a system clock SYSCLK that is 
externally supplied (or separately generated internally), 
receives information about a delay from the delay monitor 
circuit 5 that will be described later, and outputs a power 
management signal (Up, Down, or Hold) to control the power 
supply voltage VDD that is output by the power supply 6. The 
PMU 7 further controls an operation state of the delay moni 
tor circuit 5. Although not illustrated, the PMU 7 receives 
information about a load State of the semiconductor device in 
Some manner and controls the power Supply 6 in accordance 
with the information. The PLL 8 generates an internal clock 
CLK from the system clock SYSCLK and supplies the inter 
nal clock CLK to the circuit block 1. Although not illustrated, 
the PLL 8 receives a command about a frequency of the 
internal clock CLK in Some manner (for example, from the 
PMU 7) and generates the internal clock CLK of a frequency 
of the command. 

0044) The circuit block 1 has a large number of circuit 
elements that include a flip-flop (FF)2, a combinational logic 
circuit 3, and an FF4. The FF 2 synchronously operates with 
the internal clock CLK that is supplied from the PLL 8, and 
outputs a signal from another circuit portion or from the 
outside to the combinational logic circuit 3 synchronously 
with the internal clock CLK. The combinational logic circuit 
3 receives signals from the FF 2 and an FF that is not illus 
trated, performs a logical operation, and outputs the signals to 
the FF 4. The FF 4 synchronously operates with the internal 
clock CLK, and outputs a signal from the combinational logic 
circuit 3 to another circuit portion or the outside synchro 
nously with the CLK. 
0045. The circuit block 1 is formed with a ring oscillator 
and a counter and has the delay monitor circuit 5 that receives 
the system clock SYSCLK and the internal clock CLK and 
generates a delay of the circuit in a case where an operation is 
performed at the power supply voltage VDD. An examination 
for a delay of a circuit (transistor) with which the circuit block 
1 does not malfunction and normally operates is in advance 
performed, and a delay of the delay monitor circuit 5 that 
corresponds to the delay is set. An operation state (On or Off) 
of the delay monitor circuit 5 is controlled in accordance with 
a control signal EN from the PMU 7. 
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0046. The PMU 7 receives the information about the load 
state of the semiconductor device and controls the power 
supply 6 so that the power supply voltage VDD lowers as 
much as possible in a range in which delay information of the 
delay monitor circuit 5 satisfies a preset condition. 
0047 FIG. 2 explains control of a single power supply 
illustrated in FIG. 1 in the AVS technology. An upper side of 
FIG. 2 illustrates a change in a delay of the circuit (transistor) 
with respect to a change in the power Supply VoltageVDD and 
illustrates cases where operation rates of the transistor are 
slow and fast. A lower side of FIG. 2 illustrates an example of 
a change in circuit energy consumption with respect to the 
change in the power supply voltage VDD and illustrates the 
cases where the operation rates of the transistor are slow and 
fast. Illustrated curves change also in accordance with a tem 
perature condition. 
0048. On the upper side of FIG. 2, the circuit normally 
operates in a case where the delay is lower than a demanded 
operating frequency line Delay and malfunctions in a case 
where the delay is higher than the line. As illustrated, the 
delay lowers as the power supply voltage VDD lowers. How 
ever, the power supply voltage VDD that realizes the 
demanded operating frequency of the circuit differs between 
the case where the operation rate of the transistor is slow and 
the case where the operation rate of the transistor is fast. 
0049. In a case where the AVS technology is not applied, in 
consideration of manufacturing variability, the power Supply 
voltage VDD is set high so that the delay becomes necessarily 
lower than the demanded operating frequency line Delay even 
in a case where the operation rate of the transistor is slow. 
Thus, as illustrated in the lower side of FIG. 2, in a case where 
a transistor whose operation rate is fast is manufactured, the 
energy consumption increases because the power Supply Volt 
age VDD is set high and a leakage current amount of the 
circuit increases. In other words, the high power Supply Volt 
age VDD is set despite the fact that the energy consumption 
may be reduced by further lowering the power Supply Voltage 
VDD. 

0050. As illustrated in the lower side of FIG. 2, in a case 
where the AVS technology is applied, the delay of an actually 
manufactured transistor is measured by the delay monitor 
circuit 5, and the energy consumption is reduced by further 
lowering the power Supply Voltage VDD to a limit in a case 
where the operation rate of the transistor is fast. 
0051 FIG. 3 is an operation state transition diagram that 
illustrates an operation sequence of the semiconductor device 
to which the AVS technology is applied. 
0052. As illustrated in FIG. 3, the operation sequence 
starts from “START and transits among the states of “POW 
ERFULL”, “MONITORON”, “VDDDOWN, and 
“VDDUP. Descriptions of the states and triggers of transi 
tion in the States of “VDDDOWN’ and “VDDUP are indi 
cated in a chart of FIG.3, and descriptions thereof will not be 
made. 
0053. In the AVS technology, the power supply voltage 
VDD is lowered when the delay is smaller than the limit, and 
the VDD is increased when the delay becomes greater than 
the limit. 
0054 FIG. 4 is a timing diagram that illustrates an opera 
tion of the semiconductor device to which the AVS technol 
ogy is applied. 
0055. The operation starts from “START, and the VDD 
increases in "POWERFULL and increases to a maximum 
value of 1.2 V, for example. 

