6 SER.2006 *166166* MODULATION Cl RCU T FOR W RELESS | NSTALLATI ON
BACKGRQJNDB@ mm | ON The present invention relates to a qusgﬁ?dngn
circuit an M y to a nodulation circuit used in 5 a di

nodul ati on sten1 ,0or a wireless installation. The conventional frequency
nmodul ati on C|rch|t has a band restrittion filter and a nodul ator.

Modul ation data ar [ CIrCUIt. The received

nodul ati on data ar e%%&#%%%%?% HEEIH PETALLATION pand of
the nodul ation data is restricted by the band restriction filter. The band
restriction data are input BBCKERBOHNBUCHt BHEJINUENTEONANp| i tude of the
band restriction data is changed according to a change of an anbi ent
tenperature andrRelprpewnt sHpBhyival kagateEUEbhgr mbRgigedehat or influences
a nodul ation factor of the nodulation circuit according to the anbient

t enper at ur eichahgeandhpaetarcelarhg teooavaotiidaakohr equensy oeddl ahi on
circuit would not keep a constant nodul ation factor. 20 SUMVARY OF THE

| NVENTION Fhdightent noduilstdehi sgdtien fhe andeépehdent iokamddatiBane
optional features of the invention are defined in the dependent clains.

The nodul ati on EhecaeprventieeaprEsedpeney armdwla tiegn @5 deldp hmscenst ant

nodul ation factor regardl ess of the change of the anbient tenperature and
the power R8Pl yestbi¢hien filter and a modulator. Modulation data

are send to the modulation circuit. The received
modulation data are input into the band restriction

10 filter. A band of the modulation data is restricted by the
band restriction filter. The band restriction data are
input to the modulator directly.

Amplitude of the band restriction data is changed

according to a change of an ambient temperature and a

15 power supply voltage. Further the modulator influences a
modulation factor of the modulation circuit according to
the ambient temperature change. Therefore, the
conventional frequency modulation circuit would not keep

a constant modulation factor.
20 SUMMARY OF THE INVENTION

The invention is defined in the independent claims.
Some optional features of the invention are defined in
the dependent claims.
The modulation circuit of the present invention may
25 keep a constant modulation factor regardless of the
change of the ambient temperature and the power supply
voltage.

A modulation circuit

MO

*G00002*



A nodul ation circuit *@00002* 0 6 SEP 2006 2 includes a band
restriction filter, an attenuator, a nodulator, a reference voltage
generator, a conparing reference voltage generator, a voltagg %gpgmﬁator,
and an attenuator controller. The band restriction filter recelves ‘
nmodul ati on data. The attenuator is conngcied to the band restriction
filter for adjusting its attenuation in response to an attenuator control
signal. The reference voltage generator is connected to the attenuator for

Clpply VOV & TPt CEt b - Rt boNTRr | 7 TEFEPRREEE VBl Lage
t t di
conpar i nd' B ErEHce %%%Pefgﬁ?%ﬁ‘fég%ﬁd%%#%%“%&rgegiéﬁ%%%‘éiﬁ%p{ e power

supply Vald @g€ancd Rfo TR ag%@ﬁefétoﬁoné‘%éfgaéé’ é&ﬁpafae@ﬂaéﬁa afhe vol tage
15 conpar at or I's connected To the attenuator and the conparing reference

vol t age gonedrlifiol GokOFPRILNY R AR r IR RIe A oed g Midd a
vol tage of an output of the attenuator and generating a conparison signal

based on mdeulaonigmardsesn. e atttemeiterr dentaalrdertdd womiectethd o t he 20
attenuat or and the voltage conparator for generating the attenuator
control sieptatidmiomshbhser t fot hedionping sbhs stgmakat BRr B DESORMPTEON OF

THE DRAW NGS 25
to an attenuator control signal. The reference voltage

genefator.is connectea to the attenuator for providing a
reference voltage independent of a temperature and a power
10 supply voltage to the attenuator. The comparing reference
voltage generator is connected to the reference voltage
generator for‘providing a comparing reference voltage
independent of the temperature and the power supply voltage.:
The modulator is.connected to the attenuator. ‘The letagé
15 comparator is connected to the attenuator and the comparing
reference voltage generator for comparing the comparing
reference voltage with a voltage of an output of the
attenuator and generating a comparison signal based on the
comparison. The attenuator controller is connected to the
20 attenuator and the voltage comparator for generating the
attenuator control signal in response to the comparison

signal.

BRIEF DESCRIPTION OF THE DRAWINGS
25
While the specification concludes with claims

particularly pointing out and distinctly claiming the subject



Wil e . the. specification concludes with clains particularly pointing out
and distinctly claimng the subject 0 6 SEP 2006 - 3 nmatter which is
regarded as the invention, it is believed that the invention{gtSaR 2806j ect s,
features and advantages thereof will be better understood fromthe
foll ow ng description taken in connection with the acconpanying 5 draw ngs
in which: Figure 1 is a block circuit & agramof a nodulation circuit
according to the first enbodi ment of the present invention; Figure 2 is a
circuit diagramof an output circuit 10 of a band restriction filter shown
in Fig hatEeguyBidni Ssareyhediet disaghamiofedtiald enuatiey dowved n Fig. 1;
Figure 4 is a waveform di agram showi ng signals appeared in the nodul ation
circuit; thatFther énbensianpatheabbgrlcarged eatvefey mchadvasttamges in Fig. 4;
Figure 6 is a graph showi ng a tenperature dependency of an input signal DC
vol t age bherhefnwdllaber batterdiungers tooke frevorrdieerisddiowimy of t he present
invention; and 20 Figure 7 is a graph showing a tenperature dependency of
an out puflesrgartipe fakeagdnofonRECALEEN WAt thce T FMPAY1iche second
enbodi ment of the present invention. DETAILED DESCRI PTI ON OF THE PREFERRED
EVBEDI MERFF8WingSpiaf WPA&H ‘enbodi ments of the present invention will

