WO 2011/ 025048PCT/ JP2010/ 064852 - 1 - DESCRI PTI ON SENSOR DEVI CE TECHNI CAL
FI ELD [ 0001] The present invention relates to a sensor device for detecting

a physi caloQuathkdy- BACKGROUND ART [0002] Conventl- QNphdi¥osdshler € has
been known a sensor device with a sensor unit for converting a p%y5|cal

guantity into an electrical quantity. The sensor unit is, for exanple, a
t hernocoupl e. The thernocoupl e nea§§§§$%§ N enperature of an object by
absorbing infrared rays radiated fro e opject. [0003] The

thernFcogple indifatesfatLen?erat$%$8§gﬁ@ﬁgﬁggnunt iP ;helfgrn1of a_ro!tage

signal . For exanple, i e tenpe _ _ amount is egree, it is

'ndlcatfgcﬁRH&RfJﬁBLB'Of a Yoltage signal with a voltage value of 2.3 uN
[0001]

The present invention relates to a sensor device for detecting a physical quantity.

BACKGROUND ART
[0002]

Conventionally, there has been known a sensor device with a sensor unit for converting
a physical quantity into an electrical quantity. The sensor unit is, for example, a thermocouple.
The thermocouple measures the temperature of an object by absorbing infrared rays radiated
from the object.

[0003]

The thermoqouple indicates a temperature change amount in the form of a voltage signal.
For example, if the temperature change amount is 1 degree, it is indicated in the form of a
voltage signal with a voltage value of 2.3 nV.

[0004]

Since a temperature change amount is indicated in the form of a voltage signal with a
small voltage value, this voltage signal needs to be amplified with a high gain in order to
accurately measure the temperature of an object using this voltage signal.

[0005]

Accordingly, a sensor device conventionally includes an amplifier. The amplifier has a
function of receiving a voltage signal from a sensor unit such as a thermocouple and amplifying
this voltage signal. However, an output from the amplifier is likely to be contaminated with an
offset voltage and low-frequency 1/f noise inherent in the amplifier.

[0006]

Chopping technology is widely known as technology for efficiently removing an offset



[ 0004] Since a tenperature change anount is indicated in the form of
a voltage signal with a small voltage value, this voltage signal needs to

be anpl i fW@%W/(fz?M@ high gain in order to accurately negg?lfﬁmtll%ﬂssz

tenperature of an object using this voltage signal. [00
Accordingly, a sensor device conventiomal ly includes an anplifier. The

anplifier has fupction receiving.a voltage signal .froma sensor unit
Sueh as ol anionbEaiean AR PV il SmpEREr Ml e POl By G Porafe
output fromthe anplifier is |ike to be contami nated with an qffset
Vol | age ALV aIiRe APLAfainits Pers g dorith alt wbTRiPRSrSTsn P P ARlsEEP™ o
2011/ 025048PCT/ JP2010/ 064852 - 2 - voltage and |.owfrequency.1/f nojse
niner ool SR 1Y FERDPR e Rolo8y oD PRSP it PR srintees | 8 2ge
and 1/f noise parts mxed during an anplification process by the anplifier
froma B?“(-age signal. The chopping technology is, for exanple, disclosed
In patent literatures 1 and 2 bel ow. [0007] Literature 1 is "Reliable
Hi gh Q.[Qp(imy I nfrared Sensors have Found Their Way Into Autonotive Cinmte
Control" by Roger Diels, Ml exis Product Sheet .
http: // ww. miesdtarechiy AReliable Righ Qyebity nfrared Sensops havrer Bownd Basis J¥ay Into Aut
onotive Climate_ Control 3810. aspx. [0008]
Automotive ~ Climate ~— Control” = by Roger Diels, Melexis - Product Sheet,
http://www.melexis.com/Assets/Reliable_High Quality_Infrared_Sensors_In_Automotive_Clim
ate_Control_3810.aspx.
[0008]
Literature 2 is “A CMOS Chopper Opamp with Integrated Low-Pass Filter” by A.
Bakker and J. H. Huijsing, Proceedings of the 23" European Solid-State Circuits Conference,
1997 ESS CIRC’ 97.
[0009]
The chopping technology is specifically described. Frequencies of offset voltage and
1/f noise parts are converted into a chopping frequency and its odd number multiples, whereas
the frequency of a voltage signal part indicating a temperature change is converted into a
frequency in a low frequency band and even number multiples of Pre chopping frequency. In

this way, the offset voltage and 1/f noise parts having the chopping frequency and its odd number

multiples could be removed by a low-pass filter.

SUMMARY OF THE INVENTION
[0010]

It has the following problems to remove only the offset voltage and 1/f noise parts
having the chopping frequency and its odd number multiples by the low-pass filter and take out
only the voltage signal part indicating the temperature change and lying in the low frequency

band.



Literature 2 is "A CMOS Chopper Opanp with Integrated Low Pass Filter" by
A. Bakker and J. H Huijsing, Proceedings of the 23rd European Solid-State

Circuits \GanhEIRLRE. 1997 ESS G RC 97. [0009] Th?c’iﬂ?ﬂﬁi)/ﬁ&ssz
technol ogy is specifically described. Frequencies of offset voltage and 1/f

noi se parts are converted into a choppt®g frequency and its odd nunber
nultipl@@ wher eas the frequency of a voltage signal part indicating a
t enper & 1H change is converted into a frequency in a | ow frequency band

and even nu r ltiples o re.choppi frequengy. ILn this way, the,.

o fset -vol t agahetrenydliags a8 15anise REGH Afribh SO icalion pltRAcs brheitin &
odd nunber nultiples coul d_be renoved by | ow pass filter. SUMVARY THE
| NVENT] Y& [0 frgquency band. “Fefisecvaltser sl i/é nGISG IBFeSAR 1p SuG %ﬁe@l%ﬁ;{?a‘t e
of fset voltage and 1/f nopise parts having the chopping frequency and its
odd nuriferesp {9 Bpvs thy choppingfreguencys and és oddgnvmRer Bvitindey Pyithe cheppiage
signal part indicating the tenperature change and lying in the | ow

f r equen€GNOINLY. Th@vggq&/@@bngpwwwm tsEwgEpurg chanpe s processed o) Bavss the et

vol tage and 1/f noise m xed during the anplification process are present in
a very freaneneyeigibnloy Bequencyrbandof f set vol tage and 1/f noise present in such
a frequency band are processed to have the chopping frequency and its odd
nunber 9012)i pl es by the chopping technol ogy. The vol tage signal part
indicating the tenperature change is processed to have the frequency in the
| ow fr equencyA bamgass|fil@Et Dhving a low cutoff frequency is necessary to accurately take out only

the voltage signal part indicating the temperature change. The cutoff frequency of the low-pass
filter is expressed by 1/(2nRC) where R denotes a resistance value and C denotes a capacitance.
[0013]

In order to enable the low-pass filter to have a low cutoff frequency, a time constant
expressed by RC needs to be large. Accordingly, either one of the resistance value and the
capacitance needs to be large.

[0014]

Generally, constituent elements for chopping and a low-pass filter are mounted on a
monolithic integrated circuit. However, if, for example, the number of resistors is increased or
a larger capacitor is used to increase the time const'ant 6f the low-pass filter, the circuit size of the
low-pass filter increases. As a result, the circuit size of the sensor device increases.

[0015]

In order to more accurately measure the temperature of an object, a digital cohverter
may be provided to convert a voltage signal component having passed through the low-pass filter
into a digital signal. Since the digital converter is composed of a multitude of constituent
“elements, the circuit size of the sensor device further increases.

[0016]
In order to solve the above problems, an object of the present invention is to provide a

sensor device capable of digital conversion while removing noise components mixed during an



A lowpass filter having a | ow cutoff frequency is necessary to accurately
take out only the voltage signal part indicating the tenperature change.

The cut ofqf y of the lowpass filter is expresse ) where
R denoteg&gnggggggnce val ue and C denotes a capacitancg?QFB%ég%%%Bp In

order to enable the |ow pass filter to-4ave a | ow cutoff frequency, a tine

const ant ressed b needs t.0 be.large. Accordingly, either one of the
r esi staaﬁ'@gﬁ&éﬁ%p@ﬁﬁ&tﬁg’%’gwgﬁaflgﬁ3ecuﬁlélég'§e‘to be | arge. [0014]

GEnerahbé 7constituent el enents for chopping and a |low pass filter are

mount ed°8hla monol i t hi ¢ integrated circuit. However, if, for exanple, the

nunber of reiistors I S Jncreased or capacitor is used.to igaiease
ag8ss

. a.gﬁr%er ]
the tinme cons{nisPegt of tae PIGHEab Jention fsgpre tefld0 @ SERIPF {de KIS, LOTPTISHE 3
filter increases. As a rEsuIt, the circuiit size.of the sensor device,
i ncr eaststectipp fyps sensor unit for copyerting g physical quanfitydnip e Voltagq Yalug #dd QUPHERSR ur e
of an object,. a di%jtal converter nmay be provided tg convert _a voltage
si gnal ‘Yabapesigntl Indigating the yekeee yalusy gichoprer pepligs unit fqrigsperating,a aloalpgflf)m
signal. Since the digital converter is conposed of a_nultitude of .
const i tsignel by choppingthevieltagy signal putput fromsthe prnsepyribyvith @nredeterminedshopping
i ncreases. [0016] In order to solve the above problens, an object of the
pr esentfréquerey; amplifying tepnedulationzsignabinto an Agphtisgrayigrbgher deneddatingghe
anplification process without increasing a circuit size.
amplification signal and outputting it as an output signal; an integration unit including an
operational amplifier for amplifying a voltage difference between a voltage at a non-inverting
input terminal and a voltage at an inverting input terminal, an input resistor connected to the
inverting input terminal of the operational amplifier and a capacitor connected between the
inverting input terminal and an output terminal of the operational amplifier and adapted to
sample the output signal output from the chopper amplifier unit at a predetermined sampling
frequency and integrate the sampled output signal; and a digital conversion unit for converting

the output signal integrated by the integration unit into a digital signal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a diagram showing an exemplary construction of a sensor device according to
one embodiment of the invention,

FIG. 2 is a diagram showing an exemplary construction of a chopper amplifier unit,

FIG. 3 shows graphs showing an exemplary operation of the chopper amplifier unit,

FIG. 4 is a diagram showing an exemplary construction of an integrator,

FIG. 5 is a graph showing exemplary frequency characteristics of the chopper amplifier
unit and the integrator,

FIG. 6 is a diagram showing another exemplary construction of the sensor device

according to the embodiment of the invention,



[ 0017] One aspect of the present invention is directed to a sensor
devi ce, conprising a voltage detection type sensor unit for converting a

physicaj,wﬁgghhhyrgnto a voltage val ue and outputting ar&?bﬁﬁﬁ&méﬁﬁna

i ndi cating the voltage value; a chopper anplifier unit for generating a
nodul ati on signal by chopping the voltaf§e signal output fromthe sensor

unit with a t.erm ned g frequenc anpl i fying the nodul ation
signal into %@%ﬁ?ﬁ‘i“&ﬁ?‘?"‘gﬁ?"ggé‘h a,lmf)ﬂgl?'le WICQP{Iﬁféert?ﬁng anplification
signal and o ting i.t gs _am output signal; an.integration unit including
2n oper at | onata £ Amie Aar DeBierih cindigy pedaioto e FenBlicber ween a
vol tage at a non-inverting input termnal and a voltage at an inverting
input termnal, an input resistor connected to the inverting input term nal
of the rati I | i f1 a capacitor connected between the
invertiﬁ%gFﬁ%hfﬂﬁgFﬁ?ﬁ%@“ﬁﬁ@4§&%§utput term nal of the operationa
anplifier and adapted to sanple the output signal output fromthe chopper
anplifigplghit at a predeterm ned sanpling frequency and integrate the
sanpl ed output signal; and a digital conversion unit for converting the
out put si gnalAissaeyrdevicg asgording tonprg eabpdimenhiof the,presentdinyention isi dpsemibed
BRI EF DESCRI PTI ON OF THE DRAW NGS [0018%{/ FIG 1 is a diagram show ng
an exenptlayvy EKndtip adidgsem showinganssemplagy eenstuetinnaefiihe sersendevigebodilGehts of
the invention, FIG 2 is a diagram show ng an exenplary construction of a
chopper a diggtani shawing pr exqmpary eongtvustign b A sheprsnamglitier unite ngilar 3 shopesrgraphsn
of the chopper anplifier unit, FIG 4 is a diagramshow ng an exenpl ary
const r ushovang ari examplatyeaperation of the chopper@niplificr anyr aBHo. 4hipwidiagram shewiagyan
frequency characteristics of the chopper anplifier unit and the integrator,
FI G 6 i sxemplaragoasttustionphap mtegrdter exenpl ary constructi on of the sensor
devi ce according to the enbodi mrent of the invention, WO
2011/ 02pW028PCT/ JP2010/ 064852 - 5 - FIG 7 is a functional block diagram of
an exenplary controller, and

The sensor device 1 shown in FIG. 1 includes a controller (control unit) 11. The

controller 11 centrally controls respective constituent elements described below. The sensor
device 1 further includes a voltage detection type sensor unit 20, a chopper amplifier unit 10 and
an AD conversion circuit (digital conversion unit) 12. The sensor unit 20 converts a physical
quantity into a voltage value and outputs a voltage signal indicating this voltage value.

[0021]

The chopper amplifier unit 10 includes a first chopper circuit 100, an operational
amplifier 101 and a second chopper circuit 102. The chopper amplifier unit 10 operates, for
example, as shown in FIG. 3.

[0022]

In the chopper amplifier unit 10, the first chopper circuit 100 receives an input of a
voltage signal Vin output from the sensor unit 20 (see FIG. 1). A graph (a) shown in FIG. 3
shows an exemplary frequency characteristic of the sensor unit 20. The sensor unit 20 outputs
the voltage signal Vin indicating a detected temperature change in the form of a voltage signal to
the first chopper circuit 100. Such a voltage signal Vin is a signal having a frequency in a

frequency band lower than a chopping frequency fc in the graph (a). Then, the first chopper



FIG8 is a timng chart showi ng an exenplary operation of the controller.
DESCRI PTI ON OF EMBODI MENTS [ 0019] A sensor device according to one

enbodi e ob1iiP3s4Rr €Sent invention is described bel ow. i i agr am
showi ng gﬁoexg%pﬁgry construction of the sensor device.PEF@?%H?@&§Sﬂiagran1

showi ng an exenpl ary construction of a &€hopper anplifier unit. FIG 3 shows

graphs show a xenpl ary operation of. t C er anplifier unit.. FIG 4
R i e PE rthu TR Eaeg et Virefovd o 16 Rt g S e PP o
The sensor devi ce & hown #n FIG _.1 includes a controller (control unit)
11. ThePeBIAFtGIPIBed ¢RoRPUNE freguedChtnt r ol s respective constituent el enents
descrigﬁggﬁeIOML The sensor device 1 further includes a voltage detection

type s unit 20, a chopper anplifier unit 10 and an AD conversion
circuit (digital conversion uniég 12. The sensor_unit 20 converts

physi cal quarft Btaphi(R) shown, 8 Flged Thamsermapre ity Jfeauanorhampteristig of the first
indicating this voltage value. [0021] The chopper amplifier unit 10
i ncl udedhopperi girquitc HofhpelFhec fiFst .shppRaoCircait HQ(: chepsothsl veliagei figeal Min1withdhe
second chopper circuit 102. The chopper anplifier unit 10 operates, for
exanpl echopging figqrency feppomrecsigmethe voltage sigaak Via quiists Seom thesensor vrit g t A30,
the first chogger circuit 100 receives an input of a voltage signal Vin
out put & result.tthe veltage signahVin Bongdidated-in® voltagesignalsohaving) the sbopping, frrquengy
shows an exenpl ary frequency characteristic of the sensor unit 20. The
sensor fgrand it9 0ddnumpbergnultiples a$ shayen ivithegtaph). i ndi cati ng a det ected
tenperature change in the formof a voltage signal to the first chopper
circuit[0029. Such a voltage signal Vinis a signal having a frequency in a
frequency band | ower than a chopping frequency fc in the graph (a). Then,
the first chdfgyerin thOg@ph () 261aeRE 3 PE GOV @68 Siknals Vin having the frequencies

that are odd number multiples of the chopping frequency fc are smaller than a voltage value of

the voltage signal Vin having the chopping frequency fc, and the voltage value of the voltage

signal Vin decreases as the odd number multiple of the chopping frequency fc increases. This

is for the following reason.

[0025]

A rectangular wave having the chopping frequency fc is used to modulate a signal
having a certain frequency by chopping it with the chopping frequency fc. The rectangular
wave is composed of a fundamental wave having the chopping frequency fc as a basic frequency
and harmonics having frequencies that are predetermined number of times higher than the basic
frequency (chopping frequency fc). A frequency spectrum in which harmonics are present at
frequencies that are odd number times higher than the basic frequency (chopping frequency fc) is
obtained as a frequency spectrum of such a rectangular wave, for example, when the duty ratio
of the rectangular wave is 50 %.