Jun. 18, 2015 

0056. The PMU 7 turns the EN that is output to the delay 
monitor circuit 5 on (high) in “MONITORON'. In response 
to this, the delay monitor circuit 5 measures and outputs the 
delay. Here, it is assumed that the delay of a limit line of the 
demanded operating frequency is “10. The VDD is the maxi 
mum value, the delay is thus small, and “1” is output, for 
example. 
0057. Because the delay is lower than the limit line, the 
state transits to “VDDDOWN, and the VDD is lowered by a 
unit amount. Repeating this leads to a stepwise increase of the 
delay, and the delay of the limit line increases (to “11”) 
exceeding “10'. In response to this, the state transits to 
“VDDUP, and the VDD is increased by the unit amount. 
Because the VDD increases, the delay again becomes '10'. 
and the state transits to “VDDDOWN’. Such an operation is 
repeated subsequently. Accordingly, the VDD is controlled so 
that the delay is around the limit line. 
0058. The circuit block 1 actually does not normally oper 
ate in a case where the delay that is output by the delay 
monitor circuit 5 is “12, for example. In such a case, the 
delay of the limit line of the demanded operation frequency is 
set to '10'. Accordingly, malfunction does not occur during 
the operation. 
0059 FIG. 5 illustrates a circuit example of the flip-flop 
(FF) and the relationship between power supply voltage con 
trol by an AVS power management technology and a mini 
mum operating voltage VDDmin of the FF. FIG. 5A illus 
trates a circuit diagram of a tri-state based FF (TBFF), FIG. 
5B illustrates a clock generation circuit that makes the TBFF 
operate, and FIG. 5C illustrates the relationship between the 
AVS power management technology and the minimum oper 
ating voltage VDDmin of the FF. A large number of the FFs 
are used for the combinational logic circuit or the like 
although not limited to the TBFF. 
0060. The TBFF has a master latch 11 and a slave latch 12. 
The master latch 11 has inverters 13 to 15 that are connected 
as illustrated. As illustrated in FIG. 5B, a clock supplied to the 
inverter 13 and 15 is generated by inputting the internal clock 
CLK to two inverters 17 and 18 that are serially connected. 
The master latch 11 and the slave latch 12 have a same 
configuration. The TBFF has been widely known, and a fur 
ther description will thus not be made. 
0061. In FIG. 5A, outputs of the inverters 13 and 15 are 
connected in a wired-OR connection at a node that is repre 
sented by a reference numeral 16 and become an input to the 
inverter 14. It is known that when the power supply voltage 
VDD enters a very low voltage area (for example, 0.5 V or 
lower), an influence of local variation (random variation) of a 
threshold value Vth of the transistor becomes more signifi 
cant, an electric potential of the node 16 becomes insufficient, 
and malfunction occurs. Thus, when the power Supply Volt 
age VDD enters the very low voltage area, a possibility that 
the flip-flop (FF) does not operate (malfunctions) in an indi 
vidual cell increases. Here, a limit of the power Supply Voltage 
VDD that allows a normal operation of the FF is referred to as 
FF minimum operating voltage VDDmin. 
0062. As illustrated in FIG. 5C, in the AVS power man 
agement technology based on the delay, the power Supply 
voltage VDD is lowered in the range in which the delay 
becomes Smaller than the demanded operating frequency 
line. Inacase where the threshold valueVthis of the transistor 
of the circuit block 1 whose operation rate is slow, the VDD is 
increased to a certain degree in order to make the delay 
Smaller than the demanded operating frequency line. Thus, 
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the power supply voltage VDD does not lower to the 
VDDmin, and malfunction of the FF thus does not occur. 
However, when the threshold value Vth of the transistor of the 
circuit block 1 is largely offset to the fast side, the power 
supply voltage VDD may lower to the VDDmin in a state 
where the delay is smaller than the demanded operating fre 
quency line. In other words, it is insufficient that the power 
supply voltage VDD is controlled only in accordance with the 
delay, and control is desired that avoids a case where the 
power supply voltage VDD becomes lower than the voltage 
VDDmin at which the FF malfunctions. 

0063 FIG. 6 is a timing diagram in a case where the 
operation rate of the transistor is fast in the semiconductor 
device to which the AVS power management technology is 
applied and the semiconductor device operates without 
restricting the VDD to the VDDmin or higher. 
0064. In FIG. 6, it is assumed that the delay of the limitline 
of the demanded operating frequency is “100'. When the 
VDD is the maximum value (=1.2V), the delay is small, and 
“1” is output, for example. 
0065. When the state transits to “VDDDOWN and the 
VDD is sequentially lowered, the VDD becomes lower than 
the VDDmin before the delay exceeds “100. The VDD is 
controlled such that the delay becomes around “100', then the 
VDD continuously stays lower than the VDDmin, and the FF 
does not operate. 
0066. However, the AVS power management technology 
that uses the delay monitor circuit may not detect a phenom 
enon in which the flip-flop malfunctions at the low VDD. 
Thus, there is a problem that the power supply voltage VDD 
lowers to a Voltage at which the circuit does not operate 
(malfunctions) when the demanded operating frequency low 
ers (for example, several hundred kHz or lower) in related art. 
0067. A semiconductor device that performs an AVS 
power management of embodiments described below con 
trols the power Supply Voltage so that malfunction does not 
occur and reduces energy consumption. 
0068 FIG. 7 illustrates a circuit configuration of a semi 
conductor device of a first embodiment. 

0069. The semiconductor device of the first embodiment 
has a power Supply in which the power Supply Voltage is 
variable. The AVS power management technology is applied 
to the semiconductor device. 

0070 The semiconductor device of the first embodiment 
has the circuit block 1, the power supply 6, the PMU 7, and the 
PLL 8. 

