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SEMCONDUCTORDEVICE AND 
TEMPERATURE SENSOR SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The disclosure of Japanese Patent Application No. 
2011-204243 filed on Sep. 20, 2011 including the specifica 
tion, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

BACKGROUND 

0002 The present invention relates to a semiconductor 
device and a temperature sensor System, and in particular, 
relates to a technique for Suppressing an increase in the num 
ber of Voltage comparators with an expansion in the chip 
temperature detection range of a temperature sensor. 
0003 Japanese Unexamined Patent Publication No. 2009 
289795 (Patent Document 1) describes a semiconductor inte 
grated circuit that incorporates functional modules of large 
operating current and a temperature detection circuit for 
detecting a chip temperature and is capable of external tem 
perature control or temperature monitoring less affected by 
system board noise. 
0004 Japanese Unexamined Patent Publication No. 2004 
6473 (Patent Document 2) describes a semiconductor inte 
grated circuit having a functional circuit on a semiconductor 
Substrate, a temperature detecting element for detecting the 
temperature of the functional circuit, and a control circuit for 
controlling the temperature of the functional circuit. When 
the temperature of the functional circuit is lower than the 
minimum operating temperature of the function, the control 
circuit performs control so as to operate part or all of the 
functional circuit to increase the temperature of the functional 
circuit and inhibit external output of the functional circuit. 
0005 Japanese Unexamined Patent Publication No. Hei 
8(1996)-55963 (Patent Document 3) describes an integrated 
circuit in which temperature data detected by a temperature 
sensor is sent to a clock/peripheral control circuit, and the 
clock/peripheral control circuit compares the temperature 
data with the upper and lower limits of an operating tempera 
ture range held in a temperature setting circuit, and decrease 
a clock frequency and stops a cache operation if the tempera 
ture is out of the range. 
0006 Japanese Unexamined Patent Publication No. 2009 
152311 (Patent Document 4) describes a semiconductor inte 
grated circuit system in which a source Voltage determination 
circuit estimates performance with the worst operating con 
dition from a temperature measured by a temperature sensor, 
and determines a new Source Voltage of a semiconductor 
integrated circuit based on a conversion table. 

SUMMARY 

0007. In a system LSI as an example of the semiconductor 
integrated circuit, when a chip temperature rises to a critical 
temperature close to 398K (125° C.), increases in standby 
leakage current and rises in the chip temperature of the LSI 
are repeated endlessly, which causes thermal runaway. There 
fore, a temperature sensor is incorporated into the chip of the 
system LSI to monitor the chip temperature, and the operation 
rate of the system LSI is decreased at the time of a rise in chip 
temperature. 
0008 For example, in Patent Document 1, before a power 
Supply circuit 3 stops the Supply of an internal operating 
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Source Voltage to a central processing unit 11 at the time of an 
excessive temperature of the chip, an operation rate controller 
14 decreases the operation rate of the central processing unit 
11 in stages in response to rises in chip temperature (para 
graph O097). The decrease in the operation rate of the cen 
tral processing unit 11 is achieved by multistage decrease in 
the frequency of an operation clock CL supplied from a PLL 
circuit 15 to the central processing unit 11. For the multistage 
control of the operation rate of the central processing unit 11, 
the operation rate controller 14 identifies, at multiple levels, 
the relationship between a temperature detection signal 
VTSEN and a reference signal VREF generated by a tem 
perature detection circuit 10 (paragraph O098). For 
example, multiple reference levels, VREF2, VREF3, VREF4 
are generated from a single reference signal VREF. The 
operation rate controller 14 identifies, at multiple levels, the 
relationship between the multiple reference levels. VREF1, 
VREF2, VREF3, VREF4 and the temperature detection sig 
nal VTSEN. Voltage dividing resistors Rref1 to Rref5 are 
used to generate the reference levels VREF1, VREF2, 
VREF3, VREF4, and voltage comparators CP1 to CP4 are 
used to identify the relationship between the reference levels 
and the temperature detection signal (paragraph 0099). 
0009. The present inventors have studied the application 
of the temperature sensor described in Patent Document 1 to 
low-temperature detection in the semiconductor integrated 
circuit, particularly an improvement in the operation margin 
of a circuit module (simply referred to as “module') that has 
large temperature dependence at low temperatures, making it 
hard to secure a characteristic margin, and a correction to 
circuit operating characteristics by dynamically changing a 
circuit constant in accordance with the temperature depen 
dence. According to the configuration of the temperature 
sensor described in Patent Document 1, the present inventors 
have found the following. Expanding a temperature detection 
range to a low temperature region Such as -60° C. while 
maintaining a predetermined detection accuracy enormously 
increases the number of Voltage comparators so that the chip 
occupation area of the temperature sensor cannot be 
neglected. 
0010 Patent Documents 2 to 4 do not take into account 
that expanding a chip temperature detection range to a low 
temperature region while maintaining a predetermined detec 
tion accuracy enormously increases the number of Voltage 
comparators so that the chip occupation area of the tempera 
ture sensor cannot be neglected. 
0011. It is an object of the present invention to provide a 
technique for Suppressing an increase in the number of Volt 
age comparators with an expansion in a chip temperature 
detection range. 
0012. The above and other objects and novel features of 
the present invention will become apparent from the descrip 
tion of this specification and the accompanying drawings. 
0013 A typical aspect of the invention disclosed in the 
present application will be briefly described as follows. 
0014. A semiconductor device includes a temperature sen 
sor for detecting a chip temperature and a module whose 
operation can be controlled based on an output of the tem 
perature sensor. The temperature sensor includes a tempera 
ture detection circuit for outputting a Voltage according to the 
chip temperature, a reference Voltage generating circuit for 
generating a plurality of reference Voltages, and a plurality of 
Voltage comparators for comparing each reference Voltage 
obtained by the reference Voltage generating circuit with an 
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output Voltage of the temperature detection circuit and 
thereby generating a chip temperature detection signal con 
figured with multiple bits. Further, the temperature sensor 
includes a control circuit for controlling the reference volt 
ages generated by the reference Voltage generating circuit 
based on the chip temperature detection signal and thereby 
changing correspondence between the chip temperature 
detection signal and the chip temperature to shift a chip tem 
perature detection range. The control circuit controls the ref 
erence Voltages so that parts of chip temperature detection 
ranges overlap each other around the shift of the chip tem 
perature detection range. 
0015. An effect obtained by the typical aspect of the inven 
tion disclosed in the present application will be briefly 
described as follows. 
0016. It is possible to suppress an increase in the number 
of Voltage comparators with an expansion in the chip tem 
perature detection range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a block diagram showing a configuration 
example of a temperature sensor included in an LSI as an 
example of a semiconductor device according to the present 
invention. 
0018 FIG. 2 is a block diagram of the LSI as an example 
of the semiconductor device according to the invention. 
0019 FIG. 3 is a circuit diagram showing a configuration 
example of a reference Voltage generating circuit in the tem 
perature sensor shown in FIG. 1. 
0020 FIG. 4 is a circuit diagram showing another configu 
ration example of the reference Voltage generating circuit in 
the temperature sensor shown in FIG. 1. 
0021 FIG. 5 is a block diagram showing a configuration 
example of a logic unit in the temperature sensor shown in 
FIG 1. 
0022 FIG. 6 is a flowchart showing operations of the main 
part of the LSI shown in FIG. 1. 
0023 FIG. 7 is a diagram for explaining the correspon 
dence between information held in a first register and infor 
mation held in a second register in the temperature sensor 
shown in FIG. 1. 
0024 FIG. 8 is a diagram for explaining the function of a 
reference Voltage adjustment register in the temperature sen 
sor shown in FIG. 1. 
0025 FIG. 9 is an operation timing chart during tempera 
ture increase in the temperature sensor shown in FIG. 1. 
0026 FIG.10 is an operation timing chart during tempera 
ture decrease in the temperature sensor shown in FIG. 1. 
0027 FIG. 11 is a block diagram showing another layout 
of the LSI as an example of the semiconductor device accord 
ing to the invention. 