[0026]
In the frequency spectrum of the rectangular wave, it is known that the value of the

harmonic decreases as the frequency thereof increases. Accordingly, in the frequency spectrum

of the rectangular wave, the value of the harmonic decreases as the odd number multiple



- 6 - circuit 100 nodul ates the voltage signal Vin received fromthe sensor
unit 20 by chopping it with the predeterm ned choppi ng frequency fc. [0023]

A graph ( AWBykN FI G 3 shows an exenpl ary frequency ksiic of
the fi rst\p%:)hzggper 4§i rcuit 100. The first chopper circui tl)%?g%ﬁ%ﬁg%‘gﬁ he

vol tage signal Vin with the chopping fregquency fc upon receiving the

vol t age. si gnal. Vi ut.put fromthe sensor unit, 20. As a result, the voltage
si gnal ‘{}f[ﬁg?‘@ f%ﬂ@ﬁ%ﬁﬁgl{]ﬁeﬂ?%lc?&(g?}foggglgg?e@ﬁgﬁ’cg tIFi}slvi ng the chopping frequency
fc and ll,Qbé odd nunmber multiples as shown in the graph (b). [0024]
Here, i Tle graph (b), voltage values of the voltage signals Vin having
t he frequenci that are odd er multiples. of the choppi frequency .fc
are smal | er t‘&gﬁ“ 21“’\/81) 38§es! rfﬂﬁolls ?’H‘é“letgfit‘ﬁﬁ’@ §‘i°8n%1|f“\'z$’%“[%gww& lah“"égﬁ/a1
choppi ng frequency fc, and the voltage val ue of the voltage signal Vin
decr easEYIngsSicha wawfﬂmﬁgw%& i lﬁltbéf YPeRRROS R BISi fr‘i(j‘aflglééfu\éfﬁ%f‘yg? the Voltage
increases. This is for the foll ow ng reason. £0025] . A rectangul ar
wave haligniy YiRds abbaingda g A  deitie pomponents, of dhg shopping Sicguencyi fgrand Hawddg a
certain frequency by chopping it with the chodopi ng fr eciuer_lcy fc. The
r ect angitinzher fanléplpssindbigsinabiare pbtrined sg aadylated vodtpge pigtalhdin-he choppi ng
frequency fc as a basic frequency and harnoni cs having frequencies that are
predet el0R2®led number of times higher than the basic frequency (chopping
frequency fc). A frequency spectrumin which harnonics are present at
frequenci es tAecordingyoilid veltagrevalueselsthnivghiage sigaals (Vie hpwing ¢he frequeanisy that
(chopping frequency fc) is obtained as a frequency spectrum of such a
r ect ancart &dd wambger fimes bighapthan tivhehopping frequgneyafd are sfatlercthae theavnltagavalnay e
is 50 % [0026] In the frequency spectrum of the rectangul ar wave, it
i s knovef thbaoltdgesignal Vin dvingthe vhopping €reqeancy ds,emdadbe voleagk valpearidle volaageof
i ncreases. Accordingly, in the frequency spectrum of the rectangul ar wave,
t he val dignab Vi derrdmaesnasrthe odibnurebarasultipletaf ¢heochd ppingiiequendytfc ploeeaseD
2011/ 025048PCT/ JP2010/ 064852

[0029]

Thé operational amplifier 101 amplifies the voltage values of the modulated voltage
signals Vin having the chopping frequency fc and its odd number multiples. In this
amplification process, the voltage signals Vin are contaminated with an offset voltage and 1/f
noise (hereinafter, referred to as noise components) inherent in the operational amplifier 101.
Such noise components are generally located in a frequency band lower than the chopping
frequency fc.

[0030]

A graph (c) shown in FIG 3 shows an exemplary frequency characteristic of the
operational amplifier 101. The operational amplifier 101 amplifies the voltage signals Vin with
a predetermined amplification factor when receiving the voltage signals Vin modulated to have
the chopping frequency fc and its odd number muitiples in the first chopper circuit 100. As a
result, the voltage signals Vin modulated to have the chopping frequency fc and its odd number
multiples are amplified. As shown in the graph (c), the voltage signals Vin are contaminated
with noise components in the frequency band lower than the chopping frequency fc.

[0031]



- 7 - increases fromthe basic frequency (chopping frequency fc). [0027]
When the voltage signal Vin is nodul ated using such a rectangul ar wave, a

signal haypng;sHsfsd Waveform obtained as if by superinpgzhpgn/aﬁ&n
rectangul ar wave on the voltage signal Vin is obtained. a result,

conponents of the chopping frequency fc8and its odd nunber nmultiples in
this signal e obtained as nodul d, vol e signals Vin. 28 .
Accor di ngly, a]f e SSEEPY PRy &é?lto?b?h%ewptﬂt“fag eagi%]'ﬁ%lfs[s“%ﬁ"ﬂ %g&enép?rﬁgonal
frequenci es. t are odd nunmber tines hjgher than hoppi freguency fc
o 6 nearmiditier 0% 4pf @uffus B8 29 suleTSienth 805 (agarh (6% g, b 3V
choppi ng frequency fc, and the vpltage val ue of .the valtgge ,signal, Vin

decr oacemalaty RsaBeisy [FhABEierintg 04 (e SCoand OPRFSIIHABr o AJSHAY AR the graph

i ncreases. [0029] . .JThe gperational anplifier, 101 anplifies the voltage
val ues @ tf‘ﬁéfoﬁﬁﬁfuﬁléﬁaéa‘"b&“f’ﬁg%‘{ by gbfapger@ﬁ%akamphae& fof %%t%%vprtgaa@ﬁey
fc and its odd nunber multiples. In this anplification Process, the vol tage
si gnal sfregugney; @ theong at the: wae Wf oxteyh frony thersensor iy by the dempdulation by the
(hereinafter, referred to as noi se conponents) inherent in the operational
anpl i fiseeondochopmirirciipilde conponents are generally located in a frequency
band | ower than the chopping frequency fc. [0030] A graph (c) shown
in FIG[O03Hows an exenpl ary frequency characteristic of the operational
anplifier 101. The operational anplifier 101 anplifies the voltage signals
Vin with a prQaéeesthémipadathsl ioiseccomponentsdn dre lamefrequeney Pamdymixed dusingahe
signals Vin nodul ated to have the chopping frequency fc and its odd nunber
mul t i plassplificatibm pfacesstbycthe pperational aniplifit0 001 seme to davd the chppping fitcgugncy fc
signals Vin nodul ated to have the chopping frequency fc and its odd nunber
mul ti plad isroddanpibef inattipleddysthedemodulation by thp kedonyl choprer viodutit¥2. si gnal s Vin
are contam nated with noi se conponents in the frequency band | ower than the
choppi N§033]equency fc. [0031] WO 2011/ 025048PCT/ JP2010/ 064852

Next, the AD conversion circuit 12 is described. The AD conversion circuit 12 is
composed of a so-called double integration type A/D converter. The AD conversion circuit 12
includes an integrator (integration unit) 13, a comparator 15, a CR oscillation circuit (oscillation
unit) 16 and a counter 17.

[0034]

As shown in FIGS. 1 and 4, the integrator 13 includes an operational amplifiér 14, an '
input resistor 14 and a capacitor C1. The input resistor R1 is connected to an inverting input
terminal 14A of the operational amplifier 14. The capacitor C1 is connected between the
inverting input terminal 14A and an output terminal 14B of the operational amplifier 14. In the
operational amplifier 14, a non-inverting input terminal 14C is grounded.

[0035]

A switch SW1 is provided at the other end of the input resistor R1. The other end of
the resistor R1 is switchingly connected with either one of terminals “a” and “b” by the switch
SW1. The terminal “a” is connected to the chopper amplifier unit 10. A reference voltage

Vref is applied to the terminal “b”. The switch SW1 is controlled by the controller 11.

[0036]



- 8 - The second chopper circuit 102 denodul ates an out put signal of
the operational anplifier 101 and outputs it as an output signal Vout. A

graph (d) kN<Fl G 3 shows an exenplary frequency gty ¢ oOf
t he seconvgégﬁ%%ﬁgdrlsci rcuit 102. As shown in the graph (%??;Jtﬁﬁ}é%%‘?%iage

signal Vii anplified by the operationat9anplifier 101 cones to have the
sane frequency as the one at the ti f t.put fr he n nit..20 by
t he denodul at“?(‘br\ntﬁ%'ail% PLEEES %%olﬁpe§F§%ﬁ %d{)f’uﬁlﬁﬁgrgﬁ?&ﬂﬁ%ﬁ of aﬂd)lmthh@’e
ot her hanfi noi s onponents .in the. law frequency bapnd, m x dXd ring.the
ool 1 11 DHP, Gncded HTRE distrindl anaimeaiser FR ! 1hs O3 e yod i
choppi ng frequency fc d its_add nuober nmul tiples by the . dempdul gti.gn. by
Lhe SecBom tRnEpRFr appldiar unide s f‘@&%@? A {his i e c hetoic & aresd gyl ne
circui't 12 is descyibed. The AD conyersjon circuit 12 is conposed of a
so- cal | ¥PHoENY Matlegr The dRteEtping l\% B tﬂ;:*‘F. St“ftﬁegoADa cBs F@‘B?fi)cﬂefleﬁi t
12 includes an integrator (integration unit) 13, a conparator 15, a
osci | | dtetsinatier, defierred 4@ as pIsampUhg gaTied)- 1a"haﬁernah%a?ﬁ<girb 18137?“{(190@%111% which As
shown in FIGS. 1 and 4, the integrator 13 includes an operational anplifier
14, an thaswitch SWEtis conngciedgwith égf‘péf‘éwl&l af,, anfinean; glpe, be @lpd asampling dime.
connected to an inverting input term nal 14A of the operational anplifier
14. TheSisegthei quiput cignak Veus rmdrut depop gheehwpperamplifies uaitnl@ is dpprt to dreinyerting 4 A
and an output termnal 14B of the operational anplifier 14. In the
oper at i ioput temmiphli ¥42eduring thg spopling pesiad, agoltagrief anceuipyiaignpl fomsthg infagratos.
[ 0035] A switch SW is provided at the other end of the input
resi st o3 fkcteaséBhe ot her end of the resistor RL is switchingly connected
with either one of termnals "a" and "b" by the switch SWL.. The term nal
"a" is [®Bhected to the chopper anplifier unit 10. A reference voltage Vref
Is applied to the termnal "b". The switch SW is controlled by the
control | er 11Updn0iha 6dpst\Of Aexlshhi}iting48HT AfE2M0E Chaghzoer the capacitor C1 is started,
the controller 11 causes the switch SW1 to be connected with the terminal “b” and the counter 17
to start counting clock pulses CLK1. In this way, the reference voltage Vref (voltage having a
polarity opposite to that of the output signal Vout) is applied to the other end of the inpuf resistor
R1. Since this causes the capacitor C1 to start discharging, the output voltage of the integrator
13 increases. When the output voltage of the integrator 13 reaches a certain voltage (e.g.
reference voltage Vref), the controller 11 causes the switch SW1 to be located at a position where
it is connected with neither of the terminals “a” and “b” and stops counting of the clock pulses
CLK1 by the counter 17. In this way, the integration process by the integrator 13 is completed.
[0038]

The operational amplifier 14 of the integrator 13 has a property of decreasing an
amplification factor as the frequency of an input signal increases when the frequency of this
signal exceeds a predetermined frequency. Thus, the integrator 13 can have a function of
decreasing the amplification factor as the frequency increases when the frequency of the output
signal Vout input to the integrator 13 exceeds a predetermined frequency (e.g. frequency that is

1.5 times higher than a sampling frequency). Accordingly, the passage of the input signal is

possible if the frequency thereof is below the predetermined frequency, whereas the passage of



- 9 - An integration process in the integrator 13 is outlined bel ow.
First of all, with the swtch SW connected with the termnal "a", the

i nt egratvi‘\gazgfll(;zgﬁsout put signal Vout output fromthe CEQQE@E 1BRkiS i er
unit 10 is started. At this tinme, the capacitor O is c argedowlth t he
out put signal Vout. The integrator 13-mairntains this state for a

predeterm ned perio her ei naf t eferred.to as sanpl.i n eri od The
sanpl i rfée pl8Pito dignal ge ‘?Sotﬁnodﬁr‘flﬁ& A Hi‘? h%e@{ﬂ“f%ﬁhgﬁﬁnpilgcrg%ﬁ Eri 8%1‘1 Wit h
the termnal "a", and can_al 50 be called a sanpl.ing. tinme. Since_the output
si gnal PIERRLCTBIRGS fTeqUERGH ¢ ﬁ‘é"é‘ﬁb}.’{ﬁ ; 'élﬁ'b‘FthriaB’r’qBﬁ\"E 1Pgs pg2 }O%B?Sstf%tef'he :

i nverti na i nput term nal 14A during the sanpling period, a voltage of an
out put [@ %ﬁ']al fromthe integrator 13 decreases. [0037] Upon the | apse
of the sarrpling Eeriod after the charging of the cagacit‘gq)d CL is starfed,
the control | SVhathercerras she putputgignal tromy thegintrgratomhb pisegached the predetermingd
"b" and the counter 17 to start counting clock pulses CLK1. In this Wa){

t he refwltege (-8 atferayee vp@ge(vr@ﬂtla@éigqa\vﬁhgma thp PFUIRPATGIO oo s TRECABPATHEE 1o
the output signal Vout) is applied.-to the other end of the input resistor R
1. Si ncwntpares thaveltagetviabiecffhe putpnt signal fros thetingeteraldyndghe refereaes ynltage
voltage of the integrator 13 increases. Wen the output voltage of the

i nt egr a¥mwf. 1Ther canttodler 41 geoniterhwhothemge nptethg. outpyteradigge of the Bdreratped$ haghe
controller 11 causes the switch SW. to be |ocated at a position where it is
connectreached tthe peideteemined voltegea € grimaferenct yoltaged Vidf). aWhews thepeutpeiuvnliage obf
the cl ock pul ses CLKL by the counter 17. In this way, the integration

pr oc es sthbynttgrator 18 agachtothefedeseronmyl wiltage, the@a&foller 11 terfiipatepthedniegratipn
anplifier 14 of the integrator 13 has a property of decreasing an

anpl i f i pratdsoby timcintegrassr 13he frequency of an input signal increases when the
frequency of this signal exceeds a predeterm ned frequency. Thus, the

i ntegrao40]L3 can have a function of decreasing the anplification factor as
t he frequency increases when the frequency of the output signal Vout input
to the integrededdoudr @7 ¢OEES apupeadaiber of thedldakasles GLK eumil the eutpensignadl hat
is 1.5 times higher than a sanpling frequency). Accordingly, the passage of

the i NPoths | htot $3 RASKdsRhEprclietbinginéd eoltips ¢ieférbieadltags VIRE) aftkr thecapacitor
predet ermi ned Trequency, whereas the passage of -WOD

2011/ 02694 8Red/ dié?:ﬂgr%ﬂfgo 6488 Julseltimber RBuNtA Wy the BoahteP T QSRS Ffﬁ'pbﬁi(ﬂli fof theul t

as the frequency thereof increases beyond the predeterm ned trequency. In

ot her wofifdse vhle dfNhEYORALY sidmhl ikt ith QRS iMegratok A8+ P&S thié iwlalethe ulR3Amber
Whet her or "not the output signal fromthe integrator 13 has reached the

pr edet eédﬁinﬂ:ﬁq)y\ﬁﬁt EadRer(18-i0 out'bﬁi‘ z%raedigﬁal\éiéﬂaﬁﬂﬁic\effﬁ% ) tdnSpdrat@efanidd tolaZdiRkgitt he
conparator 15" The conparator 15 conpares the voltage value of the output

signal fr GedtRtogrator 13 and the reference voltage Vref. The
control{ea%mféf}a‘rr%ni ta%rs whet her or not the output voltage of the integrator

13 has (ggggfed the predeterm ned voltage (e.g. reference voltage Vref).
When t he out put voltage of the integrator 13 reaches the predeterm ned

vol t age, thezﬁg t(g%l Ut tHid enBb AL £8 dhhigivkgt egration process by the
integrator 13. F‘Oer 6
[0042]

The operational amplifier has a property of decreasing an amplification factor as the
frequency of an input signal increases when the frequency of this signal exceeds a predetermined
frequency. Accordingly, the integrator 13 can have a function of decreasing the amplification
factor as the frequency of the received output signal increases when the frequency of this signal
exceeds the predetermined frequency. Thus, the integrator 13 allows the input signal to pass if

the frequency of this signal is below the predetermined frequency while making the passage of

the input signal more difficult as the frequency of this signal increases beyond the predetermined



The counter 17 counts a pul se nunber of the clock pul ses CLKL until the
out put signal of the integrator 13 reaches the predeterm ned voltage

(referenggovuplidsfsVref) after the capacitor d startedngﬁgﬂﬁﬁ@@@gz The

pul se nunber counted by the counter 17 is in proportion to the voltage

val ue of the voltage signal input to the-integrator 13. In this way, the
pul se nunber counted by the counter 17 is output as a digital signal

i ndi catifS9YeneYt enperature change to a circuit at a subsequent stage. [0041]
Main effects of this enbodi nent are described. [0042] The
oper at il8843] anplifier has a property of decreasing an anplification factor

as the frequency of _an input signal increases when the frequency of, thi
si gnal exceedine the dHesralonlA periprayihe Ethoﬂé)i 6??1]%’?1"@?%?? f’f"ﬁéﬂl ﬁ'ﬂse ARG nfg
can have a function of decreasing the anplification factor as the frequency
of the Tesessanydd SeRArHely PIPYARP IowPasHdlia. WRethermn W&Eﬂ? &alg bysthe Hicsrapy ey
exceeds the predeterm ned frequency. Thus, the integrator 13 aILow? he

i nput sis creaverted pue s digitahesignak fticihe yABF cenyesian et i12. péisofFscried above,
predeterm ned frequency while naking the passage of the input signal nore
di f fi cuiccordingt teethiy emphedimenbfdigital scogversign is rossbisely FEYHBAL thRise components
predeterm ned -WO 2011/025048PCT/JP2010/064852 frequency. [0043]

Si nce tmixei dung an amplification porasss witkout ingeedsing the cir¢yat siznpfithe sensen deyjceiln
this way, it is not necessary to separately provide a | owpass filter.