(0071. The circuit block 1 has the FF 2, the combinational 
logic circuit 3, the FF 4, the delay monitor circuit 5, and a 
flip-flop (FF) monitor circuit 31. 
0072. In other words, the semiconductor device of the first 
embodiment is different from the above-described semicon 
ductor device illustrated in FIG. 1 in a point that the FF 
monitor circuit 31 is provided and the PMU 7 uses warning 
signals Warning and Hold that are output by the FF monitor 
circuit 31 for control, and the other elements are the same. 
Thus, a description will be made about the FF monitor circuit 
31 and the PMU 7, and a description about the other circuit 
elements will not be made. The FF monitor circuit 31 outputs 
the warning signal Warning immediately before the VDD 
lowers exceeding the FF minimum operating Voltage (VD 
Dmin) at which the FF does not operate. Further, an operation 
state (on or off) of the FF monitor circuit 31 is controlled by 
the PMU 7. 
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0073. A description will first be made about generation of 
the warning signal Warning by the FF monitor circuit 31 and 
control by using that by the PMU 7. 
0074 FIG. 8 explains control in the AVS technology that is 
executed in the first embodiment. An upper side of FIG. 8 
illustrates a change in a delay of the circuit (transistor) with 
respect to a change in the power Supply Voltage VDD and 
illustrates cases where operation rates of the transistor are 
slow and fast. A lower side of FIG. 8 illustrates an example of 
a change in circuit energy consumption with respect to the 
change in the power supply voltage VDD and illustrates the 
cases where the operation rates of the transistor are slow and 
fast. The upper side of FIG. 8 is the same as FIG. 5B, a range 
in which the delay is Smaller than the demanded operating 
frequency line and the VDD is higher than the FF minimum 
operating Voltage is an operating range, and control is per 
formed so that the VDD falls within the range. Malfunction of 
the FF occurs when the VDD becomes lower than the FF 
minimum operating Voltage. Because it is not preferable that 
the FF malfunctions during the operation, a Voltage that is 
slightly higher than the FF minimum operating Voltage is set 
as a first margin voltage. The FF monitor circuit 31 produces 
the warning signal Warning when the VDD becomes lower 
than the first margin Voltage. 
(0075. In the above-described AVS technology of FIG. 5B, 
as illustrated in the lower side of FIG. 8, the VDD is lowered 
to a Voltage indicated by Xin a case where the operation rate 
of the transistor is fast because the delay is smaller than the 
demanded operating frequency line even when the VDD is 
largely lowered. However, the FF does not operate in this 
state. By contrast, in the first embodiment, when the FF 
monitor circuit 31 produces the warning signal Warning in a 
case where the VDD is lowered, that is, when the VDD 
becomes lower than the first margin Voltage (the point indi 
cated by Yin FIG. 8), control is performed such that the VDD 
is conversely increased by a unit amount. Accordingly, the 
VDD does not become lower than the FF minimum operating 
voltage, and the FFs 2 and 4 in the circuit block 1 normally 
operate. 
0076 Summarizing AVS management in the first embodi 
ment, the FF monitor circuit 31 produces the warning signal 
Warning before the VDD lowers to the FF minimum operat 
ing voltage (VDDmin). 
(0077. Further, the PMU 7 outputs an instruction to make 
the power supply 6 increase the VDD when the PMU 7 
receives the warning signal Warning. 
0078 FIG. 9 is a block diagram that illustrates a configu 
ration example of the flip-flop (FF) monitor circuit 31. 
007.9 The FF monitor circuit 31 has an input signal gen 
eration circuit 32, a replica circuit 33, a malfunction circuit 
34, and a comparator circuit 35. The input signal generation 
circuit 32 produces a signal that alternately changes between 
Zero and one when the control signal EN from the PMU 7 is 
at a high level. The replica circuit 33 is a circuit that has the 
same circuit configuration and properties as the FF that is 
illustrated in FIG. 5A and takes in and retains a signal that is 
input from the input signal generation circuit 32 synchro 
nously with the internal clock CLK. The malfunction circuit 
34 has the same circuit configuration as the FF but malfunc 
tions when the power supply voltage VDD becomes lower 
than the first margin Voltage. In other words, the malfunction 
circuit 34 malfunctions at a higher Voltage than a Voltage at 
which the replica circuit 33 malfunctions. The comparator 
circuit 35 determines whether or not a signal that is output by 
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the replica circuit 33 and alternately changes between Zero 
and one agrees with a signal that is output by the malfunction 
circuit 34 and alternately changes between Zero and one. The 
replica circuit 33 and the malfunction circuit 34 are the FFs, 
to which the same signal is input from the input signal gen 
eration circuit 32. Thus, the comparator circuit 35 detects 
agreement in a case where both of the replica circuit 33 and 
the malfunction circuit 34 normally operate. If an output Y of 
the comparator circuit 35 indicates disagreement, a determi 
nation is made that one of the replica circuit 33 and the 
malfunction circuit 34 malfunctions and specifically the mal 
function circuit 34 that malfunctions at the higher VDD mal 
functions. 
0080 FIG. 10 is a circuit diagram that illustrates a more 
specific configuration example of the FF monitor circuit 31. 
0081. The input signal generation circuit 32 has a NAND 
gate 41, an FF42, and an inverter 43. The NAND gate 41 
allows the internal clock CLK from the PLL 8 to pass through 
when the control signal EN from the PMU 7 is at a high level, 
blocks the internal clock CLK when the EN is at a low level, 
and outputs a signal that is fixed at a high level. The FF42 and 
the inverter 43 forma /2 frequency divider circuit and outputs 
a signal in which the frequency of the internal clock CLK is 
divided into a half when the EN is at a high level. 
I0082. The replica circuit 33 has an FF 51 that has the same 
circuit configuration and properties as the FF that is illus 
trated in FIG. 5A, latches and retains an input signal synchro 
nously with the internal clock CLK, and outputs the signal as 
YFFO. 