DETAILED DESCRIPTION 

1. Outline of Embodiments 

0028 First, exemplary embodiments of the invention dis 
closed in the present application will be outlined. Reference 
numerals in the drawings that refer to with parentheses 
applied thereto in the outline description of the exemplary 
embodiments are merely illustration of ones contained in the 
concepts of components marked with the reference numerals. 
0029 (1) A semiconductor device (semiconductor chip) 
(200) according to an exemplary embodiment of the invention 
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includes a temperature sensor (4) for detecting a chip tem 
perature (semiconductor device temperature) and a module 
(2, 6-17) whose operation can be controlled based on an 
output of the temperature sensor. The temperature sensor 
includes a temperature detection circuit (46) for outputting a 
Voltage according to the chip temperature, a reference Voltage 
generating circuit (50) for generating a plurality of reference 
voltages, and a plurality of voltage comparators (53 to 56) for 
comparing each reference Voltage obtained by the reference 
Voltage generating circuit with an output Voltage of the tem 
perature detection circuit and thereby generating a chip tem 
perature detection signal configured with multiple bits. Fur 
ther, the temperature sensor includes a control circuit (45) for 
controlling the reference Voltages generated by the reference 
Voltage generating circuit based on the chip temperature 
detection signal and thereby changing correspondence 
between the chip temperature detection signal and the chip 
temperature to shift a chip temperature detection range. The 
control circuit controls the reference Voltages so that parts of 
chip temperature detection ranges overlap each other around 
the shift of the chip temperature detection range. 
0030. With the above configuration, the control circuit in 
the temperature sensor in the semiconductor device controls 
the reference Voltages generated by the reference Voltage 
generating circuit based on the chip temperature detection 
signal and thereby changes the correspondence between the 
chip temperature detection signal and the chip temperature to 
shift the chip temperature detection range, thereby enabling 
an expansion in the chip temperature detection range. Thus, it 
is possible to expand the chip temperature detection range by 
changing the correspondence between the chip temperature 
detection signal and the chip temperature, without increasing 
the number of Voltage comparators. This makes it possible to 
Suppress an increase in the chip occupation area of the tem 
perature sensor with an expansion in the chip temperature 
detection range. Further, by controlling the reference Voltages 
so that parts of chip temperature detection ranges overlap 
each other around the shift of the chip temperature detection 
range, it is possible to normally detect the chip temperature 
(T) that changes in the direction opposite to the shift direc 
tion immediately after the shift of the chip temperature detec 
tion range. 
0031. According to a specific embodiment of the semicon 
ductor device, the control circuit includes a first register (451) 
for holding a reference Voltage control signal for controlling 
the reference Voltages and a second register (452) for holding 
the chip temperature detection signal. This makes it possible 
to temporarily hold the reference Voltage control signal in the 
first register and temporarily hold the chip temperature detec 
tion signal in the second register. This is effective in facilitat 
ing the control operation of the control circuit. 
0032. According to another specific embodiment, the con 
trol circuit includes a third register (453) for outputting the 
reference Voltage control signal and the chip temperature 
detection signal to the outside of the temperature sensor. 
Since it is possible to output the reference voltage control 
signal and the chip temperature detection signal to the outside 
of the temperature sensor through the third register, it is 
possible to correctly recognize the chip temperature based on 
the reference Voltage control signal and the chip temperature 
detection signal even when the correspondence between the 
chip temperature detection signal and the chip temperature is 
changed to shift the chip temperature detection range. 
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0033 According to another specific embodiment, the ref 
erence Voltage generating circuit includes a plurality of resis 
tors (301A, 301 B, etc.) for dividing an input voltage and a 
switch for selecting a resistor (302 etc.) concerned in the 
division of the input Voltage from among the resistors. Since 
the switch selects the resistor concerned in the division of the 
input voltage from among the resistors, it is possible to easily 
divide the input Voltage. 
0034. According to another specific embodiment, the con 

trol circuit includes a switch control circuit (455) which 
increments or decrements a Switch control signal for control 
ling an operation of the Switch based on the chip temperature 
detection signal held in the second register. By providing the 
Switch control circuit, it is possible to increment or decrement 
the Switch control signal based on the chip temperature detec 
tion signal held in the second register. 
0035. According to another specific embodiment, the 
Switch control circuit has a mask function for fixing a logic 
value of the signal sent from the second register only during 
a predetermined mask period, and increments or decrements 
the switch control signal during the mask period. With the 
mask processing, even if the information held in the second 
register is updated, the update of the information held in the 
second register is not reflected on the control of the switch 
control circuit during the predetermined mask period, which 
can stabilize the reference Voltage control signal. The mask 
period can be set in consideration of a period until the first 
register is updated and the outputs of the Voltage comparators 
become stabilized in accordance with the updated reference 
Voltages. 
0036. According to another specific embodiment, the 
module includes a first module (15, 16) which receives the 
reference Voltage control signal and the chip temperature 
detection signal through the third register and can trim an 
internal circuit based on the reference Voltage control signal 
and the chip temperature detection signal. Since the first 
module receives the reference Voltage control signal and the 
chip temperature detection signal through the third register, it 
is possible to easily trim the internal circuit based on the 
reference Voltage control signal and the chip temperature 
detection signal. 
0037 According to another specific embodiment, the con 

trol circuit includes a low-temperature operation signal gen 
erating circuit (456) for generating a low-temperature opera 
tion signal based on the reference Voltage control signal and 
the chip temperature detection signal, and the module 
includes a second module (17) which can perform a dummy 
operation for generating heat, in accordance with the low 
temperature operation signal. The dummy operation of the 
second module can increase the chip temperature (T). When 
the chip temperature exceeds a predetermined temperature by 
the dummy operation, the operation mode of the second mod 
ule can transition from the dummy operation to a different 
operation (normal operation). Therefore, even if the second 
module has large temperature dependence at low tempera 
tures, it is possible to avoid an unstable operation of the 
second module at low temperatures. 
0038 According to another specific embodiment, the 
module includes a CPU (2) which receives the reference 
Voltage control signal and the chip temperature detection 
signal through the third register, generates a predetermined 
interrupt signal based on the reference Voltage control signal 
and the chip temperature detection signal, and can perform 
control for decreasing an operation rate in the semiconductor 
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device in accordance with the interrupt signal. Since the CPU 
generates the predetermined interrupt signal based on the 
reference Voltage control signal and the chip temperature 
detection signal and decreases the operation rate in the semi 
conductor device in accordance with the interrupt signal, it is 
possible to avoid thermal runaway of the semiconductor 
device. 

0039. According to another specific embodiment, the tem 
perature sensor includes a reference Voltage adjustment cir 
cuit (48) for fine-adjusting the reference Voltages generated 
by the reference Voltage generating circuit in accordance with 
a signal provided from the outside of the temperature sensor. 
With this, a user of the semiconductor device can fine-adjust 
the reference Voltages through the reference Voltage adjust 
ment circuit in a user system incorporating the semiconductor 
device. 

0040 2A temperature sensor system (4) according to an 
exemplary embodiment of the invention can detect a chip 
temperature of a semiconductor device. The temperature sen 
sor System includes a temperature detection circuit (46) for 
outputting a Voltage according to the chip temperature and a 
reference Voltage generating circuit (50) for generating a 
plurality of reference voltages. Further, the temperature sen 
sor System (4) includes a plurality of voltage comparators (53 
to 56) for comparing each reference voltage obtained by the 
reference Voltage generating circuit with an output Voltage of 
the temperature detection circuit and thereby generating a 
chip temperature detection signal configured with multiple 
bits. Further, the temperature sensor System (4) includes a 
control circuit (45) for controlling the reference voltages 
generated by the reference Voltage generating circuit based on 
the chip temperature detection signal and thereby changing 
correspondence between the chip temperature detection sig 
nal and the chip temperature to shift a chip temperature detec 
tion range. The control circuit controls the reference Voltages 
so that parts of chip temperature detection ranges overlap 
each other around the shift of the chip temperature detection 
range. 

0041. With the above configuration, the control circuit in 
the temperature sensor System controls the reference Voltages 
generated by the reference Voltage generating circuit based on 
the chip temperature detection signal and thereby changes the 
correspondence between the chip temperature detection sig 
nal and the chip temperature to shift the chip temperature 
detection range, thereby enabling an expansion in the chip 
temperature detection range. Thus, it is possible to expand the 
chip temperature detection range by changing the correspon 
dence between the chip temperature detection signal and the 
chip temperature, without increasing the number of Voltage 
comparators. This makes it possible to suppress an increase in 
the chip occupation area of the temperature sensor with an 
expansion in the chip temperature detection range. Further, 
by controlling the reference Voltages so that parts of chip 
temperature detection ranges overlap each other around the 
shift of the chip temperature detection range, it is possible to 
normally detect the chip temperature (T) that changes in the 
direction opposite to the shift direction immediately after the 
shift of the chip temperature detection range. 

2. Details of Embodiments 

0042 
below. 