Furt her[0044] i ntegral value by the integrator 13 is converted into a.digital
signal by the AD conversion circuit 12. As descri bed above, according to

t hi s enbodi nefte, CRliogéitlationcaironitris is an ioscifates inslusling/a capaoitomapdreofesistor.  This
conponents m xed during an anplification process wthout increasing the

ci r cui tRGiozéillafior diecuiteltsgenerieasi the clbck pOBEXTLK1 used ThepeCRe discéhiopper amplifier
circuit 16 is an oscillator including a capacitor and a resistor. This RC
osci | | afdiono @ahd ekd intddatgendr af&houghethe| CR lospillatiars cittiifl 16 e gravidedpiorthe AR he
chopper anplifier unit 10 and the integrator 13. Although the CR

osci | | atdnQersfonl ditéutt 126niFAGPI,0Y nfhhei provided Adeperdeatls od thecA Possinyeriidni airchit G,
1, it may be provided independently of the AD conversion circuit 12. [0045]

12.
[0045]

The counter 17 counts the number of the clock pulses CLK1 output from the CR
oscillation circuit 16 during a predetermined period. The predetermined period is a period until
the voltage of the output signal of the integrator 13 reaches the reference voltage Vref after the
discharging of the capacitor C1 is started by the control of the controller 11. The count value is
output as a digital signal to the circuit at the subsequent stage. In this way, a digital signal
having a value corresponding to a charged electricity amount of the capacitor C1 is output.
Here, the capacitor and the resistor of the CR oscillation circuit 16 have the same temperature
characteristics as the input resistor R1 and the capacitor C1 of the integrator 13. The capacitor
and the resistor of the CR oscillation circuit 16 have the same electrical characteristics as the
input resistor R1 and the capacitor C1 of the integrator 13.

[0046]
Since the AD conversion circuit 12 is constructed as described above, the voltage signal

output from the chopper amplifier unit 10 is integrated in the integrator 13 and a digital signal



The counter 17 counts the nunber of the clock pulses CLK1 output fromthe
CR oscillation circuit 16 during a predeterm ned period. The predeterm ned

period i syd BENd9@sUnti| the voltage of the output si gnibT%m%ll%ﬁ%&t egr at or

13 reaches the ref erence voltage Vref after the discharging o

capacitor O is started by the control-18f the controller 11. The count

val ue |s outaoutl as _a di to, the ci rtcwt at the subsequent stage.
\éa tp

In this W ‘éﬁ%ﬂr{eé?mgj:l gltﬁ?‘law%ﬂ"é’h{%f ge'P Orrespondl ng to a charged

el ectrls[lﬁg%,zj anount of the capacitor O is output. Here, the capacitor and
the re r of the CR oscillation circuit 16 have the sane terrperature

characteristics .as the resi st or the c aCJ t.or t.h
integrator 13 ﬁ}}ﬁ’e"nc‘&p%llg{] 9&“@&?&3‘{‘ }CRi‘l ye C%?H“ ‘@ﬁﬂb?@l‘?q“ﬁ{‘ﬁ ‘BFF“E:tl ui t
16 have_t he sang el ectri cal acterl as t t re t or

Lhe oaoTha e O R e A P ST o & (PR GOREIIAE ot Iﬁsﬁﬁcg

circuit 12 is constructed as_descri bed above, the vol t age, si gnal

2011/ 0P3Mses SeHIL L potpubitomaths £R ogeillatign.gircyy 16 ars ftrguensyr gl&sﬁmtﬂglqcés Rulsss
integral value is output. [0047] As shown in FIG 4, the_sensor device
1 i ncl L@w&ymﬁwmﬂéww ciEeHEt shawem K1IG 4.  Fhe pplse sddth adjustrent scwitnt
circuit 24 is provided, for exanple, in the controller 11. The cl ock pul ses
CLK1 owdoperfarmsm predeiermized inroeessing (eotr $oMm) BEOR receiving teenelpckiipylsee £LER o

cl ock pul ses CLK2 by a frequency division circuit 25 shown in FIG 1. The
pul se vihereby adjusingranfrequencyiof anegtingotheesveitobr SWek ef thenémegrntor ddswith thaot
shown) upon receiving the clock pul ses CLK2, thereby adjusting a frequency
of conrteminalg“a’he Isvthisciagvthe opulsehavidtht a;tjusimont ¢idcuif 2# tunetiansrasi medampling | n
this way, the pulse width adjustnent circuit 24 functions as a sanpling

f r equenfrsquanigyusljester, i.c. adjuatjthsfrequeney 6f agmecting thé sescnBWi wigh thweemumlé‘}a”,SV\L

with the terminal "a", thereby having a function of adjusting a sanpling

f r equenbgrebydiagimigi adueactioneofuadjostingf a tshmpling dopgatmy ihdidating anfrequenby ofuhput

signal Vout fromthe chopper anmplifier unit 10. [0048] In this way,

t he sanipteigragorf I3aquample thé owpiicdigriah ¥outrfray tist chopp& aneplifice anit A@. out put si gnal
Vout fromthe chopper anplifier unit 10 can be adjusted by the pulse width
adj ust n@o48jci rcuit 24. Thus, the sensor device 1 according to this

enbodi nent has the foll ow ng advant ages. [0049]

In this way, the sampling frequency at which the integrator 13 samples the output signal
Vout from the chopper amplifier unit 10 can be adjusted by the pulse width adjustment circuit 24.
Thus, the sensor device 1 according to this embodiment has the following advantages.

[0049]

As described above, in the integrator 13, the amplification factor decreases as the
frequency of the received output signal Vout increases when the frequency of this signal exceeds
the predetermined frequency. The frequency at or above which the amplification factor
decreases is determined by the magnitude of the sampling frequency (see FIG. 5). A horizontal
axis represents the frequency of the output signal Vout input to the integrator 13 and a vertical
axis represents the voltage of the output signal output from the integrator 13. In FIG. 5, the
predetermined frequency at or above which the amplification factor decreases is a frequency that
is 1.5 times higher than the sampling frequency fs.

[0050]

As a result, the integrator 13 functions as a low-pass filter which makes the passage of



As descri bed above, in the integrator 13, the anplification factor
decreases as the frequency of the received output signal Vout increases
when the [ hegHeRsYsCf this signal exceeds the predeter mppedpldifasigsey. The
frequency at or above which the anplification factor decreases iIs

determ ned by the magnitude of the sanpldi-ng frequency (see FIG5). A

hori zontal axis.re sents the f.requen of the.o uf, _si gnal Vo i nput to
the i nt%‘ﬁ roélfpdltl Sﬂ%'ag&gmamglétr {OI tglglmtggriagorrc%prrn geea?fsw‘#ﬁgs %/h(g’ I %ﬁlgn%‘ Oﬁ%lee %u?uﬁut
si gnal aqut romthe integrator 13. In FIG 5 e.predet.erm ned fregquency
R s T R S A e R
1.5 tinmgs higher than the.sa i frequency fs. [0050] . WO .
2071/ 02 BOHEPIT PP biLG GRerdRaErRior 3. o ke e PiSFRRaTL DBiSt CPRBRRCTS haine
integrator 13 nore difficult as _the frequenc t he out put, signal Vout

| o SacBelusBS e dxcectine Wit S R et DB,y O HESHEE ral e crarthline
sanpling frequengy. fs. Thus, the integrator 13 can ke the passage of

noi se cgfﬂ}{?ﬁ%\)M%m ichltigthe P@@H’é\‘& fdhesamplimg freapereyds is datemineyuency

determ ned by the magni tude of the sanpling frequency fs difficult if the
magni t ud95bk "t he sanpling frequency fs is deternined. [0051] In the
sensor device 1 according to this enbodi nent, the sanpli n% frequency fs_ at
whi ch t he i ntlaghasesordevicsdpiceardingdo this smbedimnt. she sap]ing|troguencyifs aéﬂf‘l‘}ht ed
by the pulse width adjustnment circuit 24. Thus, out of noise conponents in
a cert atha integrpiendy sampdes thel rrgeiyed routpus BgaabuYous | ig rashiustesi by i the Lrulseo width
integrator 13, those that should be nade difficult to pass the integrator
13 can dhusmpniscisgit 2 ushugaut of noise sempongshana sertain freqeencyiband iecudedcip
band m xed in the output signal trying to pass the integrator 13, those
havi ng theoytpunsigaal ¥out arplit g thehimtegeatoral 3y these dhassbould dreemadendiffiduit totpass the
magni t ude of the sanpling frequency fs are renobved. As a result, a ratio of
noi se cimggoateni3 dao tehadjestghal Tlpms eitngf hbise icompgnertsin k3catuin freqecicyshand.

[ 0052] The pul se width adjustnment circuit 24 includes a timng
gener at mineddn rtheidpbtpikOsigmad teying o pays aldy intdgnatnt 13, thosel haviig frdquentiesrexggeding
generation circuit 19 generates a reference signal SGL by

f r equenthg-ditaindreigebidiedatmakedp by siesmepiithdelifahe egmplyng frequemny ¥s dieviethoned.t he
cl ock pul ses CLK1l output froma clock source (CR oscillation circuit 16 in
thi s enhedirésan J ratiblog nbiseico@pethintssth MBedigedl pagssirig the imelgratet $3 thebdadjadtédan of
the sanpling period indicated by a pulse wwdth of the reference signal SGL
by adj ugiospp this pulse width. The reference signal SGL is a reference
signal having a pulse width indicating a sanpling reference period used as
a basis when THepals¢ ailNadpisthb@t SRR| 24 ehddRtel Adtil$ngagénesdtiA. cif58] and a
The timng adjustnent circuit 18 al so extends the sanpling period by

i ncr eas{ifthg dWpusBHERRiNMLA 1B, 0Thd iRideiALRNGE cREANY gSHetatedWrciiendeaisnal HE1
sanpling period by reducing the pul'se width. In thrs way, the pulse wdth
adj ust "pPreqihdneiidividihgafé URER pultes 1KY bBtGinkd BYURREYndySdividing the clock pulses
CLK1 output from a clock source (CR oscillation circuit 16 in this embodiment). The timing
adjustment circuit 18 adjusts the duration of the sampling period indicated by a pulse width of
the reference signal SG1 by adjusting this pulse width. The reference signal SG1 is a reference
signal having a pulse width indicating a sampling reference period used as a basis when the
duration of the sampling period is adjusted.
[0053]
The timing adjustment circuit 18 also extends the sampling period by increasing the

pulse width of the reference signal SG1 and shortens the sampling period by reducing the pulse

width. In this way, the pulse width adjustment circuit 24 adjusts the sampling frequency fs



WO 2011/ 025048PCT/ JP2010/ 064852 - 14 - expressed by an inverse of the
sanpling period by adjusting the sanpling period. [0054] In the
sensor deypee12§a8st ructed as descri bed above, the choppirygy6és8s2
expressed by an inverse of the chopping frequency and the sanpling cycle
expressed by an inverse of the sanplingl4requency fs are synchroni zed.

[ 0055] >Pr?sse %Qn GRERRIoPthelshf gyggﬁﬁrbéncﬁlgr édequa tﬁ@éa%ﬁglﬁygﬁoéanpl I ng

frequenc ere n1s a nat to or ter than 1). A
relatloBﬁﬁ E of these chopping frequency fc and sanpling frequency fs is
realize for exanple by the adj ustment of the sanpling frequency fs by

the pul se wi dfn'lh@?é H&{? 5&sWuIcr,re§%s dlg%s@%%g%éh‘aﬂmg%@ %xéf%gs%l‘i‘b‘ire

as high as the sanp requency

choppi ng freque and the s npll fre enc fs have. s

ol ati ofb i hethe oﬁ%%%wfla%nc Fasd e SRR S S h i Tryemss of the
FIG5 is a h sho | .ar frequency characteristics of the chopper
anplifi %armﬂlﬂ'igtaf eﬂﬂelé‘?ﬁ’gsf‘%esyflﬁqr}gwg 'or 13. In FIG5, a hatched area is a

sensor gft at frequencies in a range of 0 to fn, and this sensor out put
Is an o to be reflected as a digital output.

The chopping frequency fc is an n-fold of the sampling frequency fs (where n is a
natural number equal to or greater than 1). A relationship of these chopping frequency fc and
sampling frequency fs is realized, for example, by the adjustment of the sampling frequency fs
by the pulse width adjustment circuit 24. The chopping frequency fc is twice as high as the
sampling frequency fs in FIG 5.

[0056]

Since the chopping frequency fc and the sampling frequency fs have such a relationship,
the following functions and effects are achieved.
[0057]

FIG. 5 is a graph showing exemplary frequency characteristics of the chopper amplifier
unit 10 and the integrator 13. In FIG. 5, a hatched area is a sensor output at frequencies in a
range of 0 to fn, and this sensor output is an output to be reflected as a digital output.

[0058]

In FIG. 5, noise components present in a low frequency band are those caused to have
the chopping frequency fc and its odd number multiples by the chopper amplifier unit 10.

[0059] |

A frequency response of the integrator 13 is such that the voltage value of the signal
output from the integrator 13 decreases from a predetermined voltage value Vint to O when the
frequency of the output signal input to the integrator 13 increases from O to the sampling
frequency fs. Thereafter, every time the frequency of the output signal input to the integrator

13 becomes two or greater natural number times as high as the sampling frequency fs, the



[ 0058] In FIG 5, noise conponents present in a | ow frequency band
are those caused to have the chopping frequency fc and its odd nunber
nultiplegwbﬁoﬁmﬁﬂﬁgopper anplifier unit 10. [0059] PC ﬁP&ﬁ@&HﬁﬁFy
response of the integrator 13 is such that the voltage vaFue of the signal
output fromthe integrator 13 decreasesl5from a predeterm ned vol tage val ue
Vint to f 0 i | t I r
13" neresebE TRt 47 b SEANUA frdmi i hBoR) IBRork AR B ERchdl pGlE
the fre 2C f the,ouf. [ i qput .to.the jn [ I ,13 becones two
or gr ea&ggﬂ?\%tau PAT o tljs(rgr’b&elgclllésle?ﬁe%p g’é““{#ﬁqgﬁn éhse z}bﬁggg%ﬁ%ﬁqgﬁ%{ Y %‘quency fs, the
WO 201%@8&@?48PCT/JP2010/064852 - 15 - voltage value of the signal output
fromth egrator 13 becones 0. The frequency response descri bed above is

al so discl os f.or exanple, in e ahove ent Literature 2. [.0060

The fr equenc?fﬂi"’egﬁg‘?ﬁ‘&y%w%ei?ﬁ Blfr Eﬁfﬁratfga]i s 1S, odue ?%atbﬁeC%éWﬁ'efg‘étt‘% sthec
of the operational .. lLifier 14, such that .the anplificati fact or. becones
7110 oA ArRBET dd s Tt Fcampliaion RGP HEURES 1 Bh crretme Gher
when the frequency. of this signal exceeds the predeterm ned freguency

(f r equeleapeppiaet the inputSignaLbecHPEHER times lahﬁawggfh@ﬁfwgum &hig §1%P§‘)9XC‘F‘?4S FI G
5, this_ is shown_ by "-20 dB/ decade". [0061] . According. to the sensor
devi ce the @fedpmln@ﬁﬁﬁapwm(,freﬂmcz tha i ho times (highe thap{he mérmgrf&qe%%fs}ar e
synchroni zed_and t he chogpina frequency is an n-fold of the sanpling

f r equen@FIGahdhisiihshewndyy™-da dBfdecadelinber equal to or greater than 1) as
descri bed above. Thus, the chopping frequency fc and its odd nunber

mul ti pl[#96kbi ncide with the sanpling frequency fs and its multiples at

whi ch the voltage val ue of the output signal output fromthe integrator 13
becones O. According to the sensor device 1 of this embodiment, the chopping cycle and the

sampling cycle are synchronized and the chopping frequency is an n-fold of the sampling
frequency (wherein n is a natural number equal to or greater than 1) as described above. Thus,
the chopping frequency fc and its odd number multiples coincide with the sampling frequency fs
and its multiples at which the voltage value of the output signal output from the integrator 13
becomes O.