0083. The malfunction circuit 34 has an FF 61 that has the 
same circuit configuration and properties as the FF 51 of the 
replica circuit 33. The malfunction circuit 34 latches and 
retains an input signal synchronously with the internal clock 
CLK and outputs the signal as YFF1 but malfunctions when 
the VDD becomes lower than the first margin voltage that is 
higher than the VDDmin. In other words, the FF 61 malfunc 
tions prior to the FF 51 in a case where the VDD is lowered. 
0084. The comparator circuit 35 has an exclusive disjunc 
tion gate (EXOR) 71 that detects agreement between YFF0 
and YFF1. The EXOR 71 outputs a comparison result as Y. 
0085 FIG. 11 is a circuit diagram that illustrates another 
configuration example of the FF monitor circuit 31. 
0086. The FF monitor circuit 31 of FIG. 11 has a NAND 
gate 44, an FF 52, an inverter 53, an FF 62, an EXOR 72, and 
an FF 73. The NAND gate 44 gates the internal clock CLK. 
The FF 52 has the same circuit configuration and properties as 
the FF that is illustrated in FIG.5A and forms a /2 frequency 
divider circuit together with the inverter 53. The FF 62 has the 
same circuit configuration and properties as the FF 52 and 
forms a /2 frequency divider circuit together with the inverter 
53 but malfunctions when the VDD becomes lower than the 
first margin voltage that is higher than the VDDmin. An 
output of the FF 52 is YFF0, and an output of FF62 is YFF1. 
The EXOR 72 detects agreement between YFF0 and YFF1. 
The FF 73 retains a comparison result by the EXOR 72 
synchronously with the clock and outputs the comparison 
result as Y. 
0087. The FF monitor circuit 31 of FIG. 11 is a FF monitor 
circuit that is simplified from the FF monitor circuit 31 of 
FIG. 10 and has the same function, and a description thereof 
will not be made. Further, the FF monitor circuit 31 of FIG.11 
is used in a similar manner to the FF monitor circuit 31 of FIG. 
10. Thus, a case where the FF monitor circuit 31 of FIG. 10 is 
used will be described in a description made below. 
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I0088 FIG. 12 illustrates a configuration example of the FF 
61 of the malfunction circuit 34. The FF 62 is implemented in 
the same manner. 

I0089. In FIG. 12A, the FF 61 in the same configuration as 
the FF 51 is directly connected to a GND but is connected to 
the VDD via a resistor R1. The power supply voltage supplied 
to the FF 61 is thereby effectively lowered, and the FF 61 
malfunctions when the VDD becomes lower than the first 
margin voltage that is higher than the VDDmin. 
(0090. In FIG. 12B, the FF 61 in the same configuration as 
the FF51 is directly connected to the VDD but is connected to 
the GND via the resistor R1. The power supply voltage sup 
plied to the FF 61 is thereby effectively lowered, and the FF 
61 malfunctions when the VDD becomes lower than the first 
margin voltage that is higher than the VDDmin. 
(0091. In FIG. 12C, the FF 61 in the same configuration as 
the FF 51 is connected to the VDD and the GND via resistors 
R3 and R4. The power supply voltage supplied to the FF 61 is 
thereby effectively lowered, and the FF 61 malfunctions 
when the VDD becomes lower than the first margin voltage 
that is higher than the VDDmin. 
0092 FIG. 13 illustrates a result of an operation simula 
tion of the FF monitor circuit 31 of FIG. 10. When the EN is 
set to a high level and the VDD is a high voltage, the output 
YFF0 of the replica circuit 33 and the output YFF1 of the 
malfunction circuit 34 alternately change between Zero and 
one. Thus, the outputY of the comparator circuit 35 is at a low 
level (Zero). When the VDD is gradually lowered and 
becomes lower than the first margin voltage, the output YFF0 
of the replica circuit 33 still alternately change between Zero 
and one, but the output YFF1 of the malfunction circuit 34 
stops changing at a low level. Thus, the output Y of the 
comparator circuit 35 alternately changes between Zero and 
one, and the warning signal Warning is produced. 
0093. As described above, the first margin voltage at 
which the malfunction circuit 34 normally operates is higher 
than the minimum operating voltage VDDmin at which the 
replica circuit 33 normally operates. Thus, the warning signal 
Warning is output (with a margin provided) before the replica 
circuit 33 does not normally operate. 
0094 FIG. 14 is an operation state transition diagram that 
illustrates an operation sequence of the semiconductor device 
to which the AVS technology of the first embodiment is 
applied. 
0.095 As illustrated in FIG. 14, the operation sequence 
starts from “START. States of “POWERFULL, “MONI 
TORON”, “VDDDOWN, and “VDDUP are present, and 
the operation sequence transits among those. 
(0096. In the “POWERFULL state, the voltage of the 
VDD is set to a sufficiently high voltage that certainly secures 
an operation of an internal circuit of the circuit block 1 that 
includes the FF 2 and 4. For example, setting is made such that 
VDD =1.2 V. Accordingly, power management may be per 
formed without malfunction of the circuit. 

0097. In the “MONITORON” state, the PMU 7 sets the 
EN at a high level (VDD) and starts the delay monitor circuit 
5 and the FF monitor circuit 31. 