Embodiments will be described in greater detail 
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First Embodiment 

0043 FIG. 2 shows an LSI (Large Scale Integration) as an 
example of a semiconductor device according to the inven 
tion. 
0044 Although not restricted, the LSI 200 shown in FIG. 
2 is used in a car navigation system installed in a vehicle, and 
is formed over a single semiconductor Substrate such as a 
monocrystalline silicon Substrate, using a known semicon 
ductor integrated circuit manufacturing technology. The LSI 
200 includes a plurality of modules having predetermined 
functions and is formed as an Soc (System-on-a-chip). The 
modules include a CPU (central processing unit) 2 and a 
plurality of modules 6 to 17 as its peripheral circuits. The 
CPU 2 executes arithmetic processing based on a predeter 
mined program. Although not shown, the CPU 2 can include 
one or more modules for executing the same arithmetic pro 
cessing. Among the modules 6 to 17, the module 11 is an 
interrupt controller. The interrupt controller 11 receives an 
interrupt request from a peripheral circuit and asserts an inter 
rupt signal supplied to the CPU 2. Further, among the mod 
ules 6 to 17, the module 15 is a SATA (Serial Advanced 
Technology Attachment) interface as an example of a high 
speed serial interface, the module 16 is a high-speed serial 
interface other than SATA, and the module 17 is a DDR 
SDRAM controller. The SATA interface 15 is an interface for 
coupling a magnetic drive, an optical drive, etc. The high 
speed serial interface 16 is an interface corresponding to, for 
example, USB 3.0, PCI Express, etc. The DDR-SDRAM 
controller 17 is a controller for a DDR-SDRAM (Double 
Data-Rate Synchronous Dynamic Random Access Memory) 
which is a memory that enables data exchange on the rising 
and falling edges of a clock signal. The DDR-SDRAM is 
disposed outside the LSI 200, and the operation thereof is 
controlled by the DDR-SDRAM controller 17. 
0045. In the LSI 200 shown in FIG.2, a temperature sensor 
4 for detecting a chip temperature is formed. In this example, 
the temperature sensor 4 is disposed near the CPU 2 which is 
prone to temperature rise. A temperature detection result by 
the temperature sensor 4 is sent to the interrupt controller 11, 
the SATA interface 15, the high-speed serial interface 16, and 
the DDR-SDRAM controller 17, for operation control. 
0046 For example, if an excessive temperature such as 
125° C. or higher is detected by the temperature sensor 4, a 
predetermined interrupt request is made to the interrupt con 
troller 11. When the CPU 2 performs interrupt processing 
according to the interrupt request, a power Supply circuit 
disposed outside the LSI 200 is instructed to stop part or all of 
the supply of a source voltage to the CPU 2. When the supply 
of the source voltage to the CPU2 is stopped, part or all of the 
operation of the CPU 2 is stopped, so that the chip tempera 
ture gradually decreases. If the temperature detection result 
by the temperature sensor 4 does not indicate an excessive 
temperature, the source Voltage is Supplied to part or all of the 
CPU2 from the power supply circuit disposed outside the LSI 
2OO. 
0047. The SATA interface 15 and the high-speed serial 
interface 16 incorporate trimming circuits for adjusting tem 
perature-dependent characteristics respectively. In the SATA 
interface 15 and the high-speed serial interface 16, the incor 
porated trimming circuits perform trimming based on the 
temperature detection result by the temperature sensor 4. 
thereby correcting the temperature-dependent characteristics 
of the SATA interface 15 and the high-speed serial interface 
16. The trimming circuits are formed with a plurality of 
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resistors for trimming and Switches for selectively engaging 
the terminals of the resistors in circuit operation based on the 
temperature detection result by the temperature sensor 4, and 
Switching between the resistors can correct the temperature 
dependent characteristics. 
0048. The DDR-SDRAM controller 17 is an example of a 
module having a Small margin for low-temperature operation. 
It is desirable that the module having a small margin for 
low-temperature operation such as the DDR-SDRAM con 
troller 17 is operated attemperatures, such as exceeding -20° 
C., higher than an outer Surface guarantee temperature of e.g. 
-40° C. 
0049. Therefore, in this example, the DDR-SDRAM con 
troller 17 performs a dummy operation for generating heat if 
-40°C.<T<-20°C., based on a low-temperature operation 
signal outputted from the temperature sensor 4. The symbol 
“T” denotes the chip temperature. Then, when the chip tem 
perature T exceeds -20° C. by the dummy operation, the 
dummy operation is stopped, and the DDR-SDRAM control 
ler 17 performs an original control operation to enable the 
read/write of the DDR-SDRAM. In the dummy operation, 
signals are not inputted or outputted to/from the DDR 
SDRAM controller 17. For example, it is effective as the 
dummy operation to generate a test pattern within the DDR 
SDRAM controller 17 and send the test pattern to an internal 
logic in the DDR-SDRAM controller 17 to generate heat. 
0050. If the temperature does not exceed e.g. -20°C. only 
with the dummy operation of the DDR-SDRAM controller 
17, another module is added for the dummy operation with 
necessary heat. When the temperature exceeds -20°C., the 
dummy operation including another module is stopped, and a 
normal operation is performed. 
0051. Next, the detailed configuration of the temperature 
sensor 4 will be described. 
0.052 FIG. 1 shows a configuration example of the tem 
perature sensor 4. 
0053. The temperature sensor 4 includes a logic unit 41 
and an analog unit 42. 
0054 The logic unit 41 includes a control signal input 
circuit 43, a reference Voltage adjustment register 44, and a 
control circuit 45. 
0055. The control signal input circuit 43 receives a Didle 
signal indicating an idle state and generates thrftapin4. 
0056. The reference voltage adjustment register 44 is pro 
vided to hold a reference Voltage adjustment signal thr 
ftapinO-3 from a user system incorporating the LSI 200. With 
the reference voltage adjustment signal thriftapinO-3 held in 
the reference Voltage adjustment register 44, it is possible to 
fine-adjust a reference Voltage. For example as shown in FIG. 
8, the reference voltage adjustment signal thriftapinO-3 pro 
vides 16 combinations, which are assigned offset adjustment 
values in chip temperature detection. By arbitrarily selecting 
from among the 16 combinations of the reference Voltage 
adjustment signal thrftapinO-3 and setting it in the reference 
Voltage adjustment register 44, it is possible to fine-adjust the 
reference Voltage. In this example, by fine-adjusting the ref 
erence Voltage, the offset adjustment of chip temperature 
detection can be performed in units of 1°C. The default value 
of the reference Voltage adjustment signal thriftapin0-3 is “0. 
0, 0, 0. 
0057 To suppress an increase in the chip occupation area 
of the temperature sensor with an expansion in a chip tem 
perature detection range, the control circuit 45 has the func 
tion of controlling the reference Voltage based on a chip 
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temperature detection signal and thereby changing the corre 
spondence between the bits of the chip temperature detection 
signal and the chip temperature to shift the chip temperature 
detection range. Thus, it is possible to expand the chip tem 
perature detection range by shifting the chip temperature 
detection range. 
0058. The detailed configuration of each unit in the logic 
unit 41 will be detailed later. 
0059. The analog unit 42 includes a temperature detection 
circuit 46, an analog output buffer 47, a reference Voltage 
adjustment circuit 48, a reference output buffer 49, and a chip 
temperature detection signal generating circuit 57. 
0060. The temperature detection circuit 46 generates a 
temperature detection signal thsen in accordance with the 
chip temperature of the LSI 200, and generates a reference 
voltage Vref to reduce the influence of noise. For example, a 
circuit described in Patent Document 1 (paragraphs 0077 to 
0086) can be applied to the temperature detection circuit 46. 
The temperature detection circuit 46 operates at a high-po 
tential-side source Voltage Vddiq with respect to a low-poten 
tial-side source Voltage VSSq. The high-potential-side Source 
Voltage Vddq and the low-potential-side source Voltage VSSq 
are supplied from outside the LSI 200 through external ter 
minals 18 and 20 provided on the LSI 200. The output signal 
thrftapinA of the control signal input circuit 43 is sent to the 
temperature detection circuit 46. The temperature detection 
circuit 46 is activated when the output signal thr?tapinA of the 
control signal input circuit 43 is at a high level. At this time, 
the temperature detection signal thsen and the reference Volt 
age Vrefare generated. When the Didle signal becomes the 
high level, the output signal thrftapin4 of the control signal 
input circuit 43 becomes a low level, and the temperature 
detection signal thsen and the reference Voltage Vref are not 
generated. 
0061 The analog output buffer 47 receives the output of 
the temperature detection circuit 46, and outputs a tempera 
ture detection resultanalog signal Vth sense. The temperature 
detection result analog signal Vth sense is outputted to the 
outside of the LSI 200 through an external terminal 19 of the 
LSI 200. The analog output buffer 47 is activated when the 
output signal thrftapin4 is at the high level. At this time, the 
temperature detection result analog signal Vthsense is out 
putted to the outside of the LSI 200 through the external 
terminal 19. The analog output buffer 47 is deactivated when 
the output signal thriftapin4 is at the low level. At this time, the 
temperature detection result analog signal Vthsense is not 
outputted to the outside of the LSI 200. 
0062. The reference voltage adjustment circuit 48 fine 
adjusts the reference Voltage inputted to the chip temperature 
detection signal generating circuit 57 in accordance with 
information set in the reference Voltage adjustment register 
44. Although not restricted, the reference Voltage adjustment 
circuit 48 includes a variable resistor circuit 58, an opera 
tional amplifier (OP) 51, and an N-channel MOS transistor 
52. The operational amplifier 51 is supplied with the high 
potential-side source Voltage Vddq and the low-potential-side 
Source Voltage VSSq as operating source Voltages. The refer 
ence voltage Vref outputted from the temperature detection 
circuit 46 is Supplied to the non-inverting input terminal (+) of 
the operational amplifier 51. The variable resistor circuit 58 
includes a plurality of resistors for dividing the output Voltage 
of the reference voltage adjustment circuit 48 and switches 
for changing the division ratio of the resistors in accordance 
with the information set in the reference voltage adjustment 
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register 44. A voltage divided by the variable resistor circuit 
58 is supplied to the inverting input terminal (-) of the opera 
tional amplifier 51. 
0063. The reference output buffer 49 is provided to output 
the reference voltage Vref outputted from the temperature 
detection circuit 46 as V threfto the outside of the LSI 200. 
The reference output buffer 49 is activated when the output 
signal thriftapin4 is at the high level. At this time, the reference 
voltage Vref is outputted to the outside of the LSI 200 through 
an external terminal 21 of the LSI 200. The reference output 
buffer 49 is deactivated when the output signal thriftapin4 is at 
the low level. At this time, the reference voltage Vref is not 
outputted to the outside of the LSI 200. 
0064. The chip temperature detection signal generating 
circuit 57 is provided to generate the chip temperature detec 
tion signal thcpout 0, thcpouts, thcpout10, thcpout 15 (abbre 
viated as “thcpout.0-15') configured with multiple bits repre 
senting the chip temperature. The chip temperature detection 
signal generating circuit 57 includes a reference Voltage gen 
erating circuit 50 for generating a plurality of reference volt 
ages and a plurality of voltage comparators (CP) 53 to 56 for 
comparing each reference Voltage obtained by the reference 
voltage generating circuit 50 with the temperature detection 
voltage thsen of the temperature detection circuit 46 and 
thereby generating the chip temperature detection signal 
thcpout.0-15 configured with multiple bits representing the 
chip temperature. The temperature detection signal thsen of 
the temperature detection circuit 46 is supplied to the non 
inverting input terminals (+) of the voltage comparators 53 to 
56. The reference voltages of the reference voltage generating 
circuit 50 are supplied to the inverting input terminals (-) of 
the voltage comparators 53 to 56, respectively. The tempera 
ture detection signal thsen of the temperature detection circuit 
46 and the reference Voltages of the reference Voltage gener 
ating circuit 50 have a common reference level of the low 
potential-side source Voltage VSSq. 
0065. The voltage of the temperature detection signal 
thsen varies depending on the temperature (e.g., 1.7 mV/C.). 
Assuming that the noise level of the temperature detection 
signal thsen actually ranges between +10 and +50 mV, an 
error of +5.5 to +37.7° C. occurs only by the noise of the 
temperature detection signal thsen unless the noise is can 
celed. In this example, since the temperature detection signal 
thsen of the temperature detection circuit 46 and the reference 
Voltages of the reference Voltage generating circuit 50 have a 
common reference level of the low-potential-side source volt 
age VSSq, the noise is canceled by the function of common 
mode rejection by the differential amplification operation of 
the voltage comparators 53 to 56, it is possible to obtain a 
high-accuracy temperature detection result (chip temperature 
detection signal thcpout.0-15). 
0.066 FIG. 3 shows a configuration example of the refer 
ence Voltage generating circuit 50. 
0067. The reference voltage generating circuit 50 includes 
four voltage generating units 503 to 506 disposed corre 
sponding to the voltage comparators 53 to 56. The voltage 
generating units 503 to 506 are coupled between an output 
voltage thref of the reference voltage adjustment circuit 48 
and the low-potential-side source Voltage VSSq, and generate 
the reference voltages of predetermined levels respectively by 
dividing the output voltage thref of the reference voltage 
adjustment circuit 48 with respect to the low-potential-side 
Source Voltage VSSq. 
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0068. The voltage generating unit 503 generates a refer 
ence Voltage Supplied to the inverting input terminal (-) of the 
voltage comparator 56. The voltage generating unit 503 
includes a Vssa-side dividing resistor group 301A, a thref 
side dividing resistor group 301B, and a switch group 302 for 
changing a division ratio by selectively engaging dividing 
resistors of the thre?-side dividing resistor group 301B in 
circuit operation. 
0069. The voltage generating unit 504 generates a refer 
ence Voltage Supplied to the inverting input terminal (-) of the 
voltage comparator 55. The voltage generating unit 504 
includes a Vssa-side dividing resistor group 303A, a thref 
side dividing resistor group 303B, and a switch group 304 for 
changing a division ratio by selectively engaging dividing 
resistors of the thre?-side dividing resistor group 303B in 
circuit operation. 
0070 The voltage generating unit 505 generates a refer 
ence Voltage Supplied to the inverting input terminal (-) of the 
voltage comparator 54. The voltage generating unit 505 
includes a Vssa-side dividing resistor group 305A, a thref 
side dividing resistor group 305B, and a switch group 306 for 
changing a division ratio by selectively engaging dividing 
resistors of the thre?-side dividing resistor group 305B in 
circuit operation. 
0071. The voltage generating unit 506 generates a refer 
ence Voltage Supplied to the inverting input terminal (-) of the 
voltage comparator 53. The voltage generating unit 506 
includes a Vssa-side dividing resistor group 307A, a thref 
side dividing resistor group 307B, and a switch group 308 for 
changing a division ratio by selectively engaging dividing 
resistors of the thre?-side dividing resistor group 307B in 
circuit operation. 
0072 Assuming that the value of each dividing resistor in 
the Vssa-side dividing resistor group 307A in the voltage 
generating unit 506 is denoted by “Ra', the value of each 
dividing resistor in the VSSq-side dividing resistor group 
305A in the voltage generating unit 505 is denoted by 
“nxRa', the value of each dividing resistor in the Vssa-side 
dividing resistor group 303A in the Voltage generating unit 
504 is denoted by “2nxRa', and the value of each dividing 
resistor in the Vssa-side dividing resistor group 301A in the 
voltage generating unit 503 is denoted by “3nxRa'. The sym 
bol “n” denotes a resistance ratio, and a temperature differ 
ence by the chip temperature detection signal thcpout.0-15 is 
determined by the resistance ration. In this example, the 
resistance ration is determined so that the temperature dif 
ference by the chip temperature detection signal thcpout 0-15 
is 59 C. 