Figure 1 is a block circuit diagram of a modulation
circuit according to the first embodiment of the present
invention;

Figure 2 is a circuit diagram of an output circuit

10 of a band restriction filter shown in Fig. 1;

Figure 3 is a circuit diagram of an attenuator shown
in Fig. 1;

Figure 4 is a waveform diagram showing signals
appeared in the modulation circuit;

15 Figure 5 is a partial enlarged waveform chart shown
in Fig. 4; |

Figure 6 is a graph showing a temperature dependency
of an input signal DC voltage of the modulator according to
the second embodiment of the present invention; and

20 Figure 7 is a graph showing a temperature dependency
of an output signal DC voltage of the attenuator according to

the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
25
Preferred embodiments of the present invention will

hereinafter be described in detail with reference to the



her ei.naft.er be described in detail with reference to the 0 6 SEP 2006 - 4
acconpanying drawi ngs. Figure 1 is a block circuit diagramof a nodul ation
circuit according to the first enbodi ment of the present inv?ﬁggmeBS
Modul ati on data sent from an outside of the nodulator circuit are received
at a nodul ation data input termnal 1. The received nodul ati on data are
send to a band restriction filter 2- A band of the nodulation data is
restricted by the band restriction filter 2. The band 10 restriction data
are sent to a nodulator 4 through an attenuator 3. The attenuator 3

Contr°|sa@€Bh§5ﬂg?p§fdr h&g%gation in response to an attenuation control
m  an

signal fro nuator controller 7. A reference potential generator 8

outputs a constam k% rnefier ened ol tagRJRIAIHASEN Ut & Glendfon
anbient tenperature and a power supply voltage. The reference potential

gener at oki8cpheviedesriiagcenstaert frielser entoMaldntgof tthd heraidmnuat or 3
and a conparing reference potential generator 9. The conparing reference

pot ent i aingenefiahor 9 20 provides a constant conparing reference potenti al
to a voltage conparator 10. There is a predeterm ned potential difference
bet ween t he conpiMoidhg atdfcer sleda Ferdnticdm @nd outefiglere PYw ential . The
potential difference. equals to an anplitude (a _difference between a peak
and a DCMpdudproat cimcps togrguresiegvad Gt Phaosiiletirodatsafiguty
Calibratk%@m%%aln%ﬁti8ﬂgdrggggggé modulétion.data are send to a band
restrictioﬁ filter 2. A band of the modulation data is
restricted by the band restriction filter 2. The band
10 restriction data are sent to a modulator 4 through an
attenuator 3.. The attenuator 3 controls amplitude of
attenuation in response to an attenuation control signal from
an attenuator controller 7.
A reference potential generator 8 outputs a constant
15 reference voltage regardless of a change of an ambient
temperature and a power supply voltage. The reference
potential generator 8 provides the constant reference voltége
to the attenuator 3 and a comparing reference potential
generator 9. The comparing reference potential generator 9
20 provides a constant comparing reference potential to a
voltage comparator 10. There is a predetermined potential
difference between the comparing reference pbtential and
reference potential. The potential difference eqguals to an
amplitude (a difference between a peak and a DC level) of an
25 output signal of the attenuator 3 after a calibration as

mentioned bellow.

The voltage comparator 10 compares a voltage of the



The vol t age conparator 10 conpares a voltage of the 0 6 SEP 2006 5
conparing reference potential provided by the conparing reference
potential generator 9 with a voltage of an input signal of tpg §Fpdgigat or
4. The voltage conparator 10 outputs a conparison signal to the attenuator
controller 7. 5 A data generator 6 generates calibration data in response
to a control signal output froma controller S. The data generator 6
provides the calibration data to the band restriction filter 2. A

nodul ation calibrating start signal input termnal 11 receives a

nodul ation calibrating start 10 signal. The controller is connected to the
nDduIatiSHmpééPP§r§€¢%§e§F$rP°§F gpﬁiﬁ5@WHQﬁé% altheL CPRATHARSG  gener at or

6 and the voltage conparatqr 10. The contr.oller 5..contral s _op i on
timngs. *§ eFﬁBg(ﬁ’aP&te&ér’f?ﬁ‘atggpegaé:r?(f ?"hé”l%\%l"t é’é’&tt?(%%pa&ataonr tJ'ased on

the modulatlgh ¢3! Lhkakine Lech all 2hangbiELgR EBfoAPAULA! 1 AN SCRGAL I Ng

start sign i nput” term nal Fi gure circurt diagram of "an out put

circuit aOthBgrgé%% I8 3haICHOR Hd lft®lenfiatbie UHUMY1 G cuit is  known as-
a folded cascode anplifier. 20 The output circuit includes three current

soursces  C201, CR0Zand JeiFatdaurs NXe Ad eS| & Ditsr AN n M2, 1iMN203  and
N204, two PMOS transistors P201 and P202, a pair of differential input

t er m nal $e2ponard t22a adhita®lt erignadl RFpwrr Howera supEno tlesrmi hHal ™24 and
an output termnal 25. The 25 differential input termnal 21 and 22 are
connect edatta gahesatoflr therdViSes die stedridmtiibrath 0D thasgeand vel y.

Dr ai ns
restriction filter 2. A modulation calibrating start signal

input terminal 11 receives a modulation calibrating start

10 signal. The controller is connected to the modulation
calibrating start signal input terminal 11, the data
generator 6 and the voltage comparator 10. The controller 5
controls operation timings of the data generator 6 and the
voltage comparator 10 based on the modulation calibrating

15 start signal from the modulation calibrating start signal
input terminal 11. |

Figure 2 is a circuit diagram of an output circuit
of the band restriction filter 2. The output circuit is
known as a folded cascode amplifier.