0098. In the “VDDDOWN” state, the PMU 7 repeatedly 
outputs a command to make the power Supply 6 lower the 
VDD by a prescribed amount every certain period. For 
example, the PMU 7 outputs the command to make 
VDD=VDD-25 mV every 10, seconds. Here, the 
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“VDDDOWN’ state is maintained in a case of a trigger TN, 
and the state transits to the “VDDUP state in a case of a 
trigger TW. 
0099. In the “VDDUP” state, the PMU 7 repeatedly out 
puts a command to make the power Supply 6 increase the 
VDD by a prescribed amount every certain period. For 
example, the PMU 7 outputs the command to make VDD 
=VDD+25 mV every 10useconds. Here, the state transits to 
the “VDDDOWN” state in a case of the trigger TN, and the 
“VDDUP state is maintained in a case of the trigger TW. 
0100. The trigger TN is output in a case where an output 
delay of the delay monitor circuit 5 does not exceed the 
demanded operating frequency line and the FF monitor cir 
cuit 31 does not output the warning signal Warning. 
0101 The trigger TW is output in a case where the output 
delay of the delay monitor circuit 5 exceeds the demanded 
operating frequency line or the FF monitor circuit 31 outputs 
the warning signal Warning. 
0102 FIG. 15 is a block diagram that illustrates a circuit 
configuration of the power management unit (PMU) 7. 
0103) The PMU 7 has a trigger generation section 81 and 
a power Supply control section 84. The trigger generation 
section 81 has a counter 82 and a comparator 83. The counter 
82 becomes the operation state while the system clock 
SYSCLK is at a high level and counts the warning signal 
Warning illustrated in FIG. 13 that is output by the FF monitor 
circuit 31. The comparator 83 outputs an internal trigger 
TRIG in a case where a count value of the counter 82 is large 
compared to a prescribed value. Accordingly, an influence of 
noise on the output Y of the FF monitor circuit 31 is canceled, 
and a determination of the warning signal Warning is cer 
tainly made. 
0104. A power supply control section 84 generates and 
outputs a control signal UP or Down of the power supply 6 
that corresponds to the trigger TN or TW in FIG. 14 in 
accordance with the internal trigger TRIG. 
0105 FIG. 16 is a timing diagram that illustrates an opera 
tion of the power management unit (PMU) 7. 
01.06 The VDD increases in the “POWERFULL state 
and increases to a maximum value of 1.2 V. for example. 
During this, because the FF monitor circuit 31 is not in the 
operation state, the output Y of the FF monitor circuit 31 is at 
a low level, the count value that is output by the counter 82 is 
Zero, and the TRIG that is output by the comparator 83 is at a 
low level. 
0107. In the “MONITORON” state, the PMU 7 turns the 
signal EN on (high), which makes the delay monitor circuit 5 
and the FF monitor circuit 31 become the operation state. In 
response to this, the delay monitor circuit 5 measures and 
outputs the delay, and the FF monitor circuit 31 outputs an 
agreement detection result as the output Y. Because the VDD 
is 1.2V and sufficiently high, the output Y of the FF monitor 
circuit 31 is at a low level, the count value that is output by the 
counter 82 is zero, and the TRIG that is output by the com 
parator 83 is at a low level. 
0108 Because the delay is lower than the limit line and the 
output Y of the FF monitor circuit 31 is at a low level, the state 
transits to “VDDDOWN, and the VDD is lowered by a unit 
amount. Repeating this leads to a decrease in the VDD. 
Although the delay that is output by the delay monitor circuit 
5 increases as described above, a description will be made 
here on the assumption that the VDD becomes lower than the 
first margin Voltage before the delay exceeds the demanded 
operating frequency line. When the VDD becomes lower than 
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the first margin voltage, the malfunction circuit 34 of the FF 
monitor circuit 31 malfunctions, and the output Y of the FF 
monitor circuit 31 repeats an alternation between Zero and 
one. In response to this, because the count value that is output 
by the counter 82 increases (becomes five here) and exceeds 
a reference value (for example, one), the TRIG becomes a 
high level, and the power Supply control section 84 outputs a 
command Up that instructs to increase the VDD. In response 
to this, the state transits to “VDDUP, and the VDD is 
increased by the unit amount. Because the VDD increases, the 
outputY of the FF monitor circuit 31 is fixed to zero, the count 
value becomes Zero, and the state thus transits to 
“VDDDOWN’. Such an operation is repeated subsequently. 
Accordingly, control is made such that the VDD stays around 
the FF minimum operating Voltage (in a range between 
slightly higher and lower Voltages than the first margin Volt 
age) without becoming lower than the FF minimum operating 
Voltage. 
0.109 The semiconductor device of the first embodiment 
is described in the above. In the first embodiment, the VDD is 
controlled based on both of the delay and the determination 
result of whether or not the FF is operable. Particularly, 
because the internal circuit of the circuit block 1 normally 
operates even when the operating frequency becomes low (for 
example, several hundred kHz or lower) and the delay is large, 
the VDD may be controlled to become a low voltage. In such 
a case, the FF's do not operate, and the semiconductor device 
does not normally operate. In the semiconductor device of the 
first embodiment, the VDD does not lower to a voltage at 
which the FFs do not operate. As described above, the first 
embodiment provides an AVS power management technol 
ogy with high reliability. 
0110. In the semiconductor device of the first embodi 
ment, as illustrated in FIG. 16, the state frequently transits 
between “VDDDOWN’ and “VDDUP. Thus, a ripple 
(small voltage fluctuation) arises on the VDD that is supplied 
to the circuit block 1. This is not preferable in terms of a stable 
operation of the circuit block 1. 
0111. In a second embodiment that will next be described, 
a frequent fluctuation in the VDD is reduced. 
0112 FIG. 17 illustrates a circuit configuration of the FF 
monitor circuit 31 of a semiconductor device of the second 
embodiment. The FF monitor circuit 31 of FIG. 17 corre 
sponds to the FF monitor circuit 31 of FIG. 10. The semicon 
ductor device of the second embodiment is different from the 
first embodiment in a point that the FF monitor circuit 31 is 
different and the PMU 7 performs control in consideration of 
other signals that are output by the FF monitor circuit 31, but 
the other features are the same. 