[0062]

Thus, even if the voltage signal having the chopping frequency fc or its odd number
multiple is input to the integrator 13, the voltage value of the output signal output from the
integrator 13 becomes 0. Thus, noise components mixed in a voltage signal having the
chopping frequency fc or its odd number multiple are not reflected on the output signal from the
integrator 13.  As a result, noise components mixed in the voltage signal from the sensor unit 20
can be accurately removed.

[0063]

Here, one of features of this embodiment is described anew. The integrator 13
includes the switch SW1, thereby having a function as a sampling filter. The sampling filter
can adjust a cutoff frequency according to a sampling frequency. In this embodiment, noise

components having high frequencies and included in an output signal output from the chopper



[ 0062] Thus, even if the voltage signal having the chopping
frequency fc or its odd nunber nmultiple is input to the integrator 13, the
vol t age “gbug@Ahsde output signal output fromthe integbﬁhpfl&&ﬂggpones 0.
Thus, noi se conponents mxed in a voltage signal having the é%opping
frequency fc or its odd number multipl-€el6are not reflected on the output
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adj usting the mpling frequency, i.e. sa i cycle of the.integrator 13.
i ¢ her IGgFALoh T2 SeBrB et Coong s ApeciRitnl f e HERGHE 13 1 gurclgh ey fhe
digital, signa] is generated utilizing electric charges charged.in the
capaci t gpsecf thy Sat"fﬂgmgrﬂeé‘ﬁ&-at Lhe abgvg gperagon ﬁé"B‘r‘%’é“é{%ﬂi‘F reRfrdiehdli ng peri od.
In other words, an output signal integrated by the integrator 13 is
generat5@6ﬁb causing the capacitor G of the integrator 13 to di scharge
after the lapse of the sanpling period. The above operation_is controlled
by the cont r ofheggontroller Jgig spmmarized astigllowsnt FISH 7d$ a functignal higekrdiggramof an
follows. FIG7 is a functional block diagramof an exanple of the.

cont r ol ¢xamplel of thegongolleyy H. t Fiong) ich iming Kbant plpvelng R expinplagy opraatian ofthef
the controller 11. The controller 11 has a function as an integration

cont r ol cantriotletahtl | Hiel eatweollar pliihge avfudetipnaay e integration cenfral unit angd inchides 8t or
control signal generation circuit 31 and a chopping signal generation

ci r cui t pBs: widbpadjjistment circuiti?d, ptrasdstoy ehnitrohsignaltgeneration eipaitt3122ndiachioppiag a
timng generation circuit 19 and a timng adjustnent circuit 18. The timng
gener at sigmal gemeazatian d@ugdder at es a reference signal SGL by
frequency-dividing clock pul ses CLK2 output fromthe circuit division

ci rcui t[0®65khown in FIG 1. The timng adjustment circuit 18 adjusts the
duration of a sanpling period indicated by a pulse width of the reference
si gnal SGL byThdpuisé mridtht ddjsstipentsdronitd24 inchides s Gmalg getepationf eiruitt e and @i ng
adjustnent circuit 18 is a pulse signal having the sanpling frequency and
cal | ed am#gMdjusageticiroait 1&G2The timing generation circuit 19 generates a reference signal SG1

by frequency-dividing clock pulses CLK2 output from the circuit division circuit 25 shown in
FIG. 1. The timing adjustment circuit 18 adjusts the duration of a sampling period indicated by
a pulse width of the reference signal SG1 by adjusting this pulse width. The signal output from
the timing adjustment circuit 18 is a pulse signal having the sampling frequency and called a
sampling signal SG2.

[0066]

The transistor control signal generation circuit 31 generates a control signal SG3 for a
transistor Tra and a control signal SG4 for a transistor Trb based on the sampling signal SG2.
The switch SW1 shown in FIG. 1 is constructed by the transistors Tra and Trb.

[0067]
The terminal “a” and the input resistor R1 are connected by turning the transistor Tra on

while being disconnected by turning the transistor Tra off. In contrast, the terminal “b” and the



[ 0066] The transistor control signal generation circuit 31 generates
a control signal SG3 for a transistor Tra and a control signal S& for a

t i st d th i [ | S&. Th ' [
ransi st oo bhb/Rasgd on e sanpling signa e stgggfﬁﬁﬁg§$§¥gjhgl

FIG 1 is constructed by the transistors Tra and Trb.
"a" and the input resistor RL are connd@ted by turning the transistor Tra

on WD .2011/0250438PCT/ JP2010{ 064852 - 17 - | resi stor Rl are connect ed
byt ur PR ERRE Fan e oBpecti, 05 g e rainab i rbiineBieheis FionrRaReRL

transistor. Trb off.. [gqui The control signal SG3 for the transistor
Tra swi PEHREtS apsier Lo ofhe ¢ ansistor Tra froman off-state to an on-state
by beiqg %aLtched fromlow to high when the sanpling signal S& rises (tine
ti) as A in FIG8. Inthis way, the termnal "a" and the input resistor

Rl are conneg¢ted to char he capacitor . Since the control .sigpal,  SG4
for the transitétconire} ﬁg‘i‘ag %M"ét‘h‘{)ﬁr%@?r, T?f‘ e ea?r?s?‘%‘?d’% tﬁ"’r Ba‘?SéStW%B‘@ fegm
Accordingly, the termnal "b" and the input resjstor Rl are di.sconnected.
At ti meant aff-statfotocin pRisiEE BY being sydiched frgm tow toshigh ayhenthe sampling signal $G7 g
the sampling period. In this way, the outEut si.gnal Vout output fromthe
chopperfihbime ity as shopnaig FIG Bnpln thiswanedhe feyminal g’ arcbthe inputviesistor Rdsere
shown in FIG 1. 0069L . The operational anplifier 14 has a property
of decreoasegief torrhargephe eanagitordpl.f axines thg sontrl signabdet dgr the trapdstpr, bt is 49w nal
i ncreases when the frequency of this signal exceeds a predeternined val ue.
| n t hi satéimpodi thernrapsistor Tdpisrkept offial Aegapdinglyethe ternfingd Cb1 and thegdnputiresistpuR s
filter utilizing this property thereof. Accordingly, during the sanpling
peri od,are Wéscompatedt oAt @md 8, ¢livachpegingiiof the papasitq@l iostarédidhierblyy startmgi thy
noi se conmponents having high frequencies fromthe output signal output from
t he i ntsagiphingped@d. In this way, the output signal Vout output from the chopper amplifier unit 10

is input to the inverting input terminal 14A shown in FIG. 1.

[0069]

The operational amplifier 14 has a property of decreasing the amplification factor as the

frequency of the input signal increases when the frequency of this signal exceeds a

predetermined value. In this embodiment, the operational amplifier 14 functions as a low-pass

filter utilizing this property thereof. ~Accordingly, during the sampling period, the capacitor C1

is charged with the signal obtained by removing noise components having high frequencies from

the output signal output from the integrator 13.

[0070]

The sampling period ends when the sampling signal SG2 falls (time t2). At time t2,

the control signal SG3 for the transistor Tra is switched from high to low and the control signal

SG4 for the transistor Trb switches from low to high. Thus, the transistor Tra is switched from

the on-state to the off-state and the transistor Trb is switched from the off-state to the on-state.

Therefore, the terminal “a” and the input resistor R1 are disconnected and the terminal “b” and

the input resistor R1 are connected, whereby the capacitor C1 starts discharging.

[0071]

The counter 17 shown in FIG. 1 counts the number of clock pulses CLK1 until a voltage



[ 0070] The sanpling period ends when the sanpling signal S& falls
(time t2). At tine t2, the control signal SG3 for the transistor Tra is

swi t ched oM M8fst © | ow and the control signal S& fo istor Trb
sSwi t ches Pomlrgw 1?0 hi gh. Thus, the transistor Tra is %&EP%%%Wr%%Z?nthe

on-state to the off-state and the trand8stor Trb is switched fromthe
of f-state to.the on-state.. Therefore he ternpnal ["a" and,. the.inp
resi st gYFFE’f %’Pemﬁ?@cgﬁﬂ%c?fe Cafit e%r%tgr t1 rFﬁaﬁg‘Ts " ‘eé?{a“%"hé" |tar$8uyregea§|¥e§tt8? R1
are conpect ed reby the pacit or starts dischargin [0071
J071/ o ishatiedy SE5isT Binaenes5TRE R, TWRRE o eI Vo 1 frached the
integrator 13 reach he. reference voltage \Vref _after the discharging, of
the CapSEREISE YHaPS WGeial® MIE GRS G ORI The T PUSe NTORL SOVUUE RAGHE he
reference voltage Vref is juydged by the npatator, 15. The pul se nunber
count ecPOHptef e S Bumpeation ﬁlegﬁ?%g%ww Pgﬁlet"&hf‘%ees‘%qtvé’ﬁél b {9ethe ntcggator
vol tage _signal Vout input to the integrator 13. The pul se nunber, counted by
the couk erThe7pylse mumper: copated By dhe gpunderghijis PHtpUE a8 andietak ugmal adigating 2
change to a circuit at a subsequent stage. [0072] It is assunmed that
t he voltemgeratpre ghange o %)Bltf%}u‘tat§i3§}h§fﬁu?lrté%6tﬂ-he integrator 13 increases and
reaches the sane value as the reference voltage Vref at tinme t3. At tine
t3, thd0@dHtroller 11 switches the state of the transistor Trb fromthe
on-state to the off-state by switching the control signal S&G for the
transi st or Tribisfassymed tat the vadtage Mluet the patput signal freinsthe AntRarates 8 sin¢rgasse
connected with neither of the termnals "a" and "b". [0073] At tine
t 4, t heandampdhies thessageanah8GR the sefstenpheolétdgy Viebatcime td| At dmalt3,363 conirollene
transistor Tra switches fromlow to high and the chargi ng of the capacitor
d is stlaswitches Terptetcatfuthe transistor cib @l thavedtate ta thii gffistdte dytsputchinigt the ned
by repeating the above operations. [0074] The tenperature is
cal cul atoattobsigral SiGaeforrttedransistor Aeb ADmclagly 6y biwon Thius,ahe inpiPresifloe R1i comasdo er
measures a tinme until the integration process is conpleted after the |apse
of the txasvphéargl with neither of thedemuihak “¥adnde‘bdnd the tine nmeasured in the
digital value is output as a digital signal.

[0073]

At time t4, the sampling signal SG2 rises, whereby the control signal SG3 for the
transistor Tra switches from low to high and the charging of the capacitor C1 is started.
Temperature is calculated based on a digital output obtained by repeating the above operations.
[0074]

The temperature is calculated by a time meter of the AD conversion circuit 12. The
time meter measures a time until the integration process is completed after the lapse of the
sampling period in a digital value and the time measured in the digital value is output as a digital
signal.

[0075]

On the other hand, the chopping signal generation circuit 33 shown in FIG. 7 generates a
chopping signal SG5 used for chopping based on the clock pulses CLK2 from the frequency
division circuit 25. In this embodiment, the clock pulses CLK2 are directly used as the
chopping signal SG5. Since the chopping signal SG5 and the sampling signal SG2 are

generated based on the clock pulses CLK2, they can be synchronized.



[ 0075] On the other hand, the chopping signal generation circuit 33
showmn in FIG 7 generates a chopping signal SG used for chopping based on

the cl OCKVB%ﬁ%S&KZ fromthe frequency division ci rcuil,ET%?%]mb/@Mtsgg S
the clo the

enbodi nent, ck pulses CLK2 are directly used as choppi ng si gnal
SG5. Since the chopping signal SG and 1®he sanpling signal 5& are
generatz@g7 ased on the clock pul ses CLK2, they can be synchronized. WO
2011/ 0 48PCT/ JP2010/ 064852 - 19 - [0076] Next, the CR oscillation circuit

illati i h in FL.G1.s.d [ . 100 . The CR
osci | 1ati on Othe EReeltfin Sisutdoss e FE0BEB ARG idpsibth, T
generatﬁﬁg}]he cl ock pul ses CLK1l used to operate the chopper anplifier unit

10 and integrator 13. The CR oscillation circuit 16 outputs the clock
pul ses CLK1 resi,stor and

e cycle of which is a tinme constant of Cg The,
Dhe. capaci t or! RSrCH RecllstioaaRitcnl 46iioPrapasce: of thegCsislpranchibe caei rapg e Brales
characteristics as _the input resistor Rl and the capacitor C of tslge
i nt egr dfeFlogl pulsep@hic] used to qpgEye e HeBPaTAMAIGIST BYiE 18 5o Tereeriosddy | Thei on
circuit 16 (cycle of the clock pul ses CLKl) becones |onger . by being
i nf | uerfeR @seillatiameiequift Loruiputs, theyglockpulies (-Kok onereycleofpy il iss tivg corgtgnt of
beconmes | onger, wherefore the sanpli 1ra%per.i od becones | ong;ar. Since this
causes @Rchihgjrasistariand the capssiterpfatbe (¥ oggillationirircyitd 6| haxg die samectemperature
anplification factor of the integrator 13 increases., [0079 The
anpl i fi datactsnistiescasdhe input ggision RA gind thsy capaciigh i(drofdpeintegsaion 3. pul ses by t he
CR oscillation circuit 16 is determned by a ratio of a resistance val ue of
the resli0878r of the CR oscillation circuit 16 to that of the input resistor
Rl of the integrator 13. The anplification factor in the integrator 13 is
al so det er nmi rWietbyn ascillafien ofcle of alpa€Rt esviltatioh ditewit ddpleytle mf thé claek poises
oscillation circuit 16 to that of the capacitor O of the integrator 13.
CLK1) becomes longer by being influenced by temperature, the pulse width of the sampling
signal SG2 becomes longer, wherefore the sampling period becomes longer.  Since this causes a
charging time of the capacitor C1 to become longer, the amplification factor of the integrator 13
increases.
[0079]

The amplification factor in the integrator 13 which operates on pulses by the CR
oscillation circuit 16 is determined by a ratio of a resistance value of the resistor of the CR
oscillation circuit 16 to that of the input resistor R1 of the integrator 13. The amplification
factor in the integrator 13 is also determined by a ratio of a capacitance of the capacitor of the
CR oscillation circuit 16 to that of the capacitor C1 of the integrator 13.

[0080]

The resistor and the capacitor of the CR oscillation circuit 16 have the same temperature
characteristics as the input resistor R1 and the capacitor C1 of the integrator 13. Thus, when an
internal temperature of the sensor device 1 changes, the resistance values of the CR oscillation
circuit 16 and the integrator 13 change by the same amount and the capacitances of the CR

oscillation circuit 16 and the integrator 13 change by the same amount.

[0081]



[ 0080] The resistor and the capacitor of the CR oscillation circuit
16 have the sane tenperature characteristics as the input resistor RL and

t he Capa%kb%ﬁnﬁbs&& the integrator 13. Thus, when an in %&th?éﬁgﬁggature
of the sensor device 1 changes, the resistance val ues of the oscillation
circuit 16 and the integrator 13 change&0by t he sanme anpbunt and the

by che. Z‘Qﬁgsa‘ﬁ%k -ﬁ‘fﬁ%ﬁi‘f te BB s E g st SRR ORI g, i ORR0°
changeate s FEE T atv of P Pt Bt QTR Rdaces 1030 FRPRP I Heygor ra

oscil | attjﬁ[gen }ng%grr%t%%p %‘lﬁ%Eh% r% 1aE)F QI Cctag%%i{.a?lﬁeg (t)f t'il(easciaf t01 or & thngIE E%ililaq}o%l rlrgiu? r

13 and ¢ capaci e capacitor o he OSCiI I'on

circuit o.t of the pagitor Cl of the infegrator.13 do not change.
Thus. - o16:fuiis B the Rapdetfy K BE EAe infare®h 3o otk EPHRLG s TR ) oPites e
suppressed.when the i.nternal te ratuyre of th engor. device 1 chan
0bb2] Splitcatip Befasdh dHOASERIOR s ceth o PSS WhAD HeHnsEb fnRereiheec ot B
16 have the sanme _electrical characteristics as the input resistor Rl and
the cap¥BiUdevier 16hangss i ntegrator 13. [0083] As described above,
the anplification factor in the integrator 13 that operates on pul ses by
the CRI988%) I ation circuit 16 i s deternined by the ratio of the resistance
value of the resistor of the CRoscillation _circuit 16 to that of the input
resi stor RL ofhetmgaistonardythecapacitpr of the GRppscillatign icgpuit 46 thgve the sape electrical
integrator 13 is also determ ned by the ratio of the capacitance of the .
capaci t@haragferisties asthoingpt resisiop R 1@nd thy ¢apagtor £ltofdhe fegratar Ehpacitor 4 of

t he intﬁﬂgﬁtor 13. [0084]

As described above, the amplification factor in the integrator 13 that operates on pulses
by the CR oscillation circuit 16 is determined by the ratio of the resistance value of the resistor
of the CR oscillation circuit 16 to that of the input resistor R1 of the integrator 13. The
amplification factor in the integrator 13 is also determined by the ratio of the capacitance of the
capacitor of the CR oscillation circuit 16 to that of the capacitor C1 of the integrator 13.