20 The output circuit includes three current sources
€201, C202 and €203, four NMOS transistors N201, N202, N203
and N204, two PMOS transistors P201 and P202, a pair of
differential input terminals 21. and 22, ‘a bias terminal 23, a
power supply terminal 24 and an output terminal 25. The

25 differential input terminal 21 and 22 are connected to gates
of the NMOS transistors N201 and N202, respectively. Drains

of the NMOS transistors N201 and N202 are connected to an



of the NMOS transistors N201 and N202 are connected to an O 6 SEP 2006 - 6
i nput of a current source C201. An output of the current source C201 is
connected to ground. Inputs of current sources C202 and C203 @éﬁﬁ gﬁ nect ed
to the power supply termnal 24. An output of the 5 current g 02 is
connected to a drain of the NMOS transistor N201 and a source of a PMOS
transi stor P201. An output of the curment source C203 is connected to a
drain of the NMOS transistor N202 and a source of.a PMOS transistor P202.
Gates of the PMOS transistors P201 and P202 are 10 connected to the bias

ter m nal ; g3, Acdr ai 0.0f Lite BNCR. 1hasi Sar oB201.1 seconueatedebe gates of

t he NMOS ansrstors and a drarn ansi st or

N203. A odrain. cobithe BURRELkaRSIS! grdfedR and a drain of the NMOS
transi stor N204 are connected to the output termnal 25. 15 Source of the

NMOS transi st ors iNgR ard MAH4-adite Lafiasd exRdD argl ool akhe differenti al
signal input termnals receive differential output signals output froma
filter (pohnshewed) to tThe pokeut stippdy tteconverlt 24.heAdi bhiepant bdl taegnal s
into a 20 singl e-ended signal. The single-ended signal is output from the
out put t epmirealt 26urTle C3URpUE tommiardledR3d @ caigctedd the NS nput of t he
attenuator 3. A power supply voltage is applied to the power supply

t er mi nal tzansigeopi ¥20flepichal sovecs wds aa BICE Wiagirdistox Al of Athe
output circuit (fol ded 25 cascode anplifier) is determ ned by the bias

si gnal . OPitBYfeod {thea CHrFeHtt SPUEGramadR tife MG AD Lo a drain of

the NMOS transistor N202 and a source of a PMOS transistor
P202. Gates of the PMOS transistors P201 and P202 are
10 connected to the bias terminal 23. A drain of the PMOS
transistor P201 is connected to gates of the NMOS transistors
N203 and N204 and a drain of the NMOS transistor N203. A
drain. of the PMOS transistor P202 and a drain of the NMOS
tfansistor N204 are connected to the output terminal 25.
15 Source of the NMOS transistors N203 and N204 are conﬁected to
ground.
The differential signal input terminals receive
differential output signals output from a filter (not shown).
The output circuit converts the differential signals into a
20 single-ended signal. The single-ended signal is output from
the output terminal 25. The output terminal 25 is connecfed
to an input of the attenuator 3. A power supply voltage is
applied to the power supply terminal 24. - The bias terminal
receives a bias signal. A gain_of the output circuit (folded
25 cascode amplifier) is determined by the bias signal.
Figure 3 1s a circuit diagram of the attenuator

shown in Fig. 1.



shown.in Fig. 1. 0 6 SEP 2006 - 7 The attenuator has six resistors Rl-R6
(or 36) and five NMOS transistors T1-T5 (or 35). The resistors R1-R6 are -
connected in series. One end of series connected resistors. (3B5EPoLNEE
termnal of the resistor R) is connected to a 5 reference potential input
termnal 33. The reference potential input termnal is connected to the
reference potential generator 8. The dther end of series connected
resistors 36 (the other termnal of the resistor R6) is connected to an
input termnal 31 and output termnal 32 of 10 the attenuator 3. The input

terminal 31 is cepregtednhigtbRehaBardxr eslsfiistlor@n Rii-REr (o 38e aid put
termnal 32 is connected to the nodul ator 4. The NMOS transistors Tl-T5
are connegctednmost beansestster $1R25RGorr 8Spect Thel yeskotoexaRpHRF arsour.ce
and a 15 drain of the transistor Ti are connected to both ends of the

resi st orctBne€atdsinf sehéesrardnstend G5 serbévecannegtednuasdstosvat rol
signal output fromthe attenuator controller 7 shown in Fig. 1. So, the
gat es of 36héoner hasminatso8stheerealibé@ra8lan it cORBECEHECEH Pol term nal
20 34. The atternuator controller 7 is connected to th% attenuat or control
t er fi nal refRESRES| BOBPELRELRENRHTe LRERLERANCEs oF R82BELBRARCE 804 ohns, 412

hns, 215 ohns, 115 ohns d.64_ohns, tively. Si h of th
?rgﬁsistB?gegg}?% HagugsEggpé§9§?ég§89né%%E%§0k¥?&ﬁeo I ﬁ%%ﬁi& s?anceg of

the resiStorge; R Bnb2algl 8IeansUsmas 8931885412l  cIhfeLEalSt ances of

resistors 36 (the other terminal of the resistor R6) 1is
connected to an input terminal 31 and output terminal 32 of

10 the attenuator 3. The input terminal 31 is connected to the
band restriction filter 2. The output terminal 32 is
connected to the modulator 4.