0073. The states of the switch groups 302 to 308 in the 
voltage generating units 503 to 506 are controlled by the 
control circuit 45. The reference voltages supplied to the 
voltage comparators 53 to 56 can be changed by the switch 
control. The correspondence between the bits of the chip 
temperature detection signal thcpout 0-15 and the chip tem 
perature is changed by changing the reference Voltages Sup 
plied to the voltage comparators 53 to 56. In this example, the 
chip temperature detection range can be shifted in units of 15° 
C. in accordance with the states of the switch groups 302 to 
308 in the voltage generating units 503 to 506. The operations 
of the switch groups 302 to 308 are controlled by a reference 
Voltage control signal thcptapinO-3 outputted from the con 
trol circuit 45. 
0074 FIG. 4 shows another configuration example of the 
reference Voltage generating circuit 50. 
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0075. The reference voltage generating circuit 50 shown 
in FIG. 4 includes dividing resistor groups 310,311,312,313, 
314, and a switch group 315 coupled in series. One terminal 
of the dividing resistor group 310 is coupled to the low 
potential-side Source Voltage VSSq. The output Voltage thref 
of the reference voltage adjustment circuit 48 is applied to one 
terminal of the switch group 315. The reference voltage sup 
plied to the inverting input terminal (-) of the Voltage com 
parator 53 is obtained from the node between the series 
coupled dividing resistor groups 310 and 311. The reference 
Voltage Supplied to the inverting input terminal (-) of the 
voltage comparator 54 is obtained from the node between the 
series-coupled dividing resistor groups 311 and 312. The 
reference Voltage Supplied to the inverting input terminal (-) 
of the voltage comparator 55 is obtained from the node 
between the series-coupled dividing resistor groups 312 and 
313. The reference voltage supplied to the inverting input 
terminal (-) of the voltage comparator 56 is obtained from the 
node between the series-coupled dividing resistor groups 313 
and 314. 
0076. The value of each dividing resistor in the dividing 
resistor groups 310 to 313 is denoted by “Rd. and the value 
of each dividing resistor in the dividing resistor group 314 is 
denoted by “Rc'. The value of each dividing resistor in the 
dividing resistor groups 310 to 314 is set so that the tempera 
ture difference by the chip temperature detection signal 
thcpout.0-15 is 5° C. The state of the switch group 315 is 
controlled by the control circuit 45. The reference voltages 
supplied to the voltage comparators 53 to 56 can be changed 
by the switch control. The correspondence between the bits of 
the chip temperature detection signal thcpout 0-15 and the 
chip temperature is changed by changing the reference Volt 
ages supplied to the voltage comparators 53 to 56. In this 
example, the chip temperature detection range can be shifted 
in units of 15° C. in accordance with, the state of the switch 
group 315. The operation of the switch group 315 is con 
trolled by the reference voltage control signal thcptapinO-3 
outputted from the control circuit 45. 
0077 FIG. 5 shows a configuration example of the main 
part of the logic unit 41. 
0078. The control circuit 45 in the logic unit 41 includes a 