[0084] |

The resistor and the capacitor of the CR oscillation circuit 16 have the same electrical
characteristics as the input resistor R1 and the capacitor C1 of the integrator 13. Here, a sheet
resistance characteristic is cited as an example of the electrical characteristic.

[0085]

Thus, when a process variation occurs during the manufacturing of the resistor of the
CR oscillation circuit 16 and the input resistor R1 of the integrator 13, the resistance value of the
resistor of the CR oscillation circuit 16 and that of the input resistor R1 of the integrator 13
change by the same amount since the resistor of the CR oscillation circuit 16 and the input
resistor R1 of the integrator 13 have the same electrical characteristic. Thus, the ratio of the
resistance value of the resistor of the CR oscillation circuit 16 to that of the input resistor R1 of

the integrator 13 does not change even if a procéss variation occurs during the manufacturing of



The resistor and the capacitor of the CR oscillation circuit 16 have the
sane electrical characteristics as the input resistor RL and the capacitor
A of theyphnhfdhaler 13- Here, a sheet resistance charaghgfbsifibfedsS Cited
as an exanpl e of tﬁe el ectrical characteristic. [0085] @%us, when a
process variation occurs during the magBdifacturing of the resistor of the CR
oscillagtlon.cirecut . I t j i t.@r 13, the
Fasi st e BRilrof st R st rcu B apl % bR recBrpBf e BeBIGHI T3 |3
of the[hgﬁﬂt resistor RL of the integrator 13 change by the sane anount
since t esistor of the CRoscillation circuit 16 and the input resistor

3,0 0, Sk, G AT SRR B DR BRLR ol o1
10 1, Wl B B Sl 0 BB B 17 St
B e L0252 e o Bk 5T 4 e
e S RS B SEBC St St 208

integrator 13, the capacitance of the capacitor_of the CR gscillatjon

ci r cui tthe gntegrator d4thaye the sameaglsetricyrcheyacisristipe Thitseticdatlp of she-gapagitansg of he
sane anount since the capacitor of the CRoscillation circuit 16 and the
capaci ttbe capacisgr affthe CRy esgilation cirauih iy to thaeofthersapaciter ¢1 of thedptgertards3j does ¢ .
Thus, the ratio of the capacitance of the capacitor of the CR oscillation
ci rcui tnot Ghangetdyan ibp provescudiation @coas dyfing tee mapeigetyring of Shejepscitstofthange
even if a process variation occurs during the manufacturing of the

capaci tGR osfillation cRuiyd biand the eapadiior Eliaf thesintggmateh3.capacitor G of the
integrator 13. [0087] Accordingly, a change of the anplification
fact or [088%]he i ntegrator 13 can be suppressed even if a process variation
occurs during the manufacturing of the resistor of the CR oscillation
circuit 16 amtcbhiknglnmxhanges ofthe anfplifiodtianhiacionirethedntegrakl 1grcan bpsopmsssed
variation occurs during the manufacturing of the respective capacitors of
t he CR ewvsniifl 4 ptocess varintion bechits duvihg the manéagtwaingrofitBe rgsGOBRIf the CR oscilldenn
anot her exanpl e of the construction of the sensor device according to the.
enbodi neithitdb dnkaheirpae rdsistonVRehbf the inegres i3 dredprobtss. vafiation acotlrsadyring the
showi ng the other exanple. This sensor device 1A further includes a

short - chifufadtursnyd 6fahe BéBectide thpasitomwitieyCR bscitlati@ceiruditrieramd yhe2idtegeator 13.
changeover switch SWB and a subtractor 23. Wen the short-circuit switch
(cutof flopgg)ti on) SW2 is turned on, two signal lines L connecting a sensor
unit 20 and a chopper anplifier unit 10 are short-circuited. [0089]

Next, another example of the construction of the sensor device according to the
embodiment of the present invention is described. FIG. 6 is a diagram showing the other
example. This sensor device 1A further includes a short-circuit switch SW2, a first memory 21,
a second memory 22, a changeover switch SW3 and a subtractor 23. When the short-circuit
switch (cutoff portion) SW2 is turned on, two signal lines L connecting a sensor unit 20 and a
chopper amplifier unit 10 are short-circuited.

[0089]

The first memory (first storage) 21 and the second memory (second storage) 22 are
provided at a subsequent .stage of an AD conversion circuit 12. The changeover switch
(selector) SW3 selects in which of the first memory 21 and the second memory 22 a data of an

output signal from the AD conversion circuit 12 is to be stored. The changeover switch SW3



The first menory (first storage) 21 and the second nenory (second storage)
22 are provided at a subsequent stage of an AD conversion circuit 12. The

changeove\g,ogm&t/(ﬁgmgsel ector) SWB selects in which of th@cfr}ﬁﬁk%g%gﬁ{/y 21

and the second nenory 22 a data of an output signal fromthe ersion
circuit 12 is to be stored. The changeager switch SW8 WO

2011/ 0250Q048PCT/ JP2010/ 0g4852 - 22 - switches connection of jfhe
conver PG FUBFEIOR0L et RD SWEBIRGHERY! B4 ' A0F TRt RERTN b IRy sEgond
[ 0090] At a subsequent stage of the first and second nenories 21, 22
i s proviBYYt®Re subtractor 23 for calculating a difference between a data
of an output signal read fromthe first nenory 21 and a data of an out put
si gnal [P fromthe second nmenory 22. [0091] In the sensor device
1A, a controller 11 (see FIG 1) cuts off an output_of a vol tqa? e signal from
the sensor uditta sphsaqyentistags 96 Hisehirsbansh seppnd mempties ., 7y 1§ pioy] aﬂt‘fh%l tractor
short-circuit switch SW in a closed state. On the other hand, the
cont r ol23¢for calcylating a diffemence Seiwega aglagmed ar pwWRv! gignak esd dromy e firspmemope21
i nput to the chopper anplifier unit 10 by setti ng the short-circuit switch
SW2 i n aad aglatarpfanautput pigodatad from the sugend gyemosy P&r (control unit) 11
connects the AD conversion circuit 12 to the first nmenory 21 by swtching
t he chdfg¥dver switch SWB to the side of the first nenory 21. On the other
hand, the controller 11 connects the AD conversion circuit 12 to the second
menory 22 by Iswhe sénsogdevies tAangmotrellersii (sch F3(GB 1) outs lpéf an gutpyf of hevallegond
menory 22. [0093]

signal from the sensor unit 20 to the chopper amplifier unit 10 by setting the short-circuit switch

SW2 in a closed state. On the other hand, the controller 11 permits the voltage signal from the

sensor unit 20 to be input to the chopper amplifier unit 10 by setting the short-circuit switch SW2

in an open state.

[0092]

The controller (control unit) 11 connects the AD conversion circuit 12 to the first
memory 21 by switching the changeover switch SW3 to the side of the first memory 21. On the
other hand, the controller 11 connects the AD conversion circuit 12 to the second memory 22 by
switching the changeover switch SW3 to the side of the second memory 22.

[0093]

In the sensor device 1A thus constructed, the controller 11 causes a digital signal from
the AD conversion circuit 12 to be stored in the first memory 21 with an output of a voltage
signal from the sensor unit 20 to the chopper amplifier unit 10 cut off.

[0094]

At this time, a voltage value expressed by the voltage signal input to the chopper
amplifier unit 10 is determined by a voltage drop caused by an impedance inherent in the sensor
unit 20 since the two signal lines L connecting the sensor unit 20 and the chopper amplifier unit

10 are short-circuited. Then, the voltage signal is input to the chopper amplifier unit 10 and

noise components inherent in an operational amplifier 101 are mixed during an amplification



In the sensor device 1A thus constructed, the controller 11 causes a
digital signal fromthe AD conversion circuit 12 to be stored in the first

menory 2 i utput of a voltage signal fromthe s i to the
chopper ;Wrrg:ziﬁwg?mgnit 10 cut off. [0094] At thi ?e?@i’rr%d,m’g&\?%{)t age

val ue expressed by the voltage signal -i28put to the chopper anplifier unit

10 is determ.n by a.voltage.dr C ed by an_i dance.inherent in_ the
sensor RIRFESS Z‘Betg? r?ﬁ%raflﬂléaltﬂ%ﬁgfdeég i (?tfjfrsﬁ' sChBi;B%rn "ﬁgm}“héb‘s re]ﬁl%“gr af n(f“ttplgo
and the.ch er anmplifier it 10 are short-circuited. Then, the voltage
Signal YA MO thE Ghonps” ampfifer vl leT i Fhecnel ¢ HAig haiss HBPEI orponent s
i nheren[}) 'égban operational anplifier 101 are m xed during an anplification
w0 20111P838b48PCT/ JP2010/ 064852 - 23 - process in the operational anplifier
101 of the chopper, anplifier ynit 10. Thus, an output signal_fromthe
chopper anpl i Fie8r “tih%)“aﬂ@ signal Hacluding i the Qe (RPTIRANERSS d§ eﬁﬁ?’g.tg]f Gg%‘]"f
Then, the voltage signal including the _noise conponents is input fromthe
chopperamphistuynd, 1Q, 49 the) A goRvsEIQDCEGHY d-si BiRCe ithe Hpltage signg] tecludipg noise
vol tage signal including noise conponents is integrated by the integrator
13 in tefEnpDeRts mwfegraiﬁg by thedntegmor 13gndke ADHGARNEIFION GiTcHE 1@ nROiSE CORRONGHIS y
the operational anplifier 101, but also an operational anplifier 14 of the
i nt egr ainberen3ingras qndy fhecopegatimmabpmphifiergl(l byhplse apfoperasiopal applifiesrl41gf the
Thus, the noise conponents inherent in the operational anplifier 101 of the
chopper intagpitorf 13eare geflecteti®nzandintegeal yplae af therinfegratgyl 13 | dihug 4hepoisgomponents
integrator 13 are reflected in a digital signal fromthe AD conversion
ci r cui tinh@renf dOhE]operational ameplifiedi10d|of ,ther cheppsr afnplifier diigilzindstheoperational ed
inthe first menory 21 with the voltage signal flowing fromthe sensor unit
20 to timplidfiwddef therpitédrator 13 aie refloctediin afligitab signaldirem dlic APecaiveistoal ciuiinal
reflecting the noise conponents inherent in the operational anplifier 101
of the thopper anplifier unit 10 and the operational anplifier 14 of the
integrator 13. [0097]

[0096]

Ac;:ordingly, a data of the digital signal stored in the first memory 21 with the voltage
signal flowing from the sensor unit 20 to the chopper amplifier unit 10 cut off is a data of the
_digital signal reflecting the noise components inherent in the operational amplifier 101 of the
chopper amplifier unit 10 and the operational amplifier 14 of the integrator 13.

[0097] |

On the other hand, the controller 11 causes the data of the digital signal from the AD
conversion circuit 12 to be stored in the second memory 22 without the voltage signal flowing
from the sensor unit 20 to the chopper amplifier unit 10 being cut off. In other words, the
controller 11 causes the data of the digital signal from the AD conversion circuit 12 to be stored
in the second memory 22 while setting the short-circuit switch SW2 in the open state so that the
two signal lines L are not short-circuited.

[0098]

At this time, since the voltage signal flowing from the sensor unit 20 to the chopper

amplifier unit 10 is not cut off, the voltage signal including the noise components inherent in the

operational amplifier 101 and indicating a temperature change is input from the chopper



On the other hand, the controller 11 causes the data of the digital signal
fromthe AD conversion circuit 12 to be stored in the second nenory 22
wi t hout t88 4p| signal flowing fromthe sensor unit p2Q hh&sshopper
anplifier unit &fg&gei ng cut off. In other words, the cont%r/oJF?)er/ 1% causes
the data of the digital signal fromthe&4AD conversion circuit 12 to be

stored in . the s nd.memory 22 .whi.le. ting the short-circuit switch 5W
in the %mp%f?eéflgﬁg%%thteﬁg?C%{Weerﬁl%mﬁuétna’ lines L are not short-circuited.

[ 0098] At this tine, since the voltage signal flowi ng fromthe
sensor [89??] 20 to the chopper anplifier unit 10 is not cut off, the voltage

signal includi.n he noi se cooponents inherent in the operational anplifier
705" and | nd Gty gof iediibe s noe SomAgRents and eceBne dhrclempeigture
2011/ 025048PCT/ JP2010Q/ 064852 - 24 - lLifier unit. 10 to . the AD cqnversion
it cui (OhEBEe PoRBeed by the misritar Lhin GOA GNPt AgeBHb AT She
conponents and indicating the tenperature change is integrated hy the
i nt egr dftserater 13,reflgets Abs Boisg; spmpeRenty herept Tz{hetoweraflﬂfeaé@frmhfwlgﬁ apgd thosg
integrator 13 reflects the noise conponents inherent in the operational
anpl i f iiBherers1ingthe opgrstiensl anaplifier 1i4ngf? the igfseraten bhar addigen e dhe yaltage gigpal
integrator 13 in addition to the voltage signal indicating the tenperature
change.indigating the derapesptug changeral Thuse thet digitadSignah fremsthe AR icopyarsion pirgwf L2t s
t he noise conponents inherent in the operational anplifier 101 of the _
chopperreflegss Hifei noise gpmponents iherané in ferapcrasional amplifier 18t of thegthopper amplifier
integrator 13 in addition to the voltage signal indicating the tenperature
change.uriD1@@hd the operatiimel amplifier 14 of the degsator 1A dn additiondo dhe 2gltags signal
calculate a difference between the data of the digital signal stored in the
first npdicatyngthe tamperdtate abhngene di gital signal stored in the second nenory
22. In this way, the digital signal indicating the noise conponents becones
0 t hr oy§imOBjubt racti on and only the digital signal indicating the
t enperature change renains. [0101]

The controller 11 causes the subtractor 23 to calculate a difference between the data of

the digital signal stored in the first memory 21 and that of the digital signal stored in the second
memory 22. In this Way, the digital signal indicating the noise components becomes O through
subtraction and only the digital signal indicating the temperature change remains.

[0101]

In the other example of this embodiment, the data of the output signal from the AD
conversion circuit 12 is stored in the first memory 21 with the output of the voltage signal from
the sensor unit 20 to the chopper amplifier unit 10 cut off. Further, the output signal from the
AD conversion circuit 12 is stored in the second memory 22 without the output of the voltage
signal from the sensor unit 20 to the chopper amplifier unit 10 being cut off. Then, the
difference between the data of the output signal stored in the first memory 21 and that of the
output signal stored in the second memory 22 is calculated.

[0102]

In this way, the difference between the digital signal including the noise components

and indicating the temperature change and the digital signal indicating only the noise

components is calculated. Thus, the noise components inherent in the sensor device 1A can be



In the other exanple of this enbodinent, the data of the output signal from
the AD conversion circuit 12 is stored in the first nmenory 21 with the

out put O‘fwa}ﬁll‘/d%%(h@ge signal fromthe sensor unit 20 topbl?ﬁpﬁdg@ﬁﬁ%z

anplifier unit cut off. Further, the output signal fromt
conversion circuit 12 is stored in the2second nenory 22 w thout the output

of the volta signgl .fram the.sens nit 20 to the chopper lifier unit
70 ber gmeted e e gl TE dRCERE e s FstaPariRe Bl of
signal stored in the first penor Zdé and that of the output signal stored
in t he BbiRchcHbroMgreascyratelymegiuidy. [ 0102] In this way, the

di fference between the digital signal including the noise conponents and

i ndi catlPHlt he tenperature change and the digital signal indicating only

t he noi se conponents is cal cul ated. Thus, the nojse conponents inherent in
the sensor d e, the cantrolier 1\\oxeqytes/ sshoa gontFel) %1%%8‘64@22“-0“%“-“@31
renoved fromthe digital signal indicating the tenperature change, .

wher ef cwoaverted intonp digitalipignalfin dhe O) eenversion siEcuiple 1Sa3teigH AP yreqgndly, igfhe
[0103] - Further, the controller 11 executes such a control that a data
of an owtoudtmengrya32 thantherdatachfithe entpuidiignal isl steypd Huthe ifisstimeanotmn 2d onver si on
circuit 12 is stored nore frequently in the second nenory 22 than the data
of the [Olf®4ut signal is stored in the first nmenory 21. [0104]

Specifically, the controller 11 sets the short-circuit switch SW2 in the
open state arSpepifisally, dhns cofimlichdhgetsvbe sbowt-cirbnisywiteh SWik ins theeopsh state and
second nenory 22 nore frequently than it sets the short-circuit switch SW
in the mishivas tixt diangener poitiht $ Wisit theesidhafihe seend sudmery 23iBorgtiraguentlyi dan of
the first menory 21. Thus, the signal lines L connecting the sensor unit 20
and t heit gho fiesshoaiiciit switclu 82 ih(the atoséxbsthesmd fpositioanthechaigeoverciwitchi SW3.
This can shorten a period during which a | oad on the sensor device 1A

i ncr eas@shdyide o the fist Gicniorn@1 hThiispehessigne|lines hesnoentingahé sepsohenis @A siod
unit 20 and the chopper anplifier unit 10. [0105]

the chopper amplifier unit 10 can be less frequently short-circuited. This can shorten a period
during which a load on the sensor device 1A increases by short-circuiting the two signal lines
connecting the sensor unit 20 and the chopper amplifier unit 10.