The NMOS transistors T1-T5 are connected to the

resistors R2-R6, respectively. For exampie, a source and a

15 drain of the transistor fl are connected to both ends of the
resistor R2. Gates of the transistors 35 receive an
attenuator control signal output from the attenuator
controller 7 shown in Fig. 1. So, the gates of the
transistors 35 are called as an attenuator control terminal

20 34. The attenuator controller 7 is connected to the
attenuator control terminal.

The resistors R1-R6 have resistances of 3261 ohms,

804 ohms, 412 ohms, 215 ohms, 115 ohms and 64 ohms,
respectively. Since each of the trensistofs T1-T5 has a

25 resistance, a proportion of the resistances of the resistors
R1-R6 is not ideal such as 69:16:8:4:2:1. The resistances of

the resistors R1-R6 are determined by the following steps.



the resistors R1-R6 are determ ned by the follow ng steps. 0 6 SEP 2006 -8
First, a current at the output termnal 25 shown in Fig. 2 is neasured.
(120 uAp-p) Then, the attenuator 3 is in condition of minimum Th&SEP 2006
all of the transistors 35 are OFF states. Under a typical anbient
condition, an anplitude 5 voltage of a signal output to the nodul ator 4
shown in Fig. 1 is calculated as 390 gVvp-p. A total value of a sumof six
resistances is calculated fromthe current and the voltage described
above. Finally, the total resistance value is divided into proportions of
1% 2% 4% 8% and 16% . 10 Therefore, . anplit.ud fo an out put af t .
attenuat bF 5%caft “HFtERGaPE i??/%et 8u§?%twtteﬁm§nﬁ’ﬁt %ﬁr’ SPOT8 |gFch%Lrgé L?eilsS a
wavef orm di show j | p i lagi circuit during
a calibr Ié‘?f%ﬁ?%%eﬁy\%?gﬁﬁégggf srg_l%gl i _r%??%%ﬁs%ét@g#gnalws input to the
15 nmodul ati,ga+¢ahi Brakh Rgmskar tTahgnak, | APYt okerAbNakaAlitRersCaki Brat i on
operation Is started. The data generator 6 outputs calibration data to the

band respfichianeki.l t@hdEri & tyBsQNSEMboehbecprliseioAl bhabmpilikudehe
attenuator controller 7 is reset by a signal output fromthe controller 20
5 (Bot shrommabe bifga $)ignaie oaitpertuaiootheomodulllatror7 4 gérewaties iy . 1
attenuat or control signal that nakes an attenuation of the attenuator 3

m ni num by thécnéseed Fse39%amVirat.i oA Hatalaveldel afed whwnoift spxsses
through the band restriction filter 2. Therefore, a cycle of the

cal i brat resigsanges $5ogRd ChidadeehSrgm Ité*lﬁgtqulrr?rtteﬁ%%/ dthg e ldaias .

Figure 5 is a partial enlarged_waveformchart shown :
described above. Finally, the total resistance value is

divided into proportions of 1%, 2%, 4%, 8% and 16%.
10 Therefore, amplitude of an output of the attenuator 3 can
attenuate 1% to 31% with a pitch of 1%.
Figure 4 is a waveform diagram showing signals
appeared in the médulation circuit during a calibration.
When a pulse of a calibrating start signal is input to the
15 modulation calibrating start signal input terminal 11 the
calibration operation is started. The data generator 6
outputs calibration data to the band restriction filter 2 in
response to the pulse. At that time, the attenuator
controller 7 is re;;t by a signal output from the controllexr
20 5 (not shown in Fig. 1). The attenuator controller 7
generates an attenuator control signal that makes an
attenuation of the attenuator 3 minimum by the reset. The
calibration data are delayed when it passes through the band
restriction filter 2. Therefore, a cycle of the calibration
25 data should héve enough length in terms of its delay.
Figure 5 is a partial énlarged waveform chart shown

in Fig. 4. After the calibration data rises and a filter



in Fi.g. 4. After the calibration data rises and a filter 0 6 SEP 2006 9
del ay and an operation margin were passed, the controller 5 outputs a
vol t age conparator operation timng sighal to the voltage conpﬁﬁdﬁﬂﬂm%o.
The vol tage conparator 10 conpares a voltage of the output signal of the
attenuator 3 with an 5 out put voltage of the conparing reference potenti al
generator 9 in response to the voltag@ conparator operation timng
signal. One pul se of the voltage conparator operation timng signal is
output in a cycle of the calibration data. The output voltage of the
conpar i ngel gfengAcanpepepbitabngpaeyahowete Baisseliepthien cantandtlant Sy t he
reference potential generator independent of the tenperature and the
process gatpatisoa. vAltageukbmphrihervobeageiconpamisgn siigngdntta dhehe
attenuator controller 7. The attenuator controller 7 changes the
at t enuat vplteger obmpayasbri A0k esPomsecl LARYReCOBPRBYECT 5L 0RPEPREBA Resul t.
In the first enbodi nents, the attenuator control signal is changed in six
times. THattpge phethBovBtRENt SéABAL SfepbapstrONELLEd 3 W™ 3 nes. A
ugtor,_contro

nunber of reBeat éines i§ ual to a nunb%r of the %tt n
oigfal | ABEPUSOVPALAERAPIpIERE SREPSEIREyEPLSFPIEfe DX COTIS 0PSBGS

[ | k ' i ON h . Te O
States ab &R FRPEPAPSsER S0P NG SEPEn QAT LE5arT GPFEF LT Fatany th

t he“attenua contro reset), the
att enuat gg ﬁgﬂtroén ! ”féeSQQULHebGOEP gedoph¥aeari BpEi¥eibhmesmifBat is,
a nunber ~of repea %lﬁ%s can be equa Q?o a nunber of ?he at t enuat or
control gigRah kBPWLtput in a cycle of the calibration data. The

output voltage of the comparing reference potential generator
10 9 is kept in a constant by the reference potential generator
independent of the temperature and the process variation. A
result of the voltage comparison is sent to the attenuator
controller 7. The attenuator controller 7 changes the
attenuator control signal in response to the voltage
15 comparison result.