0113. In the FF monitor circuit 31 of the second embodi 
ment, the malfunction circuit 34 has the FF 62 in addition to 
the FF 61. The FF 62 latches an input signal synchronously 
with the internal clock CLK and outputs the signal as YFF2 
but malfunctions when the VDD becomes lower than a sec 
ond margin Voltage that is higher than the first margin Voltage. 
In other words, the FF 62 malfunctions prior to the FF 61 in a 
case where the VDD is lowered. 
0114. In addition, in the FF monitor circuit 31 of the sec 
ond embodiment, the comparator circuit 35 has an EXOR 74 
in addition to the EXOR 71. The EXOR 74 detects agreement 
betweenYFF0 that is output by the FF 51 and an output of the 
FF 62 and outputs a detection result as a hold signal YH. The 
EXOR 71 outputs a comparison result as the warning signal 
YW. 
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0115 The FF 62 of FIG. 17 that malfunctions when the 
VDD becomes lower than the second margin voltage that is 
higher than the first margin Voltage is implemented by setting 
resistance values of the resistor R1 in FIG. 12A, a resistor R2 
in FIG. 12B, and resistors R3 and R4 in FIG. 12C to larger 
values, for example. 
0116 FIG. 18 illustrates another circuit configuration of 
the FF monitor circuit 31 of the semiconductor device of the 
second embodiment. The FF monitor circuit 31 of FIG. 18 
corresponds to the FF monitor circuit 31 of FIG. 11. 
0117. The FF monitor circuit 31 of FIG. 18 has an FF 63, 
an EXOR 75, and an FF 76 in addition to the NAND gate 44, 
the FF 52, the inverter 53, the FF 62, the EXOR 72, and the FF 
73. The FF monitor circuit 31 of FIG. 18 is a FF monitor 
circuit that is simplified from the FF monitor circuit 31 of 
FIG. 17 similarly to FIG. 11, and a description thereofwill not 
be made. The FF 73 outputs the warning signal YW, and the 
FF 76 outputs the hold signal YH. Further, the FF monitor 
circuit 31 of FIG. 18 is used in a similar manner to the FF 
monitor circuit 31 of FIG. 17. Thus, a case where the FF 
monitor circuit 31 of FIG. 17 is used will be described in a 
description made below. 
0118 FIG. 19 is an operation state transition diagram that 
illustrates an operation sequence of the semiconductor device 
to which the AVS technology of the second embodiment is 
applied. 
0119. As it is clear from a comparison with FIG. 14, the 
operation state transition diagram of the second embodiment 
is different from the first embodiment in a point that a 
“VDDHOLD" state and a trigger TH are added, but the other 
features are the same. Accordingly, the difference will be 
described. 
0120 A value of the VDD is maintained in the 
“VDDHOLD" state. The trigger TH is output in a case where 
the output delay of the delay monitor circuit 5 does not exceed 
the demanded operating frequency line and the FF monitor 
circuit 31 outputs the hold signal YH. Specifically, the trigger 
TH is output in a case where a pulse is not output in the output 
YW of the FF monitor circuit 31 but the pulse is output in the 
output YH. 
0121. In “VDDHOLD", the state is maintained when the 
trigger TH is output. The state transits to “VDDDOWN 
when the trigger TN is output, and the state transits to 
“VDDUP' when the trigger TW is output. 
0122. In “VDDDOWN, the state is maintained when the 
trigger TN is output. The state transits to “VDDHOLD” when 
the trigger TH is output, and the state transits to “VDDUP 
when the trigger TW is output. 
(0123. In “VDDUP, the state is maintained when the trig 
ger TW is output. The state transits to “VDDHOLD” when 
the trigger TH is output, and the state transits to 
“VDDDOWN when the trigger TN is output. 
0.124 FIG. 20 is a block diagram that illustrates a circuit 
configuration of the power management unit (PMU) 7 of the 
semiconductor device of the second embodiment. 
0.125. The PMU 7 of the second embodiment is different 
from the first embodiment in a point that the trigger genera 
tion section 81 further has a counter 85 and a comparator 86, 
and a power Supply control section 87 generates control sig 
nals Up, Down, and Hold of the power supply 6 from outputs 
of the comparators 83 and 86. The other features are the same 
as the first embodiment. 
0126 The counter 85 is different only in a point that the 
outputYH of the FF 76 is input, and the other features are the 
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same as those of the counter 82. The comparator 86 is the 
same as the comparator 83. An output of the comparator 83 is 
referred to as TRIGW, and an output of the comparator 86 is 
referred to as TRIGH. Thus, when the pulse occurs in the 
output YH of the FF 74, the TRIGH becomes a high level. 
I0127. The power supply control section 87 generates the 
control signals Up, Down, and Hold of the power supply 6 
while following the sequence illustrated in FIG. 19 based on 
the TRIGW and TRIGH. 
I0128 FIGS. 21 and 22 are timing diagrams that illustrate 
the operation of the power management unit (PMU) 7 of the 
second embodiment. 
I0129. The sequence from the start to the transition to 
“VDDDOWN’ is the same as the first embodiment in FIG. 
16, and a description thereof will not be made. 
I0130. The VDD is lowered by the unit amount in 
“VDDDOWN’. Repeating this leads to a decrease in the 
VDD. Although the delay that is output by the delay monitor 
circuit 5 increases as described above, it is assumed here that 
the VDD exceeds the second margin voltage and the first 
margin Voltage before the delay exceeds the demanded oper 
ating frequency line. In response to this, the FF 62 of the 
malfunction circuit 34 malfunctions, and the outputYHofthe 
FF monitor circuit 31 repeats an alternation between Zero and 
one. In response to this, because a count value COUNTH that 
is output by the counter 85 increases (becomes four here) and 
exceeds a reference value (for example, two), the TRIGH 
becomes a high level. During this, the FF 61 of the malfunc 
tion circuit 34 normally operates, the output YW of the FF 
monitor circuit 31 is maintained at a low level, a count value 
COUNTW of the counter 82 is Zero, and the TRIGW is 
maintained at a low level. Thus, the power Supply control 
section 84 outputs a command HOLD that instructs to main 
tain the VDD. In response to this, the state transits to 
“VDDHOLD’. Because a voltage value VDD is thereafter 
maintained, the output YH repeats an alternation between 
Zero and one, and the TRIGH thus maintains a high level. The 
outputYW is maintained at a low level, and the TRIGW thus 
maintains a low level. Accordingly, the state is maintained in 
“VDDHOLD", the power supply control section 84 outputs 
the command HOLD that instructs to maintain the VDD, and 
the VDD thus does not change. As described above, the VDD 
is stable, and the ripple does not arise on the VDD. 
0.131. As illustrated in FIG. 22, it is assumed that the 
minimum operating Voltage VDDmin increases for some rea 
son (for example, a temperature increase) and the VDD 
becomes lower than the VDDmin. In this case, the FF 61 of 
the malfunction circuit 34 also malfunctions, and the output 
YW of the FF monitor circuit 31 repeats an alternation 
between Zero and one. In response to this, because a count 
value COUNTW that is output by the counter 82 increases 
(becomes two here) and exceeds a reference value (for 
example, one), the TRIGW becomes a high level. 
0.132. During this, the FF 62 of the malfunction circuit 34 