[0105]

Particularly, the controller 11 may cause a data of an output signal converted into a
digital signal in the AD conversion circuit 12 to be stored in the first memory 21 only once at the
start-up of the sensor device 1A. Thereafter, the controller 11 may maintain a state where the
data of the output signal converted into the digital signal in the AD conversion circuit 12 is
stored in the second‘ memory 22. This process has the following advantages.

[0106]

Specifically, the controller 11 sets the short-circuit switch SW2 in the closed state and
positions the changeover switch SW3 at the side of the first memory 21 only once at the start-up
of the sensor device 1A. Thereafter, the controller 11 maintains the state where the short-circuit
switch SW2 is set in the open state and the changeover switch SW3 is positioned at the side of
the second memory 22.

[0107]



Particularly, the controller 11 may cause a data of an output signal
converted into a digital signal in the AD conversion circuit 12 to be

stored l&Nb?@Hﬂh&ﬁ% menory 21 only once at the start- Uppe%”$HﬁWﬁ§@§pr

device 1A. Thereafter, the controller 11 may naintain a state ere the
data of the output S|gnal converted inke-the d|g|taI signal in the AD

conversion circuit 12 is stofed in the seco nDry 2 Thi s prgcess has
the fol | ow n&h&a’v%trﬂllaé@é"uq Bﬁgmsensm eVICg ki ’1‘ HE g qfy2 tgHél vghal fBﬁ?CSt“nge
sets the short-circuit smnhch SW the cl.osed state and itions tg
changedipie compoBsnts\hat Bt 1 etigdovodines Hgnalip PatH’ér?otFSFPEIf“BE F@a“@ﬁ &eStaredihe
start-up of the sensor device 1A. Thereafter, the controller 11 naintains
the st dhe fisstapemere2khoFhereafiep data efydigital s\gpals selleqting the pgisg (FOmPOREAty adthy
t he changeover switch SWB is positioned at the side of the second nenory

22. [ ow%pge sigpgs indicating tie, {panpesaturerghagge pie-Goptinpallydored ig the $peond énemry a
data of a digital signal reflecting the noise conponents, but not

refl ectd3Zag a voltage signal indicating a tenperature change is stored in
the first menory 21. Thereafter, data of digital signals reflecting the
noi se dO@Rlnents and vol tage signals indicating the tenperature change are
continually stored in the second nenory 22. [0108] As a result,

di fferences bt weresult, diffd@neesobetiveen dhgidatal ok thpndigitakigaslt reflgcting: thpoingise
conponents and the data of the digital signals continually updated

t her eafdomipoaats ned tlecditaof thvedigivalssigmatnpomienally epdatadntbercofteragnd reflgetinigsthe

i ndicating the tenperature change are obtained by the subtractor 23. [0109]
By the muiset dopdpoaentd and érel voltapa gighdile imticating pho tegeratedechaingepgre obtmedityi the
unit 10 and the AD conversion circuit 12 respectively process a voltage

si gnal Jubth@at23)g t he noi se conponents only at the start-up of the sensor
devi ce 1A and thereafter process voltage signals indicating the tenperature
change [onogjddi tion to the noi se conponents. [0110]

By the controller 11 performing the above process, the chopper amplifier unit 10 and th¢
AD conversion circuit 12 respectively process a voltage signal indicating the noise components
only at the start-up of the sensor device 1A and thereafter process voltage signals indicating the
temperature change in addition to the noise components.

[0110]

As a result, the sensor device 1A can obtain a digital signal having noise components
removed therefrom while causing the chopper amplifier unit 10 and the AD conversion circuit 12
to centrally process a voltage signal indicating a temperature change in addition to the noise
components. Thus, the sensor device 1A can obtain the digital signal having the noise
components removed therefrom while efficiently utilizing the chopper amplifier unit 10 and the
AD conversion circuit 12 originally designed to obtain a voltage signal indicating a temperature
change as a digital signal.

[0111]

The controller 11 may perform the following process. A data of a digital signal

reflecting noise components is regularly stored in the first memory with the short-circuit switch

SW?2 set in the closed state and the changeover switch SW3 positioned at the side of the first



As a result, the sensor device 1A can obtain a digital signal having noise
conponents renoved therefromwhile causing the chopper anplifier unit 10

and the ARPGGHMVBESKON circuit 12 to centrally process aP&?bﬁﬁH®m§kﬂﬁal

indicating a tenperature change in addition to the noise conponent’s. Thus,
t he sensor device 1A can obtain the di-@7t-al signal having the noise

conponents renopv therefromwhil.e efficiently utilizing, the ¢h r.

Sl o1 Bemght P11 doxchel Topa PRRPY Bt Ehish Thi eontet T pepprth 4R T R Nigmels
obtain a_voltage signal indigating a tenperature change a digital .

oi gnal . Tfigating ndise components wnshylisef siendlh MGARE AETREARES EMER MERECHIYEdY s
A data of g.digital signal fl.ecti ng noj se conpo ts s reqularly stored
"n the fpsedn MF?I"“?\P‘%H‘O% 5 it the SPor et SGhS BiAgset it the,pPem atats ke
state and the changegver switch SWB . osiéﬂoned at the2§ide of the first WO
2011/ 029BREsSeT SN a passoned gt the sifle oy G second BGmasy 2€or a period during
which this process is perforned, data of digital signals reflecting noise

conpone“ﬂ%and voltage signals indicating a tenperature change are
successively stored in the second nenory 22 with the short-circuit switch

SW2 set in tHa thipsnysthgsensahdevierel A paitsge e sataefjthe digitalpignas refleetingithg moisp e
side of the second nenory 22. [0112] In this way, the sensor device
1A causexmpanentd e be tsizulaply stiired ingthe iry mamory 21 aod; exgenttier the ipsdod derpngnehich t o
be regularly stored in the first nemory 21 and, except for the period
duri ng this proceshiispgrfamed scausespibe fdatanafdhe digitabsignale r@fﬁmng)thetnmswn@bnts
signals reflecting the noise conponents and the voltage signals indicating
t he t enpelrtht uokagelsigngls indicitngsthe tasprratateychangy @cbe sucedssively stomell methe sgeond .
[0113] As described above, since the sensor device 1A causes a data
of a dimematy Zl.gnal refl ecting noise conponents to be regularly stored in
the first nmenory 21, a data of a digital signal reflecting noise conponents
whose vf@lt3jge val ues have changed is stored.in the first menory 21 even if
t he vol tage val ues of the noi se conponents change due to a change in the
i nternal tenpsy aestribedfabohe sires die Saisocdedibe 1A kddses a data of a digital signal
reflecting noise components to be regularly stored in the first memory 21, a data of a digital
signal reflecting noise components whose voltage values have changed is stored in the first
memory 21 even if the voltage values of the noise components change due to a change in the
internal temperature of the sensor device 1A.
[0114]
The sensor device 1A causes data of digital signals reflecting noise components and
voltage signals indicating a temperature change to be successively stored in the second memory
22 except for the period during which a data of a digital signal reflecting noise components is
stored in the first memory 21. Thus, the data of the digital signals reflecting the noise
components whose voltage values have changed and the voltage signals indicating the
temperature change are stored in the second memory 22 even if the voltage values of the noise
components change due to a chénge in the internal temperature of the sensor device 1A.
[0115]

As a result, in the sensor device 1A, a difference between a data of a digital signal

reflecting noise components whose voltage values have changed and a data of a digital signal



The sensor device 1A causes data of digital signals reflecting noise
conponents and voltage signals indicating a tenperature change to be
successi WRbYofilesRd i N the second nenory 22 except for tphegpsaribesissuri ng
which a data of a digital signal reflecting noise conponents is stored in
the first menory 21. Thus, the data of 28he digital signals reflecting the
noi se n S v h I Sd; S
SABANE S WO EotBLAGEE WKL SRR GaftBRHAGE ABfbdiNnd' A LAAR:SHBNE

i ndi cating enper a ange are s I n menory
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vol t age, val ues have anged and a voltage signal indicating a tenperature
change P&V Wﬁ@ﬁs gEFW mgﬁﬁng%?%ﬁ 23. Thus, the sensor device 1A can

obtainlg ﬂ;gital si gnal havi ng noi se conponents renoved therefrom

regar dl Lot changes in the voltage val ues of the noise conponents. [0116]
The present invention is summarized bel ow. [0117] A sensor device
accor di ng tof%ﬁé“%§ﬂé€Y“BFmﬂ%@“ﬁ@%@@ﬂﬁmﬁﬁvention conprises a vol tage
detection type sensor unit for converting a physical quantity into a
voltagdo@gﬂue and outputting a voltage signal indicating the voltage val ue;
a chopper anplifier unit for generating a modul ation signal by chopping the
vol t age si gndh sgsPhAevies acrordiBe e A8 ASER Of thetIessnh Vgl RPMRESCE RoyPiagy
frequency, anplifying the nodul ation signal into an anplification signal

t hen dedetrgtipmtypeGensos unitien converfing A Physier (quantily érte guoltagryvalee and euipwimgat
signal; an integration unit including an operational anplifier for )

anpl i f ynoliggasigndltindjeatiigfthe veltags viatuone €hoppey amplifjer wnit forgeperpiinga modylatiaput
termnal and a voltage at an inverting input termnal, an input resistor
connectséghal by cheppiing/de tviokage signal outpuhﬂwalt o $enspreunipwith i peedetermined; chppping nd
a capacitor connected between the inverting input termnal and an out put

t er m ndrequéndyhemplifying the maddudativini signat irde dn aoppifiedtioncsigralythen démsodilating the
signal output fromthe chopper anplifier unit at a predeterm ned sanpling

f r equeramplfivdtiomtszpabied tdugpuitamgpliteas ant@iputssigmdl an dntdgmtidn ginitaincholingersi on
unit for converting the output signal integrated by the integration unit

i nt o a dapegitioahl amplifidr.fof ArhpBiying a voltage difference between a voltage at a non-inverting

input terminal and a voltage at an inverting input terminal, an input resistor connected to the
inverting input terminal of the operational amplifier and a capacitor connected between the
inverting input terminal and an output terminal of the operational amplifier and adapted to
sample the output signal output from the chopperhmplifier unit at a predetermined sampling
frequency and integrate the sampled output signal; and a digital conversion unit for converting
the output signal integr_ated by the integration unit into a digital signal.
[0118]

According to this construction, the integration unit including at least the operational
amplifier is provided.
[0119]

The operational amplifier has a property of decreasing an arriplification factor as the
frequency of an input signal increases when the frequency of this signal exceeds a predetermined

frequency. Thus, the integration unit can have a function of decreasing an amplification factor



According to this construction, the integration unit including at |east the
operational anplifier is provided. [0119] The operational anplifier

has a prqpghbiBiigecreasing an anplification factor astQﬁP&ﬁ@gﬁggpy of an

i nput signhal 1 ncreases when the frequency of this signal excee
predeterm ned frequency. Thus, the integration unit can have a function of

decreasiqg @n anpli&icatLon ﬁﬁcuon 2011/ 0 50%§P /JP2019@%§4§5% - Zi -
as t he g HEAUSACY©f 2 Trerdvqd, QHPY Vg MAresay WPRL e leamenre il ts.oytpu igaly
of this output signal .exceeds the predeterm ped fr ncy. .bein .
or ovi SR e FFQEHETER GHASEPR. 1t GUPBEIeBHReaT e By nciom, 1 NEEBHgR Bt an
i nput signal if the frequency of LEis ignal is equal fo or felo t he
pr edet drRIS 41 PasiRs Ry AhaiTPHL sigan; P Fedsace gb 4mia Fanab IS sival s Prghelpwifh o
difficult as the frequency of this signal increases beyond the. .
pr edet dFAGEmIBLEGHAGY hileompking the Pasyags of the Inp Signal mae Giffieult 44 the
performa function as a lowpass filter without making it necessary to
separ atfEqapensyRfithis signplopcisasss beyqnddhe piedeternivgd fleqyetiCle by the integration
unit is converted into a digital signal by the digital conversion unit.
Ther ef dP&20]a sensor devi ce can be provided which is capable of digital
conversion while renoving noise conponents m xed during an anplification
process w t hdlds; the irtegraten umié cal partorm & fynstipn as pdowsofilterevithaut njajime) it
In the above construction, a sanpling frequency adjustnent unit for
adj ust inegessiny tosneparately proxifleentow-pasp filéers uAnHategpal yalugery. the Onfgdation unit is
converted into a digital signal by the digital conversion unit. Therefore, a sensor device can be
provided which is capable of digital conversion while removing noise components mixed during
an amplification process without increasing the circuit size of the sensor device.
[0121]

In the above construction, a sampling frequency adjustment unit for adjusting the
sampling frequency may be further provided.
[0122]

As described above, in the integration unit, the amplification factor decreases as the
frequency of a received output signal increases when the frequency of this output signal exceeds
the predetermined frequency. The predetermined frequency at or above which the amplification
factor decreases is determined by the magnitude of the sampling frequency.

[0123]

As a result, the integration unit functions as a low-pass filter which makes the passage
of a received output signal more difficult as the frequency of the output signal increases beyond a
certain frequency determined by the magnitude of the sampling frequency. Thus, the
integration unit can make the passage of noise components having frequencies above the certain
frequency determined by the magnitude of the sampling frequency more difficult if the

magnitude of the sampling frequency is determined.

[0124]



As descri bed above, in the integration unit, the anplification factor
decreases as the frequency of a received output signal increases when the
frequencyygfofiti2So4Qut Put signal exceeds the predeternin§gTh§§Hw@Q§¥z The
predeternlneg {requency at or above which the anplification factor
decreases is determ ned by the magni tude-of the sanpling frequency. [0123]
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According to this construction, the sanpling frequency is. adjusted by the
sanpl i gt taindErauersy band maixed Hy the gpiput srEnal trygig; to pass e ditegratignhwh those having
certain frequency band included in the output signal input to the .

i nt egr dh¢ drequencics beyend rthe seriinclseqiieney, determingd byhthg magitudg . Beremeling t o
pass the integration unit can be adjusted. Thus, out of the noise )
conponditauensy eanebecemayied. f Asguesidly agatie ofitheerpiphcemponsatspntthe sigaall passipg ng
to pass the integration unit, those having the frequencies beyond the

cert ai rth¢ indegrationunitegaarbeiadingtedy t he magni tude of the sanpling frequency can
be renoved. As a result, a ratio of the noise conponents in the signa

passi ndgOi®Y i ntegration unit can be adjusted. [0125] In the above
construction, the chopping cycle and the sanpling cycle may be synchroni zed
and t he chopfdinnthef atmyee nonstmretjor etha nchoppioigd cpéle t dmel dlnshinpling raygleemmay be
(where n is a natural nunber equal to or greater than 1). [0126]

When t heynthrenjzedand the chopping fretjuesicy mady bengoun-fold odthe sanggingtfoequénayt @dreat non
unit) increases fromO to a sanpling frequency, a voltage value of a signal
out put it a@murdl @uimbeegual trorgeedtaabasl) r om a predet erm ned voltage value to
0. Thereafter, every tine the frequency of the output signal input to the

i nt egr goeR6jbecones two or greater natural nunber tines as high as the
sanpling frequency, the voltage value of the signal output fromthe

i ntegrator beyagemelreqhéncytofian owitiSigna\iepuy td aiatdghgtof (iRegatioy uit) ihbeases
out put signal input to the integrator becones a nmultiple of the sanpling

frequengym 0 fd& saalpliag droqatnty, PholtdpR valugsta .«ﬁ%\m whtput aoht the intefraMT Aebreases
becomes 0 (see above literature 2 and FIG 5).
from a predetermined voltage value to 0. Thereafter, every time the frequency of the output
signal input to the integrator becomes two or greater natural number times as high as the
sampling frequency, the voltage value of the signal output from the integrator becomes 0. In
other words, every time the frequency of the output signal input to the integrator becomes a
multiple of the sampling frequency, the voltage value of the signal output from the integrator
becomes 0 (see above literature 2 and FIG. 5).
[0127]
The noise components mixed into the voltage signal during the amplification process in
the chopper amplifier unit become amplification signals having the chopping frequency and its
odd number multiples. |

[0128]

According to this construction, the chopping cycle and the sampling cycle are



[0127] The noi se conponents m xed into the voltage signal during the
anplification process in the chopper anplifier unit becone anplification

signal s [ choppi ng frequency and its odd numnbe ' [ 0128]
VR SETED S e A AT NS el synchr oni zed andﬁfﬁéﬁ%H@%%?ﬁb
frequency is the n-fold of the sanplingifrequency (where n is a natural
nunber

equal to.,or qreater.than 1). .Thus, .the .choppi frequency ,and i.ts
oda ruratinnied are Bedotin i tey b it arghe PR e s SRR iR 8 B e
at which the vo]tage val ue of the tput signal output fromthe integrator
D compomgiral pysber edual'd of greater Bon ) PHhpsy bR dhgesiek Sitancrcs i o SRSk  ng
frequency, or its odd nunber Jtiple is input to.the integrator
(i nt egriabitipes seincyde Witk theot 0, I aEnG andh s Buﬁms @w{s'lﬂal? theYqlizee valgmOf he
i nt egrat or becones 0. Therefore, noise conponents mxed in the voltage
si gnal thaonipyt sigeal oHpybiram the a¥ersafey beromes §- odd nunber nultiple are not
reflected on the output signal fromthe integrator. [0130] Hence,

t he noil9é2%¥%nponents nixed in the voltage signal fromthe sensor signal can

be accurately renoved. [0131] ) i )
Thus, even if a voltage signal having the chopping frequency or its odd number multiple

is input to the integrator (integration unit), the voltage value of the output signal output from the
integrator becomes 0. Therefore, noise components mixed in the voltage signal having the
chopping frequency or its odd number multiple are not reflected on the output signal from the
integrator.