.In the first embodiments, the attenuator control
signal is changed in six times. That is, the above mentioned
steps are repeated in six times. A number of repeat times is
equal to a number of the attenuator control signal input

20 terminal plus one.

However, if the attenuator control signal makes
transistor T1 ON state and the other transistors T2-T5 Off
states at an initial state (the attenuator controller is
reset), the attenuator control signal should be changed only

25 in five times. That is, a number of repeat times can be

equal to a number of the attenuator control signal input

terminal.



term.nal.. 0 6 SEP 2006 10. In the present enbodi nent, the attenuator
controller 7 changes one signal within five attenuator control si gé
input termnals during one voltage conparison cycle. That is, éﬁﬂ '%H@B
NMOS transistors 35 is determned as OV OFF state 5 in one voltage
conparison cycle. An order of the transistor 35 is determ ned according to
an obtained attenuation. In the aboveiprocedure, 32 kind of attenuation
can be obtained. As nmentioned above, the frequency nodul ation circuit of
the first enmbodi ment of the present invention can keep the 10 out put

oot he e o e SRt Heedt AAONRLAN | MR SIdE Ao N RONBT SUPP!Y

vol tage and the ien enperature Si nce age

att enuat 9r RACLLRC Ol RULALY! (390104 R%ea%@ﬁ‘fétr& r@a‘r&rﬂceslra{a@ptl al

generator are conpared. e secon ment of the present i1nvention is

15 her ei RaLLRr tdeaEhaned dub ngh@rd mt%@éo%@amgdw driles engaapotigt i al
gener at or provi des a constant vol tage i ndependent of the tenperature. In

t he secosdeerifodheemvost e ahefietenee 3 5gdre It riFd \H e AR | 4 wgee depend
on the tenperature. 20 Further, in the second enbodinment, a nodul ation
factsor ofint be uilfiaiesicpmplardfsonheymicul afor o4des olfanbed tdependtor t he
tenperature when a DC voltage of the input signal of the nodulator 4 is
const ant 35Aisedipteamineddeperdeiag @fo tahﬂe obwimed egdigraa torpt ackortled t he
nodul ator 4 is ]known 25 previously. a tenper ature dependency of the

out put FPVEgPIEr et & efier &idd &ﬁt qeéluad'elr%? sy e i PR ed

As mentioned above, the frequency modulation circuit
of the first embodiment of the present invention cén keep the

10 output amplitude for the modulator in a constant independent
of the power supply voltage and the ambient temperature since
the output voltage of the attenuator and the output voltage
of the comparing ieference potential generator are compared.

The second embodiment of the-present invention is

15 hereinafter described.

In the first embodiment, the reference potential
generator 8 provides a constant voltage indepeﬁdént of the
temperature. In the second embodiment, the reference
generator 8 provides a voltage depend on the temperature.

20 Further, in the second embodiment, a modulation factor of the
output signal of the modulator 4 is changed depend on the
témperature when a DC voltage of the input signal of the
modulator 4 is constant. A temperature dependency of the-
output modulation factor of the modulator 4 is known

25 previously. So, a temperature dependency of the output
voltage of the reference potential generator 8 is adjusted

for compensating a change of the output modulation factor of



for conpensating a change of the output nodul ation factor of 0 6 SEP 2006
- 11 the nodulator 4. In the second enbodi nent, a potenti al diff@qgﬂpgwﬁ
bet ween the reference potential generator 8 and the conparing refe C
potential generator 9 is sane to the first enbodinent and is independent
fromthe tenperature. 5 The nodul ation factor of the output signal of the
modul ator 4 has a positive teﬁperatu;elgependency. Further, = the output

vol tage of the reference-potential generator 8 has a positive tenperature
dependency. Since the output voltage of the reference potential generator

8 has a positive_10 tenperature depend nc%ép a_DC vol t age, of thg at t enuat or
out put §P§nBPAHASLRFSE -a EBSFF?V%e?gﬁge? BHemgRpendeRCy S EflGdre 6 is a

h shqw t t f i t si | DC | t f '
2 g XM o T LSl L2 (g s A
I Fi g. 15 th Li i .r.al i i . t
et & 1 Sher BobBRESHEKESLLAES, IRA 1 BN PP C PR
i nput si gnak BWe el idd i1Re iSRS At [IAT 1caRs ity 8 uer

tenmperature. A higher soli ine shows the relationship at a higher

temgerature. As 2@ dInEdRISIEAAGH rfBtdy.o 6, t e uAputo| d afes Dfo froghid at or
i nput signal should increase depend on the tenperature rising for

conpensatmbdgliiiert enpasaiupe sdeferderepaafa tilre egdraldraty . f @otratherfi gure 7 -
is a graph showi ng a tenperature dependency 25 of an output signal DC
vol t age thet betpute vodttageacdortdieng eferante gedent ienbetinemton B thes case
where the reference

a positive temperature dependency. Since the output voltage

of the reference potential generétor 8 has a positive

10 temperature dependency, a DC voltage of the attenuator output
signal has algo a positive temperature dependency.

Figure 6 is a graph showing a'temperature dependency
of an input signal DC.voltage of the modulator according to
the second embodiment of the present invention. In Fig. 6,

15 three solid lines show a relationship between the output
modulation factor of the modulator 4 and the DC voltage of
the modulator input signal. A iower so0lid line shows the
relationship at a lower temperature. A higher solid line
shows the relationship at a higher temperature. As

20 understood from Fig. 6, The DC voltage of modulator input
signal should incfease depend on the temperature rising for
compensaﬁing the temperature dependency of the modulation
factor.