first register 451, a second register 452, a third register 453, a 
switch control circuit 455, and a low-temperature operation 
signal generating circuit 456. 
(0079. The first register 451 is configured with 4 bits, and 
holds the reference voltage control signal thcptapinO-3 for 
controlling the reference Voltages. The reference Voltage con 
trol signal thcptapinO-3 is sent to the reference Voltage gen 
erating circuit 50. The initial value of the reference voltage 
control signal thcptapinO-3 is “0, 1, 0, 0'. The initial value is 
changed in accordance with the usage environment of the LSI 
and temperature control necessary for modules mounted on 
the LSI. The chip temperature detection signal thcpout.0-15 is 
sent to the second register 452. The second register 452 is 
configured with 4 bits. The switch control circuit 455 incre 
ments or decrements the reference Voltage control signal 
thcptapinO-3 for controlling the operations of the switch 
groups (302,304,306,308,315) based on the chip tempera 
ture detection signal thcpout.0-15 held in the second register 
452. In this example, the reference Voltage control signal 
thcptapinO-3 is incremented if the chip temperature detection 
signal thcpout 0-15 is “1, 1, 1, 1’, and the reference voltage 
control signal thcptapinO-3 is decremented if the chip tem 
perature detection signal thcpout.0-15 is “0, 0, 0, 0'. An incre 
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ment value and a decrement value are “1”. By incrementing or 
decrementing the reference Voltage control signal thcptapinO 
3, the correspondence between the bits of the chip tempera 
ture detection signal thcpout.0-15 and the chip temperature is 
changed, so that the chip temperature detection range is 
shifted. 
0080 Here, the shift of the chip temperature detection 
range will be detailed. 
0081 FIG. 7 shows the correspondence between informa 
tion (thcptapinO-3) held in the first register 451 and informa 
tion (thcpout.0-15) held in the second register 452. 
0082 In this example, the initial value of the first register 
451 is “0, 1, 0, 0”. In the case where the first register 451 is “0, 
1, 0, 0, the correspondence between the bits of the chip 
temperature detection signal thcpout.0-15 written in the sec 
ond register 452 and the chip temperature is as follows. 
0083. That is, in the case where the first register 451 is the 

initial value “0, 1, 0, 0” (No. 3), thcpout.0-15 “0, 0, 0, 0” 
indicates the chip temperature T=-35°C., thcpout0-15" 1, 0, 
0, 0” indicates the chip temperature T=-30° C., and 
thcpout.0-15 “1, 1, 0, 0” indicates the chip temperature T=- 
25° C. Further, thcpout.0-15 “1, 1, 1, 0” indicates the chip 
temperature T-20°C., and thcpout.0-15 “1, 1, 1, 1’ indi 
cates the chip temperature Tj=-15° C. That is, in the case 
where the information held in the first register 451 is “0, 1, 0, 
0', the chip temperature detection range is -35 to -15°C. 
0084. In the case where the first register 451 is the initial 
value“0, 1, 0, 0 (No. 3), when thcpout.0-15 becomes “1, 1, 1, 
1, the reference voltage control signal thcptapinO-3 is incre 
mented by the switch control circuit 455, and the information 
held in the first register 451 is changed to “1, 1, 0, 0'. In the 
case where the information held in the first register 451 is “1, 
1, 0, 0” (No. 4), thcpout.0-15 “0, 0, 0, 0” indicates the chip 
temperature T-20°C., thcpout.0-15"1,0,0,0” indicates the 
chip temperature T -15° C., and thcpout.0-15 “1, 1, 0, 0” 
indicates the chip temperature T=-10°C. Further, thcpout.0- 
15 “1, 1, 1, 0” indicates the chip temperature T=-5°C., and 
thcpout.0-15 “1, 1, 1, 1’ indicates the chip temperature T=0° 
C. That is, when the first register 451 is changed from the 
initial value “0, 1, 0, 0” to “1, 1, 0, 0, the chip temperature 
detection range is shifted from “-35 to -15° C.” to “-20 to 0° 
C. 

0085. In the same way, when thcpout 0-15 becomes “1, 1, 
1, 1’, the reference voltage control signal thcptapinO-3 is 
incremented by the switch control circuit 455, and the infor 
mation held in the first register 451 is changed, so that the chip 
temperature detection range is shifted. For example, when the 
reference Voltage control signal thcptapin 0-3 is incremented, 
and the information held in the first register 451 is changed to 
“0, 1, 1, 1’ (No. 15), thcpout.0-15"0,0,0,0” indicates the chip 
temperature Tji=145° C., thcpout.0-15 “1,0,0,0” indicates the 
chip temperature Tj=150° C., and thcpout.0-15 “1, 1, 0, 0” 
indicates the chip temperature T=155° C. Further, thcpout.0- 
15 “1, 1, 1,0” indicates the chip temperature T=160° C., and 
thcpout.0-15 “1, 1, 1, 1” indicates the chip temperature 
T=165°C. That is, in the case where the information held in 
the first register 451 is "0, 1, 1, 1’, the chip temperature 
detection range is 145 to 165° C. 
I0086. Further, when the reference voltage control signal 
thcptapinO-3 is incremented, and the information held in the 
first register 451 is changed to “1, 1, 1, 1’ (No. 16), thcpout.0- 
15 “0, 0, 0, 0” indicates the chip temperature T–160° C., 
thcpout.0-15 “1, 0, 0, 0” indicates the chip temperature 
T=165° C., and thcpout.0-15 “1, 1, 0, 0” indicates the chip 
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temperature Tji=170° C. Further, thcpout.0-15 “1, 1, 1, 0” 
indicates the chip temperature T=175°C., and thcpout 0-15 
“1, 1, 1, 1’ indicates the chip temperature T=180°C. That is, 
in the case where the information held in the first register 451 
is “1, 1, 1, 1’, the temperature detection range is 160 to 180° 
C 

I0087. In the case where the first register 451 is the initial 
value"0, 1, 0, 0 (No. 3), when thcpout.0-15 becomes “0, 0, 0, 
0', the reference Voltage control signal thcptapin 0-3 is dec 
remented by the switch control circuit 455, and the informa 
tion held in the first register 451 is changed to “1, 0, 0, 0'. In 
the case where the information held in the first register 451 is 
“1, 0, 0, 0” (No. 2), thcpout 0-15"0, 0, 0, 0” indicates the chip 
temperature T-50° C., thcpout.0-15"1,0,0,0” indicates the 
chip temperature T=-45° C., and thcpout 0-15 “1, 1, 0, 0 
indicates the chip temperature T=-40°C. Further, thcpout.0- 
15“ 1, 1, 1, 0” indicates the chip temperature T=-35°C., and 
thcpout.0-15 “1, 1, 1, 1” indicates the chip temperature T=- 
30°C. That is, when the first register 451 is changed from the 
initial value “0, 1, 0, 0” to “1, 0, 0, 0, the chip temperature 
detection range is shifted from "-35 to -15°C. to "-50 to 
-30° C. 