[0130]

Hence, the noise components mixed in the voltage signal from the sensor signal can be
accurately removed.
[0131]

In the above construction, the sensor device may further comprise an oscillation unit
including a CR oscillation circuit composed of a resistor and a capacitor and adapted to generate
clock pulses which are used to actuate the chopper amplifier unit and the integration unit and
serve as a basis for a pulse signal (sampling signal) having the sampling frequency, and the
resistor and the capacitor of the oscillation unit may have the same temperature characteristics as
the input resistor and the capacitor of the integration unit.

[0132]

An amplification factor in the integration unit that operates on the pulses by the
oscillation unit is determined by a ratio of a resistance value of the resistor of the oscillation unit
to that of the input resistor of the integration unit. This amplification factor in the integration
unit is also determined by a ratio of a capacitance of the capacitor of the oscillation unit to that of
the capacitor of the integration unit.

[0133]



In the above construction, the sensor device nmay further conprise an
oscillation unit including a CR oscillation circuit conposed of a resistor
and a cap\gﬁizﬁﬁr/mg&g adapted to generate clock pul ses whipgh Bifotegsh t O
actuate the chopper anplifier unit and the integration unit and serve as a
basis for a pul se signal (sanpling sigsal-) having the sanpling frequency,
and the resistor and the capacitor.of the oscillatiogn it have.the
same tenpera 8r(€%tr°at5fse‘i”f1§tf‘i'°é’§ ey ‘Ff’éSt(?rnaﬁ@tth? &R ﬁ%rr &i’}hﬁ O%Tcﬁliané)gﬂ‘éléti Bagf of
the integration unit. [0132]. . An amplification factor. in the. .
|t egr A0 S MPCTALEE HBF RS aR teiBPArIuGT by bk GaRRCEDT bt BHeeiian yadt
determped by a ratio of a resistance value of the resistar of the

osci | | aLiSnwiER an dpepahicmaerithie R SeRsOE (evise chpnashoihe et Valias At the
This anpljfication factor in, the,;crcglitaegr ation unit is algo det erm ned(hfb a
ratio dfScillationyeit aad the iiegrationmifchangs by ther ameameynt apd Hie capacitanges e of
the capacitor of the integration unit. [0133] WO

2011/ 0 20sgilgterypnipaush e deagration unjpchange by the sameam¥thg to this constructi on,
the resistor and the capacitor of the oscillation unit have the sane

t enper d0?4H characteristics as the input resistor and the capacitor of the
integration unit. Thus, when an internal tenperature of the sensor device
changes, the Assiesulareyen ifgheinteradl temperatieg of the sensoudeviceghangasethe meatiquefahe on
unit change by the sanme anobunt and the capacitances of the oscillation unit
and t heeistaregralieorf thefesistonofi the dsypillatien waibto thapefrthe infpot @4istor of the intagragion
result, even if the internal tenperature of the sensor device changes, the
rati o ofnitdnd themtistod tiwecapatitaacodf thh capasgpsofthe oscillationamdt ththet iob theumapacitop
that of the input resistor of the integration unit and the ratio of the
capaci tafrtbe intbgriatien cajpatoi tatrchafge. hdhesdore] atchamgeuof thetamplHwatiof fache in the
capacitor of the integration unit do not change. Therefore, a change of the
anpl i f iiagptation uaiticad bé supphassedwhgr tht ilternahtempemturb ef theppnses dedcertimngtsdhe
internal tenperature of the sensor device changes. [0135] In the
above dom33]Jruction, the sensor device may further conprise an oscillation
unit including a CR oscillation circuit conposed of a resistor and a

capaci tor andnahapbed échsGeftivhaties shesrkddvideShay \Elitledt cdhpriss ad dscillatiéniahie

t he chopper anplifier unit and the integration unit and serve as a basis
for a putis@ingiadDRlosé¢ilatig din@litcogipabed dfaviesistot Bid 8 aafcitdgarld RgpRACy geridlet he
resistor and the capacitor of the oscillation unit have the sane el ectrical

char act @6dkSpilsss which Ree LWL dcBfateSinechappertdngplFrpamittAd t8é iktbgraliod afit ahd on
uni t.

serve as a basis for a pulse signal (sampling signal) having the sampling frequency, and the
resistor and the capacitor of the oscillation unit have the same electrical characteristics as the
input resistor and the capacitor of the integration unit.

[0136]

As described above, the amplification factor in the integration unit that operates on the
pulses by the oscillation unit is determined by the ratio of the resistance value of the resistor of
the oscillation unit to that of the input resistor of the integration unit. This amplification factor
in the integration unit is also determined by the ratio of the capacitance of the capacitor of the
oscillation unit to that of the capacitor of the integration unit.

[0137]
According to this construction, the resistor and the capacitor of the oscillation unit have

the same electrical characteristics as the input resistor and the capacitor of the integration unit.



[0136] As descri bed above, the anplification factor in the
integration unit that operates on the pulses by the oscillation unit is

det er m negoBYddisyskati 0 of the resistance value of the @%?h?&ﬁﬁm&&sihe
oscillation unlt to that of the input resistor of the integration unit

This anplification factor in the integmation unit is also determ ned by t he
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constru[%%@ the resistor and the capacitor of the oscillation unit have
048

WO 20171 PCT/JP2010/ 064852 - 33. Here, a sheet resi stance '
characterlstl glted as an exanpl e of the ﬁlectr cal cterlstuph
[0138] “T'hYY N grpEpFess ﬁ?f&f’é’é’é‘s“\%ﬁsl dyring the, magp CH’G’F‘E t Tmé“s‘s“’r of the

manuf acturjng of t (g resi st or of e. 0scCi IIatloBlunlt andaﬁ flg‘g )

resi st o‘?SCB'Fm?%mit AR 6&"&{11?‘6 ﬁeSEﬁﬁ‘i’rtOft hintgesation upit; the gsisfancsrv ‘We" the esistar obs
the CR oscillation circuit and that of the input, resistor  of

i nt egr abf &R enciltation sigeit sRd thakoftheinpatrsivtorat ﬁlafequgéatweéinsttqbﬁn@r byt the same
oscillation circuit and the input_resistor of the integration unit have_ the
sane el &meuit sigre hedewistorefthe (R ostillatian sireuit anddhe inpubresistor péthedntegraging anit
val ue of the resistor of the CR oscillation circuit to that of the input
resi st oravefthe rramieneleefrigali eharagtaristigio e Ehatefiore Hhp gatie o rthe fregistanesc salye of the
variation occurs during the manufacturing of the resistor of the CR

osci | | atesistor of theuCR oseidlatigrecirouito thatsdfsheinput reskéor aftthe infegration wit dogsougo]
Further, when a process variation occurs during the manufacturing of the
capaci tadwangd evdneif GRpweess| Vagiatiom ociurs duting e tiasufactueiog tobthefesister of the CR
integration unit, the capacitance of the capacitor of the CR oscillation
ci r cui tosaildtiomaircuof antdrtbe oppaesistor obthetihtegiatipegnit i on unit change by the
sane anount since the capacitor of the CR oscillation circuit and the
capaci t[@139f the integration unit have the sanme el ectrical characteristic.
Therefore, the ratio of the capacitance of the capacitor of the CR

osci | | ati on diurthet,twlien 4 p@cessfvarindor apas toringthet hemifadtedugndf tre capaditod @f s
not change even if a process variation occurs during the manufacturing of
t he capheiCRrosefllatibe diicuidsanid! that ¢capacitorr 6futhe Mnepritivn aripathet capacitanthief the
integration unit. [0140] Accordi ngly, a change of the anplification
factor dapaditee of HecQRaAIstillAtibNEikcuitedhdBatsofe egaeliorfaRe idteg@atiirO@fisshange by
variation occurs during the manufacturing of the resistor of the CR

osci | | athbaamei dficirt i@ the ecapiditth dfethe SCRI osefllatibe dirdhie Gidt the reagadifor UF the
process variation occurs during the manufacturing of the respective
capaci t@fegratfontuift Kadbe RS sdnhAtle@ficall dhatlicterBi€l 1TIRréfBFe BeAfatiBdf YR Eapacitance
of the capacitor of the CR oscillation circuit to that of the capacitor of the integration unit does
not change even if a process variation occurs during the manufacturing of the capacitor of the
CR oscillation circuit and the capacitor of the integration unit.
[0140]

Accordingly, a change of the amplification factor in the integration unit can be
suppressed even if a process variation occurs during the manufacturing of the resistor of the CR
oscillation circuit and the input resistor of the integration unit or a process variation occurs
during the manufacturing of the respective capacitors of the CR oscillation circuit and the
integration unit.

[0141]

In the above construction, the sensor device may further comprise a first storage and a



[0141] -WD 2011/ 025048PCT/ JP2010/ 064852 - 34 - second storage for
storing a data of the output signal converted into the digital signal in

the di gi t@h 5PMMEse! On unit; a cutoff portion for cutti @gﬂﬁ,ém@ﬁm%g put of
the voltage signal fromthe sensor unit to the chopper anplifier unit; a

selector for selecting in which of thesftiirst and second storages the data
of the output signal fromthe digital conversion unjt is tq.be stored; . a
cont r ol seeqnd; stprgee dan, stoFpe @ndaty of gf‘%P“tPHteS‘S{h’flp‘iﬂnvgﬂgﬁJn Hyto 312)% g’é?tf‘]eﬂg?ﬂt% PRe
digital signal in the digital conversion unit to be stored in the firs

st or agedigital Fonyrasien ugity a sutofh Eﬂﬁ“%%ﬁ%’éﬂl‘“ﬂ‘lﬁ ‘btjﬁtan SPut 9 tl&?uY‘gt?ﬁe 51‘g“f‘lhtté°’§‘}o¢'? age
signal fromthe sensor unit to the chopper anplifier unit and_the sel ec(tjor
caused SeBsos anisde therghoppgramplifisy upihea TdPr $REtgE D L‘#“‘g‘i ‘bfntg? figst Sﬁ‘? peren
digital conversion unit in the first storage and causing the data of th

out put storages! the datacafttbel optpubsighd fmmithedigyn CESIPT; YUt i t@i‘%ﬂaﬁtmegrﬁ/%?‘gi n
unit to be stored in the second storage wi thout the cutoff portion bei,n?
caused umit fartcansing tthe datat pfutheotutputesignsll capeertsdginty ther digitalgigaa nia ghe digitalt o

t he chopper anplifier unit and with the sel ector caused to select the

st or ageconfersive whitt o bé stomesl outheufirss stgrage Witlo the: pretofi peirtien caused de subaffhet
in the second storage; and a subtractor for calculating a difference _
bet weeroutpne afaha voltagesigml fiout thei sgnsoir usitdpdhie chopplee ampﬂﬁc:r wnib padytheaglectorat
of the output signal stored in the second storage. [0142] Accor di ng
t 0 thi scaasedstorselett the stotdpe ofl slieadatd of the ootpupsignal ifrpma thefdigital ichevedsion ugif in the
conversion unit is stored in the first storage with the output of the

vol t agefist goaige fandroaubieg shandatn afnthe output kignahcgvertediigbithe digitahsignaum e .
Further, the output signal fromthe digital conversion unit is stored in

t he secqipfalcoavesion hitho bt sfofal iauhdsdcond stbiuge wiithoagthesugnibportion brin eawseds or
unit to the chopper anplifier unit being cut off. Then, the difference

bet weengot dug offahé o@put Hfethe WoRkge siggil #lons thersetsor unithte thd cistppet anpliféer and andat
of the output signal stored in the second storage is calculated. [0143]

Thi s enghh e s6ct6tfintdid Sle@ith@ sBidetasfane datesfihe rougpudisigrabfromi thealigital
havi ng noi se conponents m xed therein and indicating a tenperature change

and a digivtRlonSiranaAl the BetionalstdtgeedAhY alsiBtra¥bsRr cORPRARE b Wiffdibtice, bdtwedrsthe
possible to obtain a digital signal having the noise.conponents inherent in

e 7SI SOREPHLAAR 3 Sl gt e
. nperature of an object
can be fmp&y a6GgLat el y measur ed._ .
[0142] '

According to this construction, the data of the output signal from the digital conversion
unit is stored in the first storage with the output of the voltage signal from the sensor unit to the
chopper amplifier unit cut off. Further, the output signal from the digital conversion unit is
stored in the second storage without the output of the voltage signal from the sensor unit to the
chopper amplifier unit being cut off. Then, the difference between the data of the output signal
stored in the first storage and that of the output signal stored in the second storage is calculated.
[0143]

This enables the calculation of a difference between a digital signal having noise
components mixed therein and indicating a temperature change and a digital signal indicating

only the noise components. Thus, it is possible to obtain a digital signal having the noise

components inherent in the sensor device removed and indicating the temperature change,



[ 0144] In the above construction, the sensor unit and the chopper
anplifier unit may be connected by a plurality of signal lines for

transmtt\j‘,ﬁ%hr/]ﬁsdﬁgl tage signal fromthe sensor unit; t??TFJH%(HT)/BM@ tion
may be a short-circuit switch for short-circuiting the plurality of signal

lines; the selector may be a changeover3®wi tch for connecting either one of
the fir C 0t el I unit; and the

cont rol aﬁlﬁfé ﬁaﬁ;f/e tggﬁlg F‘ie}gtgggl?:%lhtgcrtocpg?gg%ééﬁécgfﬁgyg%%k@ﬁ% cutof f portion
such thg;lllg‘re data of the output signal converted into the digital signal
in the digital conversion unit is stored in the second storage nore

frequently than . in the first storage. [0145] According. to this
constructi on, I’%'t Hie gbe(fvgcf%nr‘c’ﬁgﬁﬁmt ﬁ@géﬁ?%f ALPRY She 5?@"85&9%&%6’“&%&%&
the output signal is stored in.the second.storage nore. freguently than jn
the firSoomePist dger PR of Hend dind® £ Famifing 6 S lfR Sienn P Prbe Senset Apt
conver si,on .t is stored re freguently in the second storage w thout the
out put ¥ GuFRlt pastion Juex eyn ShOr-esrit MeEtehsfos SRORTRTEUITE UhecPILFYBH BF SIBRE esier
unit being cut off than in the first storage with the output of the voltage
si gnal fl}co?Fﬁ‘?olth way e 2 ghpneeeyer ﬁ’é‘t‘éhg(ﬁp@?nnﬁﬁﬁlg Fither QR ‘?tpﬁ’lf‘rt figst nd [sgqons}
Accordingly, the state where the, out(Put of the voltage signal fromthe
sensor SRFages b thealigital comyersipp unit; apd thsj qontrel uyit mypwibeyable, fosconteod the gederdor: | v
than the state where the out{)ut of the voltage signal fromthe sensor unit
to the ambPseutothportion spchthat thedatpoef thgougut signalicppyerted into thagligital signat in
the plurality of signal |ines connecting the sensor unit and the chopper
anpl i fi the digital eqnyersion| wais is stogsein the sicond -starageymoee] freguentlyf hae in the first
suppressing an increase of a | oad on the sensor device caused by

short - chPEgEt i ng the signal |ines connecting the sensor unit and the
chopper[Oalrlg]I ifier unit. [0148] WD 2011/025048PCT/JP2010/064852 - 36 -

According to this construction, the selector and the cutoff portion are controlled such
that the output signal is stored in the second storage more frequently than in the first storage.
Thus, the data of the output signal from the digital conversion unit is stored more frequently in
the second storage without the output of the voltage signal from the sensor unit to the chopper
amplifier unit being cut off than in the first storage with the output of the voltage signal from the
sensor unit to the chopper amplifier unit cut off.

[0146]

Accordingly, the state where the output of the voltage signal from the sensor unit to the
chopper amplifier unit is cut off occurs less frequently than the state where the output of the
voltage signal from the sensor unit to the chopper amplifier unit is not cut off.