Figure 7 is a graph showing a temperature dependency

25 of an output signal DC voltage of the attenuator according to

the second embodiment. In the case where the reference

potential generator 8 has a positive temperature'dependency,



potential.. generator 8 has a positive tenperature dependency, 0 6 SEP 2006

- 12 a DC voltage of the attenuator output signal has also a positive
tenperature dependency as shown in Fig. 7. Therefore, a change of 2006
nodul ati on factor of the nodulator 4 depend on the tenperature ca&fgg
conpensated. In the case 5 where the nodul ator 4 has a negative tenperature
dependency, the reference potential_ggnerator 8 should have a negative

t enper at ure dependency for conpensating the nodul ati on factor of the

nodul ator 4. Wiile the present invention has been described with 10
reference t8 thi illus rghive %nbodknents t@is.de%ﬁri tia i S not

i nt ended®t BCo¥OLERIEr BEd PR SEEFRUATRG SSNEET TAST s "afo % &t i ons of the
illustratgive, enhodi I r di. .5, of-w the invention,
will be BRBAF&NE ggﬂﬁﬁkégugékﬁﬁkggéﬁﬁc hE%aF %gﬁlﬁgﬁgﬁghcg'to this
descriptirfByrekbrkS 15-hBALE! BFenoanaRbal eddhal dherrpreEad «Jaidss will
cover any such nodifications or enbodinents as fall within the true scope

of the ipgygahioBn EBE %éﬁﬁ@&%tuﬁ:@ec%hpb@n@bim?én%fa_t@@ enbedinegkeof the
present invention relates to a frequency nodul ation. However, the present

i nventi ophead baeafiapuedtbe 42823 anmpldgbtdeemdimpiiadinrd dersiiati86, - 13
WHAT IS CLAIMED IS: 1. A nodulation circuit conprising: a band restriction
filter foheree€eviengenpdtieatiol geakaator 8 should have a negative
temperature dependency for compensating the modulation factor
of the modulator 4.
| While the present invention has been described with
10 reference to the illustrative embodiments, this description
is not intended to be construed in a limiting sense. Various
modifications of the illustrative embodiments, as well as
other embodiments of the invention, will be apparent to those
skilled in the art on reference to this description. It.is
15 therefore contemplated that the appended claims will cover
any such modifications or embodiments as fall within the true
scope of the invention. For example, the explanation of the
embodiment of the present invention relates to a frequency

modulation. However, the present invention can be adapted to

20 a amplitude modulation.



5 an attenuator connected to the band restriction filter, the attenuator
adjusting its attenuation in response to an attenuator control signal; a
reference vol tage generator connected to the attenuator for proigd§EPo2085
ref erence vol tage i ndependent of a 10 tenperature and a power supply
voltage to the attenuator; a conparing reference voltage generator
connected to' the reference voltage gehgrator for providing a conparing
ref erence voltage i ndependent of the tenperature and the power supply

vol tage; 15 a nodul ator connected to the attenuator; a voltage conparator
connect egdythg tHhe ahligagater. and the conparing reference voltage generator
for conparing the conparing reference voltage with a voltage of an out put

of the attenuator, apdmganesatbidcaregipaciosdrisiiggal based on 20 the
conparison; and an attenuator controller connected to the attenuator and

t he vol tage conpar adanrd rdrecmitdteirmtior] wontfat | vsce Beney atddyl 4 heon
attenuator control signal in response to the conparison signal. 25 2. A
nodul ati gatei;rcuit according to claim1, further conprising: a control
circuit connected to the voltage O 6 SEP 2006 14 conparator, the control
ciréuit receivi ngita FTRIURTVN CEMeDred i 1y Hrarkand gres taket yeRherating a
vol tage cqnparator operation timn si%PaI; and wherein the voltage
Conparatéﬂldﬁ%ha5@§ et cadjusting 1ts attenuation in respo se

to an attenuator control signal;

a reference voltage generator connected to the

attenuator for providing a reference voltage independent of a
10 temperature and a power supply voltage to the attenuator;

a comparing reference voitage generator connected to
the reference voltage generator for providing a comparing
reference voltage independent 0of the temperature and the
power supply voltage;

15 a modulator connected to the attenuator;

a voltage comparator connected to the attenuator and
the comparing reference voltage generator for comparing the
comparing reference voltage with a voltage of an output of
the attenuator and generating a comparison signal based on

20 the comparison; and

an attenuator controller connected to the attenuator
and the voltage comparator, the attenuator controller
generating the attenuator control signal in reeponse to the
comparison signal.

25 2. A modulation circuit according to claim 1,
further comprising:

a control circuit connected to the voltage



5 to the voltage conparator operation timng signal. 3. A nodul ation
circuit according to claim?2, wherein the controller resets,thqgfsapﬂmftor
controller in response to the nodul ation calibrating start sign

‘nodul ation circuit according to claim?2, 10 further conprising: a data
generator connected to the control circuit and the band restriction
filter, the data generator generating calibration data in response to the
modul ation calibrating start signal-r&éerved through the control circuit.
15 5. A nodulation circuit according to claim4, wherein the voltage
conparator operation timng signal is. activated at a timng after the

cal i br at ceppdaba ozl e thaCkiondred andcaiflt IHeyeidaimy oimddigdagingh restriction
filter - and operation margin are passed. 20 6. A nodul ation circuit

accor di ngatldbebaiimgl s tawle rdighatlhansl igemeataori nona uwddscagn donpdrdwsam nal
connected to the band restriction filter; an output term nal connected to
t he nodubpeorti2d &iméher engeagot @md al i nput terminal connected to the
reference potential generator; a plurality of resistors connected in series
bet ween 6 SEP 200%ereirs thenh@ qldfagie unpssiaing HPSFHAS 1k i eiPoR®d out put
termnal; and a plurality of transistors each of which has a gate

confect ed°t Eheh¥OA{LRERU SOBIPAE GO0 IS 2t LoTs Suibd darid Bt -ai n

3. A modulation circuit according to claim 2,
wherein the controller resets the attenuator controller in
response to the modulation calibrating start signal

4, A modulation circﬁit according to claim 2,

10 further comprising:

a data generator connected to the control circuit
and the band restriction filter, the data generator
generating calibration data in response to the modulation
calibrating start signal received through the control circuit.