I0088. In the same way, when the reference voltage control 
signal thcptapinO-3 is decremented, and the information held 
in the first register 451 is changed to "0, 0, 0, 0 (No. 1), 
thcpout.0-15 “0, 0, 0, 0” indicates the chip temperature T<- 
60° C., thcpout.0-15 “1,0,0,0” indicates the chip temperature 
T=-60° C., and thcpout.0-15 “1, 1, 0, 0” indicates the chip 
temperature Tji=–55° C. Further, thcpout 0-15 “1, 1, 1, 0” 
indicates the chip temperature T=-50° C., and thcpout 0-15 
“1, 1, 1, 1’ indicates the chip temperature T=-45°C. That is, 
in the case where the information held in the first register 451 
is "0, 0, 0, the temperature detection range is -60 to -45° C. 
I0089. In this example, the control circuit 45 controls the 
reference Voltages so that parts of chip temperature detection 
ranges overlap each other around the shift of the chip tem 
perature detection range. For example, in the case where the 
first register 451 is changed from the initial value"0, 1, 0, 0 
(No. 3) to “1, 1, 0, 0 (No. 4), the chip temperature detection 
ranges overlap at -20°C. and -15° C. around the shift of the 
chip temperature detection range. Similarly, in the case where 
the first register 451 is changed from the initial value “0, 1, 0, 
0 (No. 3) to “1, 0, 0, 0 (No. 2), the chip temperature detec 
tion ranges overlap at -30°C. and -35°C. around the shift of 
the chip temperature detection range. By thus controlling the 
reference Voltages so that parts of chip temperature detection 
ranges overlap each other around the shift of the chip tem 
perature detection range, it is possible to cope with the case 
the chip temperature T changes in the direction opposite to 
the shift direction immediately after the shift of the chip 
temperature detection range. Specific examples are described 
below. 

(0090. For example, in the case where the first register 451 
is the initial value “0, 1, 0, 0 (No. 3), when thcpout.0-15 
becomes “1, 1, 1, 1” at the chip temperature T=-15°C., the 
reference Voltage control signal thcptapinO-3 is incremented 
by the switch control circuit 455, and the information held in 
the first register 451 is changed to “1, 1, 0, 0”. If thcpout 0-15 
“0, 0, 0, 0” is assigned to the chip temperature T=-15°C. in 
the case where the information held in the first register 451 is 
“1, 1, 0, 0 (No. 4), it is not possible to detect an actual chip 
temperature of T=-20°C. 
0091. Therefore, in the case where the information held in 
the first register 451 is “1, 1, 0, 0 (No. 4), thcpout 0-15 “0, 0, 
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0, O' is assigned to the chip temperature T=-20° C. 
thcpout.0-15 “1, 0, 0, 0” is assigned to the chip temperature 
T=-15°C., and thcpout.0-15 “1, 1, 0, 0” is assigned to the 
chip temperature T=-10°C. That is, the chip temperature 
detection ranges overlap at -20° C. and -15° C. around the 
shift of the chip temperature detection range. Accordingly, in 
the case where the first register 451 is the initial value"0, 1, 0, 
0 (No. 3), when thcpout.0-15 becomes “1, 1, 1, 1” at the chip 
temperature Tj=-15°C., the reference voltage control signal 
thcptapinO-3 is incremented by the switch control circuit 455, 
and the information held in the first register 451 is changed to 
“1, 1, 0, 0, so that the chip temperature detection range is 
shifted from “-35 to -15°C to “-20 to 0°C. Then, when 
the actual chip temperature becomes T=-20°C., thcpout.0- 
15 becomes “0, 0, 0, 0, and the reference voltage control 
signal thcptapinO-3 is decremented by the switch control 
circuit 455; therefore, it is possible to normally detect the chip 
temperature. 
0092. Further, in the case where the first register 451 is the 
initial value “0, 1, 0, 0” (No. 3), when thcpout.0-15 becomes 
“0, 0, 0, 0, the reference voltage control signal thcptapinO-3 
is decremented by the switch control circuit 455, and the 
information held in the first register 451 is changed to “1, 0, 0, 
O”. If thcpout.0-15" 1, 1, 1, 1 is assigned to the chip tempera 
ture T=-35°C. in the case where the information held in the 
first register 451 is “1, 0, 0, 0 (No. 2), it is not possible to 
detect an actual chip temperature of T=-30°C. 
0093. Therefore, in the case where the information held in 
the first register 451 is “1, 0, 0, 0” (No. 2), thcpout 0-15" 1, 1, 
1, 1 is assigned to the chip temperature T=-30° C., 
thcpout.0-15 “1, 1, 1, O’ is assigned to the chip temperature 
T=-35°C., and thcpout.0-15 “1, 1, 0, 0” is assigned to the 
chip temperature T=-40°C. That is, the chip temperature 
detection ranges overlap at -30° C. and -35° C. around the 
shift of the chip temperature detection range. Accordingly, in 
the case where the first register 451 is the initial value"0, 1, 0, 
0 (No. 3), when thcpout.0-15 becomes “0, 0, 0, 0” at the chip 
temperature Tj=-35°C., the reference voltage control signal 
thcptapinO-3 is decremented by the switch control circuit 455, 
and the information held in the first register 451 is changed to 
“1, 0, 0, 0, so that the chip temperature detection range is 
shifted from “-35 to -15°C. to “-50 to -30°C.'. Then, when 
the actual chip temperature becomes T=-30°C., thcpout.0- 
15 becomes “1, 1, 1, 1’, and the reference voltage control 
signal thcptapinO-3 is incremented by the switch control cir 
cuit 455; therefore, it is possible to normally detect the chip 
temperature. 
0094. While the foregoing has been described with refer 
ence to the initial value"0, 1, 0, 0 (No. 3) of the first register 
451, the same applies to another state of the first register 451. 
0095. The switch control circuit 455 shown in FIG. 5 
increments the reference Voltage control signal thcptapinO-3 
when the information (thcpout 0-15) held in the second reg 
ister 452 is “1, 1, 1, 1’, and decrements the reference voltage 
control signal thcptapinO-3 when the information (thcpout.0- 
15) held in the second register 452 is “0, 0, 0, 0”. Further, the 
switch control circuit 455 starts mask processing when the 
information (thcpout.0-15) held in the second register 452 
becomes “1, 1, 1, 1 or “0, 0, 0, 0'. In the mask processing, the 
logic value of the signal sent from the second register 452 is 
fixed only during a predetermined mask period. Therefore, 
even if the information held in the second register 452 is 
updated, the update of the information held in the second 
register 452 is not reflected on the control of the switch 
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control circuit 455 during the predetermined mask period. 
The mask period is set in consideration of a period until the 
first register 451 is updated and the outputs of the voltage 
comparators 53 to 56 become stabilized in accordance with 
the updated reference Voltages. In this example, the mask 
period is set to 100 to 300 usec. With the mask processing, it 
is possible to stabilize the reference Voltage control signal 
thcptapinO-3. 
(0096. The third register 453 shown in FIG. 5 holds the 
reference Voltage control signal thcptapin 0-3 and the chip 
temperature detection signal thcpout.0-15 from the switch 
control circuit 455. The information held in the third register 
453 is sent to the low-temperature operation signal generating 
circuit 456, the SATA interface 15, the high-speed serial 
interface 16, a logic circuit 31, and the like. The logic circuit 
31 asserts an interrupt request signal to the CPU 2 when the 
reference voltage control signal thcptapinO-3 becomes “0, 0, 
1, 1’ and the chip temperature detection signal thcpout 0-15 
becomes “1, 1, 0, 0'. The interrupt request signal as a request 
for interrupt processing for an excessive temperature is sent to 
the interrupt controller 11. The interrupt request signal to the 
CPU2 is negated when the third bit (thcptapin2) from the left 
of thcptapinO-3 becomes the low level. 
0097. The low-temperature operation signal generating 
circuit 456 shown in FIG. 5 receives the reference voltage 
control signal thcptapinO-3 and the chip temperature detec 
tion signal thcpout.0-15 from the third register 453, and gen 
erates a low-temperature operation signal based thereon. The 
low-temperature operation signal is configured with 4 bits. 
The first bit of the low-temperature operation signal is at the 
low level attemperatures lower than-25°C., and is at the high 
level attemperatures not lower than -25°C. The second bit of 
the low-temperature operation signal is at the low level at 
temperatures lower than -20°C., and is at the high level at 
temperatures not lower than -20°C. The third bit of the 
low-temperature operation signal is at the low level at tem 
peratures lower than -15° C., and is at the high level at 
temperatures not lower than -15°C. The fourth bit of the 
low-temperature operation signal is at the low level at tem 
peratures lower than -10° C., and is at the high level at 
temperatures not lower than -10°C. Thus, in the generation 
of the low-temperature operation signal, the reference Voltage 
control signal thcptapinO-3 is needed along with the chip 
temperature detection signal thcpout.0-15 so as to be able to 
correctly recognize the corresponding chip temperature by 
referring to the reference Voltage control signal thcptapinO-3 
even if the correspondence between the bits of the chip tem 
perature detection signal and the chip temperature is changed 
by the switch control of the switch control circuit 455. The 
low-temperature operation signal obtained by the low-tem 
perature operation signal generating circuit 456 is sent to the 
DDR-SDRAM controller 17. The DDR-SDRAM controller 
17 performs a dummy operation for generating heat if -40° 
C.<T<-20°C. The symbol T denotes the chip temperature. 
The read/write of the DDR-SDRAM is disabled during the 
dummy operation. Then, when the chip temperature T 
exceeds -20°C. by the dummy operation, the dummy opera 
tion is stopped, and the DDR-SDRAM controller 17 performs 
an original control operation to enable the read/write of the 
DDR-SDRAM. Since the read/write of the DDR-SDRAM is 
performed when the chip temperature Texceeds -20°C., it is 
possible to avoid an unstable operation of the DDR-SDRAM 
controller 17. If the temperature does not exceed e.g. -20°C. 
only with the dummy operation of the DDR-SDRAM con 
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troller 17, another module is added for the dummy operation 
with necessary heat. When the temperature exceeds -20°C., 
the dummy operation is stopped, and a normal operation is 
performed. 
0098. The control signal input circuit 43 shown in FIG. 5 
includes an inverter 432 for inverting the logic of the inputted 
Didle signal. The output thrftapinA of the inverter 432 is sent 
to the analog unit 42. 
0099 Next, the operation of the LSI 200 configured as 
above will be described. 
0100 FIG. 6 shows a flow of the operation of the main part 
of the LSI 200. 
0101 Before power-on reset after turning on the LSI 200 
(601), in the analog unit 42 in the temperature sensor 4, the 
initial values of the reference Voltage adjustment signal thr 
ftapinO-3 and the reference voltage control signal 
thcptapinO-3 are determined (602). Further, in the analog unit 
42, the temperature detection resultanalog signal Vth sense is 
outputted through the external terminal 19 from the analog 
output buffer 47, and the reference voltage V thref is outputted 
through the external terminal 21 from the reference output 
buffer 49. The temperature detection result analog signal 
Vthsense and the reference voltage V threfare also outputted 
at the time of thermal runaway of the LSI 200 (603), and are 
used for the control of the user system incorporating the LSI 
2OO. 
0102. After power-on reset after turning on the LSI 200 
(601), the operation of the logic unit 41 in the temperature 
sensor 4 starts (604). For example, the low-temperature 
operation signal is generated by the low-temperature opera 
tion signal generating circuit 456, and sent to the DDR 
SDRAM controller 17. The low-temperature operation signal 
outputted from the temperature sensor 4 is at the high level if 
-40°C.<chip temperature Tj<-20°C. (605); accordingly, the 
DDR-SDRAM controller 17 performs a dummy operation for 
generating heat. When the chip temperature Texceeds -20° 
C., the low-temperature operation signal becomes the low 
level. Thereby, the DDR-SDRAM controller 17 transitions 
from the dummy operation to a normal operation. 
0103) In some cases, a user does not need the operation of 
the temperature sensor 4 (606). For example, when BIST 
(built-in self-test) is performed on the memory and the logic 
or the LSI 200 is idle, the Didle signal is asserted. The external 
output of the reference voltage V thref and the temperature 
detection result analog signal Vth sense is stopped (607). At 
this time, the reference voltage V thref and the temperature 
detection result analog signal Vth sense are fixed to the low 
level. 
0104. In the case where the user needs the operation of the 
temperature sensor 4, the reference Voltage adjustment signal 
thrftapinO-3 is set (608). If the reference voltage adjustment 
signal thrftapin 0-3 is not set, the default value “0, 0, 0, 0” is 
adopted. 
0105. With the operations of the logic unit 41 and the 
analog unit 42 in the temperature sensor 4, thcptapinO-3 and 
thcpout.0-15 are varied in accordance with the chip tempera 
ture T (609). 
0106 FIG. 9 shows operation timing in chip temperature 
increase. 
0107 For example, in a state where the reference voltage 
control signal thcptapin is "0, 0, 0, 0, by Voltage comparison 
operations of the voltage comparators 53 to 56, the value of 
the chip temperature detection signal thcpout0-15 is updated 
in 5°C., increments of the chip temperature T (901). Then, 
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when the chip temperature detection signal thcpout 0-15 
becomes “1, 1, 1, 1’, the reference Voltage control signal 
thcptapin is incremented to “1, 0, 0, 0” by the switch control 
circuit 455. At this time, for the stabilization of the reference 
Voltage control signal thcptapinO-3, the output of the second 
register 452 is masked only for a period of 100 to 300 sec 
(902). The output “1, 1, 1, 1” of the second register 452 before 
a mask start is held during the mask period. The mask is 
released after a lapse of 100 to 300 usec from the mask start. 
Then, in a state where the chip temperature detection range is 
shifted by +15°C. (thcptapin is “1, 0, 0, 0), again by voltage 
comparison operations of the voltage comparators 53 to 56, 
the value of the chip temperature detection signal thcpout 0-15 
is updated in 5° C. increments of the chip temperature T 
(903). Then, when the chip temperature detection signal 
thcpout.0-15 becomes “1, 1, 1, 1’, the reference voltage con 
trol signal thcptapin is incremented to “0, 1, 0, 0” by the 
switch control circuit 455. At this time, for the stabilization of 
the reference Voltage control signal thcptapinO-3, the output 
of the second register 452 is masked only for a period of 100 
to 300 usec. After the mask is released, in a state where the 
chip temperature detection range is shifted by +15° C. (th 
cptapin is "0, 1, 0, 0), again by Voltage comparison opera 
tions of the voltage comparators 53 to 56, the value of the chip 
temperature detection signal thcpout.0-15 is updated in 5°C. 
increments of the chip temperature T. In temperature 
increase, thcpout 0 is always at the high level (logic value 1). 
0.108 FIG. 10 shows operation timing in chip temperature 
decrease. 

