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¢ BACKGROUND OF THE | NVENTI ON The present invention relates to an ASK
(Amplitude Shift Keying) nodul ation apparatus, particularly to an ASK

nodul ati on appar d nethod for a nobile term nal used for a mcrowave
band with rmmm\\mended radi ation ang i mproved on/off ratio. Recently,
in the datA at1on system Wi ch uses a m crowave band radi o signha
for dupl ex hi gh®p®ed data conmuni cati on between a master station and a
plurality of small nobile termnal, particularly, because of small size and
| ow power consunption, a binary ASK nodul ati on systemis used as a

nodul ation systemin the nobile termnal. In such a data comuni cati on
system data is communi cated between the master station and nobile

term nal s by using two QSKTMODULAETION APEARRATIS KD SMETHODE non-oper ati ng
section with a pertain frequency interval. If a rectangul ar pul se as shown
in Fig. 18A is used as a nodul ation pulse, in a general ASK nodul ator, the
frequency spectrum of a transm ssion signal as shown in Fig. 18B is that a
rect angul ar pul se (nodul at i rBACGKGROUND QFEVEHDENVENTTIGNIri er series. But,
this frequency spectrumincludes an odd high | evel

The present invention relates to an ASK (Amplitude Shift
Keying) modulation apparatus, particularly to an ASK
modulation apparatus and method for a mobile terminal used
for a microwave band with reduced unintended radiation and
improved on/off ratio.

Recently, in the data communication system which uses a
microwave band radilo signal for duplex high speed data
communication between a master station and a pluraliFy of
small mobile terminal, particularly, because of small size
and low power consumption, a binary ASK modulation system
is used as a modulation system in the mobile terminal.

In such a data communication system, data is
communicated between the master station and mobile
terminals by using two or more ASK modulated channels in
the non-operating section with a certain frequency
interval.

If a rectangular pulse as shown in Fig. 18A is used as a
modulation pulse, in a general ASK modulator, the
frequency spectrum of a transmission signal as shown in
Fig. 18B is that a rectangular pulse (modulating wave) is

developed as Fourier series.

But, this frequency spectrum includes an odd high level
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2 7 150V 2002 2 higher harnonic conponent in addition to a nodulation
conponent that is necessary for data transfer. This higher har |7CNOV 200
conponent raises a problem of adjacent-channel interference with other 2
conmmuni cation channels or failure to satisfy the occupied frequency

bandw dth defined by the radio law. On thg%other hand, the binary ASK
nodul at ed wave is obtained by turning on/off a carrier wave, but if a
carrier leak is large while the carrier is turned off, the carrier
detection circuit of the denodulator in the receiver side of the naster
station may mal function, and the carrier |eak nust be sufficiently |owered.
A net hod has been proposed to reduce the unintended outband radi ati on due
to the higher harnonic conmponent and carrier |eak power. For exanple, to

reduce the hhéﬁbﬁrh@mmmﬁniaanmpmnﬁnttiwa&&ﬁf&f@hl@gGéS&ggggzgkgﬁloses t he

met hod to apply a nodul ation pul se of rectangular wave to an nodul at or

t hrough an i APBEPAEN3N thiatcdis rargmsEdy dfor desd St fin §Her 2 fﬁﬂéchiphefﬁgg-

19 is a block diagram showi ng the ASK nodul ating circuit nentione

above refereﬂ€€m°R15a98m§Q$ﬁﬂtiEﬁtﬁﬁﬂi&xpnablémadﬁﬁﬁﬁj&céhtrgﬂghﬁggr 403
t hrough a baie registor 407 via an integration circuit 404 conposed of a
resi stor 405 BRATECrSpSe; Mdithy ekhem communidatdsRofitannels or failure

to satisfy the occupied frequency bandwidth defined by the
radio law.

On the other hand, the binary ASK modulated wave is
obtained by turning on/off a carrier wave, but if a
carrier leak 1s large while the carrier is turned off, the
carrier detection circuit of the demodulator in the
recelver side of the master station may malfunction, and
the carrier leak must be sufficiently lowered.

A method has been proposed to reduce the unintended out-
band radiation due to the higher harmonic component and
carrier leak power.

For example, to reduce the higher harmonic component,
the JP-A-No.167645/1992 discloses the method to apply a
modulation pulse of rectangular wave to an ASK modulator
through an integration circuit composed of a resistor and
a capacitor.

Fig. 19 is a block diagram showing the ASK modulating
circuit mentioned in the above reference.