15 5. A modulation circuit according to claim 4,
wherein the voltage comparator operation timing siénal is .
activated at a timing after the calibration data are
activated and a filter delay of the band restriction filter
and operation margin are paésed.

20 6. A modulation circuit according to claim 1,
wherein the attenuator includes:

an input.terminal connected to the band restriction
filter;

an output terminal connected to the modulatbr;

25 a reference potential input terminal connected to
the reference potential generator;

a plurality of resistors connected in series between



5 connected to both ends of a corresponding one of the resistors. 7. A
nmodul ation circuit conprising:. a band restriction filter for receiving
nmodul ation data; 10 an attenuator connected to the band restrictiohf SEP 2005
filter, the attenuator adjusting its attenuation in response to an
attenuator control signal, wherein a nodul ation factor of the output

signal of the nodulator. is changed depend on a tenperature when a DC

vol tage of the input signal of the 15 #bdulator is constant; a reference
vol t age generator connected to the attenuator for providing a reference
vol tage depend on the tenperature to the attenuator; a conparing reference

vol tage ggRenalry LRNItedh il Zhhdlte dahenencend! dagavenermies] f or

provi ding a conparing reference voltage depend on the tenperature; a

nodul at omanegpnnected to the attenuator; a voltage conparator connected to
the attenuator and the conparing reference voltage generator for conparing
the 25 conparing refwraiicey vof tagensi stoss vedelagef ofhbeh e pus odtehe
attenuator and generating a conparison signal based on the conparison; and
0 6 SEP zow@ect®@d & dthemfdiairuatont rantero e @ ePure mndita edtai®dr  and
the vol tage conparator, the attenuator control]er enerating the

at t énuat GPREERTSS T RRAR i§PIT Yo €T FIRCIEGMD AL A sFthfhal .

resistors.

7. A modulation circuit comprising:

a band restriction filter for receiving modulation
data;

10 an attenuator connected to the band restriction
filter, the attenuator adjusting its attenuation in response
to an attenuator control signal, wherein a modulation factor
of the output signal of the modulator is changed depend on a
temperature when a DC voltage of the input signal of the

15 modulator is constant;

a reference voltage generator connected to the
attenuator for providing a reference voltage depend on the
temperature to the attenuator;

a comparing referencé voltage generatér connected to

20 the reference voltage generator for providing a comparing
reference vdltaée depend on the temperature;

a modulator connected to the attenuator;

a voltage comparator connected to the attenuétor_and
the comparing reference voltage generator for comparing the

25 comparing reference voltage with a voltage of an output of
the attenuator and generating a comparison signal based on

the comparison; and



5 8. A nodulation circuit according to claim7, further conprising: a
control circuit connected to the voltage conparator, the control circuit
receiving a nodulation calibrating start signal and generating aﬂﬁdEPamﬁ
conparator 10 operation timng signal; and wherein the voltage conparat or
operates in response to the voltage conparator operation timng signal. 9.
A nodul ation circuit according to clains8, wherein the controller resets
the attenuator controller in 15 response to the nodul ation calibrating
start signal 10. A nodulation circuit according to claim8, further
conprising: a data erarqr__connec to the control citcul nd, t he band
restriction filté" %t%%eelﬁlft éjrgecnoenftal{ogﬁ% %%Ih%er a él#\gt%atflg%r%%?%ﬁu%% ain
response g the G Mnedlddinal i shitidnldnalo daoalved. through the
control circuit. : odal ation ‘ciTcuit accor Ing to claim 10, wherein
the vol t 398 CAMMAALYNe ARVAIAD! ITING Yl WiRJnd1S irRGid MRk ato acid M ng
after the calibration data are 25 activated and a filter delay of the band
restrict icomphidile®h sdrghaqperati on margin are passed. 12. A nodul ation
circuit according to claim?7, 06 SEP 2005 ‘17 wherein the attenuator

i nclsudes: an inpw. tarnodallacdpnectiedutia tledrdictg et dletimorv, filter; an

out put term nal connected to the nodul ator;
further comprising:

a control circuit connected ﬁo the voltage
comparator, the control circuit receiving a modulation
calibrating start signal and generating a voltage comparator

10 operation timing signal; and

wherein the voltage comparator operates in response
to the voltage comparator operation timing signal.

9. A modulation circuit according to claim 8,
wﬁerein the controller resets the attenuator controller in

15 response to the modulation calibrating start signal

10. A modulation circuit according tb claim 8,
further comprising:

a data generator connected to the control circuit
and the band restriction filter, the data generator

20 generating calibration data in response to the modulation
calibrating start.signal received through the éontrol circuit.

11. A modulation circuit according to claim 10,
wherein the voltage comparator operation timing signal is
activated at a timing after the calibratioﬁ data are

25 activated and a filter delay of the band réstriction filter
and operation margin are passed.