0109 For example, in a state where the reference voltage 
control signal thcptapin is “1, 1, 1, 1’, by Voltage comparison 
operations of the voltage comparators 53 to 56, the value of 
the chip temperature detection signal thcpout.0-15 is updated 
in 5° C. decrements of the chip temperature T (101). Then, 
when the chip temperature detection signal thcpout 0-15 
becomes “0, 0, 0, 0, the reference voltage control signal 
thcptapin is decremented to “0, 1, 1, 1” by the switch control 
circuit 455. At this time, for the stabilization of the reference 
Voltage control signal thcptapinO-3, the output of the second 
register 452 is masked only for a period of 100 to 300 usec 
(102). The output “0,0,0,0” of the second register 452 before 
a mask start is held during the mask period. The mask is 
released after a lapse of 100 to 300 usec from the mask. start. 
Then, in a state where the chip temperature detection range is 
shifted by -15°C. (thcptapin is "0, 1, 1, 1), again by voltage 
comparison operations of the voltage comparators 53 to 56, 
the value of the chip temperature detection signal thcpout 0-15 
is updated in 5° C. decrements of the chip temperature T 
(103). Then, when the chip temperature detection signal 
thcpout.0-15 becomes “0, 0, 0, 0, the reference voltage con 
trol signal thcptapin is decremented to “1, 1, 0, 0” by the 
switch control circuit 455. At this time, for the stabilization of 
the reference Voltage control signal thcptapinO-3, the output 
of the second register 452 is masked only for a period of 100 
to 300 usec. After the mask is released, in a state where the 
chip temperature detection range is shifted by -15°C., again 
by Voltage comparison operations of the Voltage comparators 
53 to 56, the value of the chip temperature detection signal 
thcpout.0-15 is updated in 5° C. decrements of the chip tem 
perature T. In temperature decrease, thcpout15 is always at 
the low level (logic value 0). 
0110. When the chip temperature T increases sharply or 
the chip temperature T is already sufficiently high at the time 
ofoperation of the system, the first register 451 is sequentially 
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incremented in steps of 15° C. from the initial value “0, 1, 0, 
O' (No. 3) until thcptapinO-3 reaches the corresponding chip 
temperature detection range by thcpout 0-15" 1, 1, 1, 1’, with 
out problems in circuit operation. 
0111. The operations of units in the LSI 200 are controlled 
based on the output signals of the temperature sensor 4. 
0112 For example, the operation of the DDR-SDRAM 
controller 17 is continuously controlled by the low-tempera 
ture operation signal generated by the low-temperature 
operation signal generating circuit 456 (610). 
0113. If an excessive temperature such as 125° C. or 
higher is detected by the temperature sensor 4, a predeter 
mined interrupt request is made to the interrupt controller 11 
(611). When the CPU2 performs interrupt processing accord 
ing to the interrupt request, the Supply of the source Voltage to 
the CPU (some or all cores in the case of multiple cores) from 
the power supply circuit disposed outside the LSI 200 is 
stopped. When the supply of the source voltage to the CPU 2 
is stopped, the operation of the CPU 2 (some or all cores in the 
case of multiple cores) is stopped, so that the chip temperature 
gradually decreases. If the temperature detection result by the 
temperature sensor 4 does not indicate an excessive tempera 
ture, the source voltage is supplied to the CPU 2 from the 
power supply circuit disposed outside the LSI 200. Further, 
the bit information of the reference voltage control signal 
thcptapinO-3 and the chip temperature detection signal 
thcpout.0-15 can be sent to the CPU 2 and processed as appro 
priate under a program executed by the CPU 2 (611). 
0114. Further, various kinds of operation control can be 
performed based on the output signals of the temperature 
sensor 4 (612). For example, since the reference voltage 
Vthref and the temperature detection result analog signal 
Vthsense are effective at the time of thermal runaway of the 
LSI 200, the supply of the source voltage to the LSI 200 may 
be shut off outside the LSI 200 by outputting these signals to 
the outside of the LSI 200 (614). Further, when the supply of 
the source voltage to the LSI 200 is shut off outside the LSI 
200, the operation of the temperature sensor 4 is also stopped 
(615). It is desirable that the user system incorporating the 
LSI 200 controls the resumption of the supply of the source 
voltage to the LSI 200. 
0115 Further, since the reference voltage V thref and the 
temperature detection result analog signal Vth sense can be 
obtained also at the time of a low-temperature abnormal 
operation of the LSI 200, control may be performed so as to 
maintain the reset state of the LSI 200, using these signals 
(613). 
0116 Further, if a normal-temperature operation of the 
LSI 200 can be confirmed based on the output signals of the 
temperature sensor 4, the frequency of the clock signal in the 
LSI 200 may be increased, which can increase a processing 
speed in the LSI 200. 