still malfunctions, the output YH of the FF monitor circuit 31 
repeats an alternation between Zero and one, the count value 
COUNTH is equal to or greater than a reference value (five 
here), and the TRIGH becomes a high level. Thus, the power 
Supply control section 84 outputs the command Up that 
instructs to increase the VDD. In response to this, the state 
transits to “VDDUP', and the VDD is increased by the unit 
amount. Because the VDD increases, the outputYW of the FF 
monitor circuit 31 becomes a low level, the count value 
becomes Zero, and the state thus transits to “VDDHOLD’. 
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Such an operation is repeated Subsequently. Accordingly, the 
VDD is stably maintained between the first margin voltage 
and the second margin Voltage and is controlled to return to a 
range between the first margin Voltage and the second margin 
voltage in cases where the VDD becomes lower than the first 
margin Voltage and higher than the second margin Voltage. 
0133. The first and second embodiments are described in 
the above. However, it is matter of course that various modi 
fications are possible. For example, a description is made with 
examples where the monitor circuit that uses the flip-flop (FF) 
in the first and second embodiments. However, a circuit ele 
ment that includes the FF is used, and whether or not the 
circuit block 1 is a power Supply that malfunctions may 
thereby be monitored. 
0134 FIG. 23 illustrates a modification example of the 
flip-flop (FF) monitor circuit 31. 
0135 The FF monitor circuit 31 has the input signal gen 
eration circuit 32, the replica circuit 33, the malfunction cir 
cuit 34, and the comparator circuit 35. The input signal gen 
eration circuit 32 has the NAND gate 44. The NAND gate 44 
allows the internal clock to pass through when the control 
signal EN from the PMU 7 is at a high level and blocks the 
internal clock when the EN is at a low level. 
0136. The replica circuit 33 has a replica counter 55 that 
includes an FF that has the same circuit configuration and 
properties as the FF that is used in the circuit block 1 illus 
trated in FIG. 5A and outputs a counter value Y1. The mal 
function circuit 34 has a malfunction counter 65 that includes 
the same FF as the FF used in the circuit block 1, similarly to 
the replica counter 55 that is used in the replica circuit 33. 
However, the malfunction circuit 34 includes an FF that mal 
functions when the power supply voltage VDD becomes 
lower than the first margin Voltage. The malfunction counter 
65 outputs a count value Y2. The FF included in the malfunc 
tion counter 65 is implemented as illustrated in FIG. 12, for 
example. In other words, the malfunction circuit 34 malfunc 
tions (miscounts) at a higher Voltage than a Voltage at which 
the replica circuit 33 malfunctions (miscounts). 
0.137 The comparator circuit 35 includes a digital com 
parator 78 that determines whether or not the count value Y1 
that is output by the replica circuit 33 agrees with the count 
value Y2 that is output by the malfunction circuit 34. Because 
the same signal is input to the two counters of the replica 
circuit 33 and the malfunction circuit 34 from the input signal 
generation circuit 32, the count values are the same in a case 
where both of the replica circuit 33 and the malfunction 
circuit 34 normally operate. Accordingly, the comparator cir 
cuit 35 detects agreement. If the output Y of the comparator 
circuit 35 indicates disagreement, a determination is made 
that one of the replica circuit 33 and the malfunction circuit 34 
malfunctions and miscounts and specifically the malfunction 
circuit 34 that malfunctions at the higher VDD miscounts 
(malfunctions). 
0138 FIG. 24 illustrates input and output signals and an 
operation of the replica counter 55 and the malfunction 
counter 65, in which FIG.24A illustrates the input and output 
signals and FIG. 24B is a timing diagram that illustrates an 
operation. 
0139. As illustrate in FIG. 24A, the counter counts the 
number of pulses of a pulse signal that is input from a terminal 
IN. The countertakes in the count value and outputs that as Y 
from an OUT terminal at a rise of the system clock SYSCLK 
that is input to the EN terminal and resets an accumulated 
count value. 
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0140. As illustrated in FIG. 24B, the replica counter 55 
and the malfunction counter 65 count the numbers of pulses 
of an input signal IN that has five pulses in one period of the 
SYSCLK and output the numbers of pulses as Y1 and Y2 
synchronously with a rise of SYSCLK. In a case where the 
replica counter 55 and the malfunction counter 65 normally 
operate, Y1=Y2=5. 
0.141. As described above, the FF monitor circuit may be 
formed by using the circuit element that includes the FF such 
as the counter. A large number of various circuit elements that 
include the FF are used in the circuit block 1, and the FF 
monitor circuit may be implemented by using any of the 
circuit elements. 
0142. The configuration example where the FF is imple 
mented that malfunctions when the power Supply Voltage 
VDD included in the malfunction circuit 34 becomes lower 
than the first margin voltage is illustrated in FIG. 12. How 
ever, various kinds of implementing methods are present 
other than that, and a modification example will be described 
below. 
0143 FIG.25 illustrates a modification example of the FF 
that malfunctions when the power supply voltage VDD 
becomes lower than the first margin Voltage. 
014.4 FIG. 25A illustrates a master section 11 of the tri 
state based FF (TBFF) that is illustrated in FIG. 5. In this 
modification example, a gate width of a portion of the tran 
sistors of the inverters 13 and 15 of a master section 11 is 
changed, and malfunction thereby occurs when the power 
supply voltage VDD becomes lower than the first margin 
Voltage. A similar modification may be applied to a slave 
section 12 or the master section 11 and the slave section 12. 