12. A modulation circuit according to claim 7,



5 a reference potential input termnal connected to the reference
potential generator; a plurality of resistors connected in series between
the reference potential input term nal and output termnal; and Eg S%P 2
plurality of transistors each of which has a gate connected to t 06
attenuator controller, a source and a drain connected to both ends of a
correspondi ng one of the resistors. 13. A nodulation circuit conprising:
15. a band restriction filter for recetVing nodul ation data; an attenuator
connected to the band restriction filter, the attenuator adjusting its
attenuation in response to an attenuator control signal; 20 a nodul at or
connect eghkeeli he takt ertahaatorhéndradidsat or recei ving the attenuated
nodul ati on data fromthe attenuator; a reference voltage generator
connect ed t o the amtimguratt@rrfigra Jprapririaied tefsreteend of ¢ siget ¢ nidependent
of a 25 tenperature and a power supply voltage to the attenuator; a
vol t age dadpparat or connected to the attenuator and the reference voltage
generator for conparing the reference 0 6 SEP 2006 18 _voltage with a

vol tage of the at@feydtdtF rsFitidid o IPRSCLRY O g‘@?ﬁer%‘?@?ﬂga%mgbrrpari son

signal based on the c arison;. and .an, attenuator ntroller connected to
thg Sat t enuat or é’ndfetﬁ%g‘pe\f’cﬂet & aBut ¢ eerrﬁﬁag]zu%?rg?‘e%%?ﬁ?r%?l er

the reference potential generator;

a plurality of resistors connected in series between
the reference potential input terminal and output terminal;
and

10 a plurality of transistors each of which has a gate
connected to the attenuator controller, a source and a drain
connected to both ends of a corresponding one of the
resistors.

13. A modulation circult comprising:

15. a band restriction filter for receiving modulation
data;

an attenuator connected to the band restriction
filter, the attenuator adjusting its attenuation in responée
to an attenuator control signal;

20 a modulator connected to the attenuator, the
modulator receiving the attenuated modulation data from the
attenuator;

a reference voltage generator connected to the
attenuator for providing a reference voltage independent of a

25 temperature and a power supply voltage to the attenuator;

a voltage comparator connected to the attenuator and

the reference voltage generator for comparing the reference



5 generating the attenuator control signal in response to the conparison
signal. 14. A nodulation circuit according to claim 13, wherein the

ref erence voltage generator has a conparing reference voltage generator
for providing a conparing 10 reference voltage having a predetern{igeSkp 2006
voltage difference wth the reference voltage, and wherein the voltage
conpar at or conpares the conparing refeignce voltage with the voltage of
the attenuated nodul ation data. 15. A nbdulation circuit according to claim
13, 15 further conprising: a control circuit connected to the voltage
conparator, the control circuit receiving a nodulation «calibrating start

si gnal anvelgeger atiitig ca vwdlteage odorijer atrenuwpsrdtiaiilamioy Ggaaindand 20
wherein the vol tage conparator operates in response to the voltage

conpar at genegetdricor orbRy isiqgalionee. rsrstdrattion edmerarisercorading to
claim 15, wherein the' controller resets the attenuator controller in
response to the rPBYABRIHIFCH i ML HINRTYrRE B3 A ACRBEWRESF on

t cl 15, furt : dat t
Connott ed7l s Yo TIERRAC T 16 B OO GT Srr e B vest ri ction
f It t d to the
A R T R SRt s R SR

18. A nogdulalih R o5 I‘sq_lélntalaCCOI’dl ng to claim17,

14. A modulation circuit according to claim 13,
wherein the reference voltage generator has a comparing
reference voltage generator for providing a comparing

10 reference voltage having a predetermined voltage difference
with the reference voltage, and whereiln the voltage
compafator compares the comparing reference voltage with the
voltage of the attenuated modulation data.

15. A modulation circuit according to claim 13,

15 further comprising:

a concrol circuit connected to the voltage
comparator, the control circuit receiving a modulation
calibrating start signal and generating a voltage comparator
operaticn timing signal; and

20 wherein the voltage comparator operates in respohse
to the voltage comparator operation timing signal.

16. A modulation circuit according to claim 15,
wherein the controller resets the attenuator controller in
response to the modulation calibrating start signal

25 17. A modulation circuit according to claim 15,
further comprising:

a data generator connected to the control circuit



5 wher.ei

timng after the calibration data are
band restriction filter

circuit

n the vol tage conparator operation timng signal is activated at a

according to claim13, 10 wherein the attenuator includes:

i nput term nal connected to the band restriction filter; an output
connected to the nodul ator; a reference potential input term nal
connected to 15 the reference potentiab generator; a plurality of

resistors connected in series between the reference potential input

t er m nal

t er m nal

and output termnal; and a plurality of transistors each of

activated and a filter delay of the
and operation nmargin are passed. 19. A nodul ation

86 SEP 2005

whi ch

has a gat %fio%g‘(?f %%%ctr%dsttrolctthl%natgi%_rt(%%t orthceorga{toa!t Iﬁgerneraatsorurce and a drain

connect 68

10

15

20

ends of "a correspondi g one ©
'generating calibration data in response to the modulation

resi stors.

calibrating start signal received through the control circuit.

18. A modulation circuit according to claim 17,
wherein the voltage comparator operation timing signal is
activated at a timing after the calibration data are
activated and a filter delay of the band restrictioh filter
and operation margin are passed.

19. A modulation circuit according to claim 13,
wherein the attenuator includes:

an input terminal connected Eo the band restriction
filter;

an output terminal connected to the modulator;

a reference potential input terminal connected to
the reference potential generator;

a plurality of resistors connected in series between
the reference potential input terminal and output terminal;
and

a plurality of transistors each of whicﬁ has a gate
connected to the attenuator controller, a source and a drain
connected to both ends of a corresponding one of the

resistors.