Second Embodiment 

0117 FIG. 11 shows another configuration example of the 
LSI as an example of the semiconductor device according to 
the invention. 
0118. The LSI 200 shown in FIG. 11 differs from that 
shown in FIG. 2 mainly in having temperature sensors 401 
and 402 besides the temperature sensor 4. The temperature 
sensor 401 is disposed near the SATA interface 15 and the 
high-speed serial interface 16, and the output signal of the 
temperature sensor 401 is sent to the SATA interface 15 and 
the high-speed serial interface 16. The temperature sensor 
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402 is disposed near the DDR-SDRAM controller 17, and the 
output signal of the temperature sensor 402 is sent to the 
DDR-SDRAM controller 17. Thus, temperature sensors may 
be disposed near main modules to control operations thereof 
based on the output signals of the temperature sensors, 
respectively. The temperature sensors 401 and 402 have the 
same configuration as the temperature sensor 4. It is sufficient 
that only the temperature sensor 4 externally outputs the 
temperature detection result analog signal Vth sense and the 
reference voltage Vref, but the temperature sensors 401 and 
402 do not need to externally output the temperature detection 
resultanalog signal Vthsense and the reference Voltage Vref. 
0119 While the invention made above by the present 
inventors has been described specifically based on the illus 
trated embodiments, the present invention is not limited 
thereto. It is needless to say that various changes and modi 
fications can be made thereto without departing from the 
spirit and scope of the invention. 
I0120 For example, the temperature sensor 4 is applicable 
besides the LSI of Soc (System-on-a-chip). Further, in FIG.1. 
the number of voltage comparators (53 to 56) is four, but is not 
limited thereto. The number of voltage comparators may be 
three or less, or may be five or more. 

1-11. (canceled) 
12. A method for shifting a temperature detection range of 

a semiconductor chip, comprising: 
detecting a temperature of a semiconductor chip using a 

temperature sensor, 
generating a Voltage signal corresponding to the detected 

chip temperature; 
generating a plurality of reference Voltage signals; 
comparing the plurality of reference Voltage signals with 

the Voltage signal corresponding to the detected chip 
temperature to thereby generate a chip temperature 
detection signal configured with multiple bits; and 

shifting a temperature detection range of the chip by 
adjusting the plurality of reference Voltages based on the 
chip temperature detection signal configured with mul 
tiple bits. 

13. The method of claim 12, wherein the adjusting is such 
that portions of the chip temperature detection range overlap 
each other around the shift of the chip temperature detection 
range. 

14. The method of claim 12, further comprising holding a 
reference Voltage control signal for controlling the plurality 
of reference Voltages in a first register, and holding the chip 
temperature detection signal with multiple bits in a second 
register prior to the adjusting. 

15. The method of claim 14, further comprising outputting 
the reference Voltage control signal and the chip temperature 
detection signal with multiple bits outside of the temperature 
sensor, wherein the outputting is done using a third register. 

16. The method of claim 14, wherein the plurality of ref 
erence Voltages are generated by dividing an input Voltage 
using a plurality of resistors and selecting a resistor con 
cerned in the division of the input Voltage from among the 
plurality of resistors. 

17. The method of claim 16, wherein the selecting is based 
on the chip temperature detection signal with multiple bits 
held in the second register. 

18. The method of claim 17, wherein the selecting is done 
during a predetermined mask period. 
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19. The method of claim 18, further comprising trimming 
an internal circuit of the chip based on the reference voltage 
control signal and the chip temperature detection signal with 
multiple bits. 

20. The method of claim 19, further comprising: 
generating a low-temperature operation signal based on the 

reference Voltage control signal and the chip tempera 
ture detection signal with multiple bits; and 

performing a dummy operation for generating heat in 
accordance with the low-temperature operation signal. 

21. The method of claim 20, further comprising: 
generating an interrupt signal based on the reference Volt 

age control signal and the chip temperature detection 
signal with multiple bits; and 

controlling an operation rate of a semiconductor device 
associated with the chip based on the interrupt signal. 

22. A system for shifting a temperature detecting range of 
a semiconductor chip in a semiconductor device, the system 
comprising: 

a temperature detection circuit for outputting a Voltage 
signal according to a chip temperature detected by a 
temperature sensor; 

a reference Voltage generating circuit for generating a plu 
rality of reference Voltage signals; 

a plurality of Voltage comparators for comparing each ref 
erence Voltage signal obtained by the reference Voltage 
generating circuit with the Voltage signal of the tempera 
ture detection circuit and thereby generating a chip tem 
perature detection signal configured with multiple bits; 
and 

a control circuit for controlling the reference Voltage sig 
nals based on the chip temperature detection signal with 
multiple bits so as to shift a temperature detection range 
of the chip, 

wherein the control circuit controls the reference voltages 
So that portions of the chip temperature detection range 
overlap each other around the shift of the chip tempera 
ture detection range. 

23. The system of claim 22, wherein the control circuit 
comprises: 

a first register for holding a reference Voltage control signal 
for controlling the reference Voltages; and 

a second register for holding the chip temperature detec 
tion signal. 

24. The system of claim 23, wherein the control circuit 
comprises a third register for outputting the reference Voltage 
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control signal and the chip temperature detection signal to the 
outside of the temperature sensor. 

25. The system of claim 24, wherein the reference voltage 
generating circuit comprises: 

a plurality of resistors for dividing an input Voltage; and 
a Switch for selecting a resistor concerned in the division of 

the input Voltage from among the resistors. 
26. The system of claim 25, wherein the control circuit 

comprises a Switch control circuit which increments or dec 
rements a Switch control signal for controlling an operation of 
the switch based on the chip temperature detection signal held 
in the second register. 

27. The system of claim 26, wherein the switch control 
circuit has a mask function for fixing a logic value of the 
signal sent from the second register only during a predeter 
mined mask period, and increments or decrements the Switch 
control signal during the mask period. 

28. The system of claim 27, wherein the module comprises 
a first module which receives the reference voltage control 
signal and the chip temperature detection signal through the 
third register and can trim an internal circuit of the system 
based on the reference Voltage control signal and the chip 
temperature detection signal. 

29. The system of claim 28, 
wherein the control circuit comprises a low-temperature 

operation signal generating circuit for generating a low 
temperature operation signal based on the reference 
Voltage control signal and the chip temperature detec 
tion signal, and 

wherein the module comprises a second module which can 
perform a dummy operation for generating heat, in 
accordance with the low-temperature operation signal. 

30. The system of claim 29, wherein the module comprises 
a CPU which receives the reference voltage control signal and 
the chip temperature detection signal through the third regis 
ter, generates a predetermined interrupt signal based on the 
reference Voltage control signal and the chip temperature 
detection signal, and can perform control for decreasing an 
operation rate in the semiconductor device in accordance with 
the interrupt signal. 

31. The system of claim 30, wherein the temperature sensor 
comprises a reference Voltage adjustment circuit for fine 
adjusting the reference Voltages generated by the reference 
Voltage generating circuit in accordance with a signal pro 
vided from the outside of the temperature sensor. 

k k k k k 