(0145 FIG. 25B illustrates the master section 11 of FIG. 
25A in a scale of transistors, and portions that are indicated by 
reference numerals 13 to 15 correspond to the inverters 13 to 
15. The inverter 13 has PMOS transistors MP11 and MP12 
that are serially connected between the VDD and the GND 
and an NMOS transistor MN1. The inverter 15 has PMOS 
transistors MP21 and MP22 that are serially connected 
between the VDD and the GND and an NMOS transistor 
MN2. The inverter 14 has a PMOS transistor MP31 that is 
serially connected between the VDD and the GND and an 
NMOS transistor MN3. Wiring is as illustrated by the draw 
ing and has been widely known, and a description thereof will 
thus not be made. 
0146 In the modification example, in FIG. 25B, gate 
widths of the PMOS transistors MP11 of the inverter 13 and 
the PMOS transistor MP21 of the inverter 15 are made much 
narrower than the FF that is used in the circuit block 1. Gate 
widths of the other transistors MP12, MP22, MP31, MN1, 
MN2, and MN3 are made the same as the FF that is used in the 
circuit block 1. Accordingly, resistances become high when 
the MP11 and MP12 are turned on, and amplitudes of signals 
DO and D1 are likely to be insufficient, thus providing an FF 
that is likely to malfunction. 
0147 FIG. 26 illustrates another modification example of 
the FF that malfunctions when the power supply voltageVDD 
becomes lower than the first margin Voltage. 
(0.148. An FF 10 of FIG. 26 is a tri-state based FF (TBFF) 
and has the master section 11 and the slave section 12 in the 
same configuration and a clock generation section. The mas 
tersection 11 and the slave section 12 are the same except the 
fact that a clock is half a period offset with respect to the FF 
of FIG. 5A and similarly operate. The clock generation sec 
tion has an inverter 17 and a delay circuit 19 and generates an 
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inverted clock CLKB from the internal clock. As illustrated in 
FIG. 5B, a usual FF that is used in the circuit block 1 is not 
provided with the delay circuit 19, and an output itself of the 
inverter 17 becomes the CLKB. In other words, in the FF of 
FIG. 26, the inverted clock CLKB is delayed with respect to 
a usual case, and a time in which the CLK and the CLKB 
retain the same states (Zero and one) becomes long. Thus, the 
input signal DO of the inverter 14 becomes unstable, provid 
ing the FF that is likely to malfunction. 
014.9 The method that facilitates malfunction by delaying 
the signal and is illustrated in FIG. 26 may be applied in other 
manners. For example, in FIG. 11, an output of the inverter 53 
is input to the FF 52 without a delay, similarly to a usual 
manner, but is input to the FF 62 with a delay, thereby facili 
tating malfunction of the FF 62. 
0150. The first and second embodiments are described in 
the above. However, it is matter of course that various modi 
fications are possible. For example, in the first and second 
embodiments and the modification examples, a description is 
made with the tri-state based FF (TBFF) as an example. 
However, an FF of another type may be used. 
0151. The embodiments have been described in the fore 
going. However, all the examples and conditions described 
herein are described for the purpose of aiding understanding 
the concept of the disclosure which is applied to disclosures 
and technologies. The particularly described examples and 
conditions are not intended to limit the scope of the present 
disclosure, and the configurations of Such examples of this 
specification do not represent advantages or disadvantages of 
the disclosure. The embodiments of the disclosure have been 
described in detail. However, it is understood that changes, 
Substitutions, and modifications may be made without depart 
ing from the gist and the scope of the disclosure. 
0152 All examples and conditional language recited 
herein are intended for pedagogical purposes to aid the reader 
in understanding the invention and the concepts contributed 
by the inventor to furthering the art, and are to be construed as 
being without limitation to Such specifically recited examples 
and conditions, nor does the organization of such examples in 
the specification relate to a showing of the Superiority and 
inferiority of the invention. Although the embodiments of the 
present invention have been described in detail, it should be 
understood that the various changes, Substitutions, and alter 
ations could be made hereto without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. A semiconductor device comprising: 
a power Supply: 
a circuit block that has at least one storage element and 

operates by receiving a power Supply Voltage from the 
power Supply: 

a power management unit that controls the power Supply to 
change the power Supply Voltage; and 

a storage element monitor circuit that generates a first 
malfunction signal at a first margin Voltage that is higher 
than a Voltage at which the storage element does not 
normally operate in a case where the power Supply Volt 
age lowers, 
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wherein the power management unit controls the power 
Supply so that the power Supply Voltage does not become 
lower than the first margin Voltage. 

2. The semiconductor device according to claim 1, wherein 
the storage element monitor circuit has at least one first mal 
function element that malfunctions at the first margin Voltage 
and generates a first malfunction precautionary detection sig 
nal in a case where the storage element normally operates and 
the first malfunction element does not normally operate. 

3. The semiconductor device according to claim 2, wherein 
the storage element monitor circuit has at least one second 
malfunction element that malfunctions at a second margin 
Voltage that is higher than the first margin Voltage and gener 
ates a second malfunction precautionary detection signal in a 
case where the second malfunction element does not nor 
mally operate. 

4. The semiconductor device according to claim3, wherein 
the power management unit controls the power Supply to 
lower the power Supply Voltage by a unit amount in a case 
where the power management unit does not receive the first 
malfunction precautionary detection signal or the second 
malfunction precautionary detection signal, to maintain the 
power Supply Voltage in a case where the power management 
unit does not receive the first malfunction precautionary 
detection signal and receives the second malfunction precau 
tionary detection signal, and to increase the power Supply 
Voltage by a unit amount in a case where the power manage 
ment unit receives the first malfunction precautionary detec 
tion signal. 

5. The semiconductor device according to claim 1, wherein 
the power management unit sets the power Supply Voltage to 
a Voltage at which the circuit block and the storage element do 
not malfunction in a start of an operation. 

6. The semiconductor device according to claim 2, wherein 
the first malfunction element has a same structure as the 
storage element and is connected to the power Supply via a 
resistor of a higher resistance value than the storage element. 

7. The semiconductor device according to claim3, wherein 
the second malfunction element has a same structure as the 
storage element and is connected to the power Supply via a 
resistor of a resistance value that is higher than a connection 
resistance of the storage element to the power Supply and a 
connection resistance of the first malfunction element to the 
power Supply. 

8. The semiconductor device according to claim 1, further 
comprising: 

an operation monitor circuit that has a delay path in which 
a delay increases in a case where the power Supply 
Voltage lowers and generates an operation limit signal in 
a case where the delay of the delay path exceeds a 
prescribed value, 

wherein the power management unit controls the power 
Supply to increase power Supply Voltage by the unit 
amount in a case where the operation limit signal is 
produced in lowering the power Supply Voltage by the 
unit amount. 

9. The semiconductor device according to claim 1, wherein 
the at least one storage element is a flip-flop. 
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