[0147]

As a result, the plurality of signal lines connecting the sensor unit and the chopper
amplifier unit can be less frequently short-circuited, therefore suppressing aﬁ increase of a load
on the sensor device caused by short-circuiting the signal lines connecting the sensor unit and the
chopper amplifier unit.

[0148]



In the above construction, the sensor device nmay further conprise an
integration control unit; the integration control unit nmay execute a
control tWo96NGhate the out put signal integrated by the,i-pLedishiQ unit by
causi ng the operational anplifier to charge the capacitor by inputting the
out put signal output fromthe chopper -@éplifier unit to the |nvert| ng i nput

term nal during a predet erio never I|n e
which is an |1H3‘é"r§ VBFO‘ESEIé‘nb%‘hgt‘ Cg@g'lfg fg‘ﬁt Halcgd 31& ?IBFOIt 0
di schar e fter the |aps er 0 and execute nt r .ol

t er mi na P?‘Fﬁ&’é‘r"ﬁtcpgth‘ﬁﬁ‘rnbtd’é%yse’%ﬁnﬁ aé:og'dglttﬁégn?ff‘te th%ogagtp%gnaé f'g ?te‘é)m' put
fromth ¢chopp ifier it reac s a predeterm ned reference voIt e;
and t hel arrgrsratlorwﬂ%r spistng, topﬁworfﬁ L 1q PSP SPPAHPT Rt t%g
time until the end of the |ntegrat|on rocess ter the | apse of |

sanpl i riPtHErsiggl oyteyt diom the choppek ampl ‘Eiut“}ihf‘t a}h’ inyERIngRR Y SEINP “ﬁ“hg fhe
digital value as the digital signal. [0149] This construction is a
speci f i REcdaseraringst sareplings peripd Wepisay S%Dﬁl%cﬂé‘é&*ﬁﬂh@f ) ipyeEseaRfpthet sagwling e
present invention. Accordingly, effects brought about by the sensor device
accor difisiuencyoped saysing thef capagitqsr tesdipghargevalinritbe lenss Wefhe samphiag period 504
In the above construction, the integration control unit nmay cause the
capaci texecute adiogtrabiogerripate Ap iptegrption @rocssewhert @ voliageaefethp uipny signal slusmut  y
opposite to that of a voltage of the output signal output fromthe chopper
anpl i fifeomuthe tchiopperhamplifiesr wiihgedcherun predet¢rminedafaferened @oltagss andfthe [fagital
sanpling period. [0151] According to this construction, the

capaci t@nvesionheit map grchideontioei ieteafor pecaseringed ting rmtddhacgbOEtmoategtwon
reference voltage having the polarity opposite to that of the voltage of

t he outputess afierathe tapsgaf the semplilgepeariodpip ardigitgh ivalue @nd vniputting tho pleasuied ome he
inverting input termnal. [0152] In the above construction, the sensor

devi ce imake digithlhetuecsnin digitalasignakci | | ation unit WO

2011/ 025048PCT/ JP2010/ 064852 - 37 - clock pul ses which are used to actuate
the chojop49] anplifier unit and the integration unit and serve as a basis
for a pul se signal having the sanpling frequency; the resistor and the
capaci tor of THi¢cosautticit is@rspecifit comyrubaoteot the semae déwopadcatdiii€to one aspect
characteristics as the input resistor and the capacitor of the integration
unit; adicthé Presthttifedntibh ONAessttingly, Ufiedts BRyghtoaboupby etdedsdiGieied adbsiaingrtdi ng
of the capacitor of the operational anplifier based on the pul se signal.

one aspect of the present invention can be realized.
[0150]

In the above construction, the integration control unit may cause the capacitor to
discharge by applying the reference voltage having a polarity opposite to that of a voltage of the
output signal output from the chopper amplifier unit to the inverting input terminal after the lapse
of the sampling period.

[0151]

According to this construction, the capacitor of the integration unit can be caused to
discharge since the reference voltage having the polarity opposite to that of the voltage of the
output signal output from the chopper amplifier unit is applied to the inverting input terminal.
[0152]

In the above construction, the sensor device may further comprise an oscillation unit

including a CR oscillation circuit composed of a resistor and a capacitor and adapted to generate



[ 0153] According to this construction, effects brought about by the
above feature that the resistor and the capacitor of the oscillation unit

have the g8 llaﬁgagrat ure characteristics as the input ?i}ﬁﬁﬁﬁ/oéﬁ@gz t he
t I

capacitor o e Integration unit can be obtained. [0153 n the
above construction, the sensor device 18y further conprise an oscillation

unit ingl ydi a oscillation circui.t conposed of .a resistor and a.
capact t OPeRASe BT eesEincraelt iEciorpth Baa g il wiEE b Rerlon P g
t he chopper a Ii%ier %nit nggthetinte ration unit and.éerv BS. .2 bﬁsi§
for a pUiresd i fora oG sief] naxing he g fusncy: he TPadpung e sbagiar o
capacitor of_the oscill tionhunit may have the sang ele%tnical .
char act Bejoseiflation,unif may; haye the samestegiperaipre, gharacteristies; 35, thg Anpyl tesistorandythe o
unit; and the integration control unit nay control char in% aqd discharging
of the €3RRGiart &)y therinfagrationetnit Bidalhe intReration, cOpob #ngnmeY COBHPlsehasgig An’
[ 0155] . According to this construction, effects brought about by the
above fdisgharging phihe cppacitaceicthe ppyationahamplifieichasest onmthepylse sigaak | ati on unit
have the sane el ectrical characteristics as the input resistor and the
capaci tH53F the integration unit can be obtained. WO
2011/ 025048PCT/ JP2010/ 064852 - 38 - CLAIMS 1. A sensor device,
conpri sing: According tqdhisagpmstugtion; ieffacts Jyyeught rabent byiithe fabpvee faplure tthatgths
physi cal quantity into a voltage value and outputting a voltage signal
i ndi cat fesigtor lard ths| capgeitoy &ff the oscillation unit have the same temperature characteristics as the
input resistor and the capacitor of the integration unit can be obtained.
[0154]

In the above construction, the sensor device may further comprise an oscillation unit
including a CR oscillation circuit composed of a resistor and a capacitor and adapted to generate
clock pulses which are used to actuate the chopper amplifier unit and the integration unit and
serve as a basis for a pulse signal having the sampling frequency; the resistor and the capacitor of
the oscillation unit may have the same electrical characteristics as the input resistor and the
capacitor of the integration unit; and the integration control unit may control charging and
discharging of the capacitor of the operational amplifier based on the pulse signal.

[0155]
According to this construction, effects brought about by the above feature that the

resistor and the capacitor of the oscillation unit have the same electrical characteristics as the

input resistor and the capacitor of the integration unit can be obtained.



a chopper anplifier unit for generating a nodul ati on signal by chopping the
vol tage signal output fromthe sensor unit wth a predeterm ned chopping

frequencyy odgPldEykng the nodul ation signal into an ampbihleahibiss gnal
then dermodul'ating the anplification signal and outputting it as an output

si gnal ; an integration unit incl38di ng an operational anplifier for

anpl i fyi ng a voltage difference bet oltage at a non-inverting input
termnal and a voltage at an inverti E:S‘Epﬁﬁjt termnal, an input resistor

connected to the inverting input termnal of the oper ati onal anplifier and
a capacitor connect®HFS%IIST SIS rting i nput terminal and an out put
termnal of the oper i anal a lifier dadatedto sa

ST gnalout put ToIGHHE (dReecERD Sy g i oY Eag piEab BN G0 e filaeg

frequen and integrate the sa d oqutpu i gnal ; and a digital
conver SY% QUtH‘Bgng:ﬁ)ﬁ%léargFls}ﬂgT‘Hglcéﬁ?ﬁ)&f’ ft al‘i‘emt egrated by the

integration unit into a digital signal sensor devi ce accordl ng
to claimi1, fauehopeer aprlifiersyniyfor etemtingg mpealaeawlgaalj by chepping, the; voltage
adj usting the sanpli ng frequency 3. A sensor device according to

cl ai m 18iZRgh@ugaus from the sengog melﬂg acRredeteriaed: ghapping, frequency Ampliyme e
the choppi ng frequency and a sanpling cycle indicated by the reciprocal of
t he sanppdvlatian sigualinp 2y ampfication signal themdemodulating: the agmbifisating yigea dedcy
is an n-fold of the sanpli n? frequency (where n is a natural nunber equal
to or gewputting itsan optputsignal; 4. A sensor device according to claimi,
further conprising an oscillation unit including a CR oscillation circuit
havi ng a r esiastiotegetidn anit apdudingan oprdatihapamplifier fgeareplifyinga waltage diffesence
whi ch are used to actuate the chopper anplifier unit and the integration
unit anbbteesnvevaltage ab asios-ifiaarting pphstermpinghand b avitagy at he iswenig imguf teeginehcy,
wherein: WD 2011/ 025048PCT/ JP2010/ 064852 - 39 - the resistor and

t he capacidpat resistdrhepnnsaed tatheomverting inpwtetetrthimak afrthet epgpaticaalipmplifier and a
characteristics as the input resistor and the capacitor of the integration
uni t. capacitor connected between the inverting input terminal and an output terminal of the

operational amplifier and adapted to sample the output signal output from the chopper amplifier
unit at a predetermined sampling frequency and integrate the sampled output signal; and

a digital conversion unit for converting the output signal integrated by the integration
unit into a digital signal.

2. A sensor device according to claim 1, further comprising a sampling frequency
adjustment unit for adjusting the sampling frequency.

3. A sensor device according to claim 1, wherein:

a chopping cycle indicated by the reciprocal of the chopping frequency and a sampling
cycle indicated by the reciprocal of the sampling frequency are synchronized; and

the chopping frequency is an n-fold of the sampling frequency (where n is a natural
number equal to or greater than 1).

4. A sensor device according to claim 1, further comprising an oscillation unit
including a CR oscillation circuit having a resistor and a capacitor and adapted to generate clock
pulses which are used to actuate the chopper amplifier unit and the integration unit and serve as a

basis for a pulse signal having the sampling frequency, wherein:



5. A sensor device according to claim1, further conprising an oscillation
unit including a CR oscillation circuit having a resistor and a capacitor

and adaptwe Jbhf/@sngrate clock pul ses which are used to agupiRb8sChopper
anplifier unit and the integration unit and serve as a basis for a pul se

signal having the sanpling frequency, -W8erein: the resistor and the

capaci tor of he 4861 lLAt oMo BY Shd A SEChEC Mhe SAAE AGRBLIAkE CS

as the input resrs and e ‘capac egration uni

sensor device. according to .an f clai 1.1 . further conprising: a
first st 8?5%85@?%’8éﬁeslé’ggtnrasl O}cﬁirlrgd;@et% 3 acét? ro{)?tﬁa ma'{g%g rh lgl*l{t he output signal

converted into the digital signal i.n the.digital  conversi.on _unit.. .. .

cutof f portioh for ALUTEPRICRFT ackordie JoEIBR brArET PmRTNE Al Ssrilafien pai

sensor unit.to the chopper. anplifier unit; .. a selector for selecting

the 11 ribfludingadoR SslRRE Gl havinedt et e cupsiafbind st ko efrerfEcBek pus

signal fromthe digital conversion unit;. .. . control unit for causing

Lhe. datRHISSH Wb 45t Bk io af Atk g ghRAEFt wnbliiar gnitiad Hhegniearation giijang Rervp s 2

di gi tal, conversion .uni g to be stored_in the first storage with the cutoff

por t i orPasisfeiPyles signal bpying the smphine fAuency WhirelBye signal fromthe sensor

unit to the chopper anplifier unit and the sel ector .caused to select the

storage of tHBe gasistopfandy dhey apagitos ofndhe rasgitlation wihihaye thenvame; dertusalt

in the first storage and causing the data of the output signal converted

i nto t Hhawickristes asithmiaput resistopary e capacitenofdhe ineeration unib be stored in the

second storage w thout the cutoff portion bei ggq_caused to cut off the

out put of thé.vol t dyeensorgisice fapenrdingdo awsnensy of phaims lgo ShErhrbepeprisng| i f i er

unit and with the selector caused to select the storage of the data of the

out put si gnala firsbstorape aril gisecond stonagerfor staring p datarpfitheowpeiongnal convarfed indpd

a subtractor for calculating a difference between the data of the output

si gnal the digitdl Signal freth idigital convessgen emiti t hat of the output signal stored in

t he second storage. 7. A sensor device according to claim®6,

wherei n: WO aXfutdff pa5iod SRCTtIR T 8n 064860f the voltage signal from the sensor unit to the
chopper amplifier unit;

a selector for selecting the first storage or the second storage to be stored the data of the
output signal from the digital conversion unit;

a control unit for causing the data of the output signal converted into the digital signal in
the digital conversion unit to be stored in the first storage with the cutoff portion caused to cut
off the output of the voltage signal from the sensor unit to the chopper amplifier unit and the
selector caused to select the storage of the data of the output signal from the digital conversion
unit in the first storage and causing the data of the output signal converted into the digital signal
in the digital conversion unit to be stored in the second storage without the cutoff portion being
caused to cut off the output of the voltage signal from the sensor unit to the chopper amplifier
unit and with the selector caused to select the storage of the data of the output signal from the
digital conversion unit in the second storage; and

a subtractor for calculating a difference between the data of the output signal stored in

the first storage and that of the output signal stored in the second storage.

7. A sensor device according to claim 6, wherein:



- 40 - the sensor unit and the chopper anplifier unit are connected

by a plurality of signal lines for transmtting the voltage signal fromthe
sensor Ur\ivb;zohf/]ﬁsﬁﬁt off portion is a short-circuit swtehrfiB5010/064852
short-circuiting the plurality of signal |ines; thre selector is a

changeover switch for connecting eitherd0one of the first and second

cont rots t e BEpeisOhILa B ShSRh PPl rore compeptsd bV AR SRH e st ines
out put tsi nal converted into LFe 3 ital si.gnal in the digital conversion
uni t is°§?‘6?%l‘“i“}g hEoKEE S aster bgser?ﬁ?re““flgequently than in the first

st or age. 8. A sensor device accordi o claiml, further .
conpr s g arthp R RPN 1 gttt S ite R sport-cirulting i, Peraliotpige
control unit executes a control to generate the output signal integrated by
the i nt’é‘@ﬁséti on unit by causing the operational anplifier to charge the
capacitor by inputting the output signal output fromthe chopper anplifier
unit to the itheSelerial s Aphangeaveh syatchqtor jcagnectipe sitbeepPrs Ak thesHshrnd gesoddi od
in every sanpling cycle which is an inverse of the sanpling frequency and
causi ngSteregesctatbedigial qopversigpwaitgandaf t er the | apse of the sanpling period
and executes a control to term nate an integration process when a voltage
of the out putthgicgniael wnit pentraly the salectarhandpdie catgst ipprtion sweh tthatcthe iata of the
predet erm ned reference voltage; and the digital conversion unit

i ncl udeeutputt sigeal meneertddointentlas digitaly signali methgrdigitalt ¢paversipnotinit ffestoradeigr Biei on
process after the |l apse of the sanpling period in a digital value and

out put t seagnd $terage avue Hdquentty tham ih ithe filispstomge.val ue as the digital signal.

9. A sensor device according to claim8, wherein the integration control
unit causes the capisérsor dévicedicsetdingye dimahflusthergomipeisingfapristegmtion comtgs
having a polarity opposite to that of a voltage of the output signal output
from t henighdepdn: anplifier unit to the inverting input termnal after the

| apse of the sampling period. 10. A sensor device according to
claim8 or 9,tht tntegretiorcconmol aningxarntes aciohiral to@eneraicetthe outputkigrgnl intéfRated by
oscillation circuit having a resistor and a capacitor and adapted to

gener at ghe integration unit by causing the operational amplifier to charge the capacitor by inputting the

output signal output from the chopper amplifier unit to the inverting input terminal during a
predetermined sampling period in every sampling cycle which is an inverse of the sampling
frequency and causing the capacitor to discharge after the lapse of the sampling period and
executes a control to terminate an integration process when a voltage of the output signal output
from the chopper amplifier unit reaches a predetermined reference voltage; and

the digital conversion unit includes a time meter for measuring a time until the end of
the integration process after the lapse of the sampling period in a digital value and outputting the
measured time in the digital value as the digital signal.

9. A sensor device according to claim 8, wherein the integration control unit
causes the capacitor to discharge by applying the reference voltage having a polarity opposite to
that of a voltage of the output signal output from the chopper amplifier unit to the inverting input
terminal after the lapse of the sampling period.

10. A sensor device according to claim 8 or 9, further comprising an oscillation

unit including a CR oscillation circuit having a resistor and a capacitor and adapted to generate
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11. A sensor device according to claim 8 or 9, further comprising an oscillation
unit including a CR oscillation circuit having a resistor and a capacitor and adapted to generate
clock pulses which are used to actuate the chopper amplifier unit and the integration unit and
serve as a basis for a pulse signal having the sampling frequency, wherein:

the resistor and the capacitor of the oscillation unit have the same electrical
characteristics as the input resistor and the capacitor of the integration unit; and

the integration control unit controls charging and discharging of the capacitor of the

operational amplifier based on the pulse signal.