A data signal is applied to the base of a transistor 403
through a base resistor 407 via an integration circuit 404

composed of a resistor 405 and a capacitor 406. The



3 col|ector of the transistor 403 is connected to a transm ssiom [ 0;
{ hat i nput the output of a carrier signal generator 401. Wen tgé?dgﬁ%v 2002
signal is applied through the integration circuit 404, a snooth nodul ated
pul se is generated to reduce the unnecessary hi gher harnoni c conponent

| evel . The nethod of the above reference dgcreases the higher harnonic
conponent to a certain extent, but a desired characteristic can not be
obtained in the data conmuni cati on systemthat the present invention is
applied. The reasons are described as below. Fig. 20 shows the primary
requi red characteristics of the ASK nodul ati on apparatus adopted in the
data communi cati on system of the present invention. In Fig. 20, a carrier
frequency is 6GHz and a data nodul ation rate is 2Mips. The present

nodul ati on ageldiacstqerddr ke bt pany 1486rmagy! aki ?QnHQ?ﬁédt bis,condition. As
t he adjacent channel is allocated at |OMiz away fromthé center frequency
(6GHz), the brensmissigin thinera40d2UthabWeRpGBOBhE0EEEFEE0F2 rbg;_,r?_%wer) to
t he adj acent channel |eak power (hereinafter, referred to a ra |5)
needs to be £39Badr gangrateleptdting on the condition not to deteriorate
the code error_rate when transmtting-data through the adjacent channel.
The on/ of f rat W8S thee daba rkamdhets weplidd darsugh the "1htéyr&Vi48H02 4
is off (non-anuI te%@garrier power) to the carrier |eak power

(her ei naf t er STEPHHYy 40&4.c & dnqQthy fiednleried pulye needsenardee @068 or

hi gher . Furtgg(ri a %21? occupi ed frequency bandwi dth (hereinafter called an
occupi ed banGwrdfh) hfs CARGGRSSATE Rl ghembarmonskc | envmponémt 1evébur tines
of 2Mops. Wen i A dul.ating circuit having the primary
integration ci ?fclél {ﬁgaésg;ﬁr iq?;d:rﬁo% qhave, IehGaidegredses i diighety

i npossi ble t I ratj o of 40dB or higher while satisfying the
occupi ed- bangemfﬁ%ﬁgengﬁl (?Isn,lénl‘ftqos & aﬁﬁbses“?ttﬂgﬂ:'t Pwatad Ffesired r equi r ed

on/of f ratioghlpgsavseiatiicolafh’ onent, | eaks to the output
through the transmission |i né—ﬂfne\(?lgjrlll:e%elyIo(e:o e(;d;r'lrrﬁ gﬁl‘q daka . This is the

sanme even i fcémpuhitadiah SR stehC WHat epl by, _a secondary sinple
| ow-path filter. Wth the p%sm%wgaﬁszt%n%ﬁ%%gﬁtnéngqm éﬁy(ﬂ‘P tediit,

for a step-|The reasbnsi gral qeeerided a& Heahdly.Si gnal, the response
waveformon the time axis for output signal rapidly changes, fails to

Smooth the si gfiey. c2apshowky thal peuales rblaied chaedppagy ssqumongnt of a
base band signal, and provides no effect to limt the frequencCy band.
Further, as &R ASHunodubatideneappatrheubandobitait 1hi kher gagaN0t const ant
over a wide range of frequency, it is apt to cause ringing, overshoot and
wavef or m di SIAFHANER2BeN nSYsheBass bhedpsegeak lLhkenai6hgi tral Fliginalo

i ncludin
9 a carrier frequency is 6GHz and a data modulation rate is

2Mbps. The present modulation appratus performs binary ASK

modulation under this condition. As the adjacent channel

is allocated at 10MHz away from the center frequency
(6GHz), the D/U ratio of the maximum power (non-modulated
carrier power) to the adjacent channel leak power
(hereinafter, referred to a D/U ratio) needs to be 40dB or
higher depending on the condition not to deteriorate the
code error rate when transmitting data through the

adjacent channel.

The on/off ratio of the maximum power when the carrier



27 Nov 2002 L J a high frequency conmponent. This w || unnec?s}amp\ymoz
texpand the occupi ed frequency band. Thus, the desired characteristic c

not be obtained. As a nethod of decreasing the unnecessary out-band

radi ati on due to the higher harnonic conponent, a digital filter is used
because it is excellent in the band limt, characteristic and is relatively
easy to change data. Wth the ASK nndulaﬂion apparatus using a digital
filter, the characteristic of the out-band higher harnonic conponent is
satisfied, but a D/A converter and a nenory to store data to neet the
required spurious characteristic become necessary, the conpactness as a
nobile termnal will not be realized, and the battery driven | ow power
consunption requirenent will not be achieved. SUMVMARY OF THE | NVENTI ON An
obj ect of the RFEsqHon M1 ed ScAPrEP VHéirer) M6 ONEVE8aBANEr ABKak

nodul ati on apparatus and net hod which satisfies conpactness, |ow power
consunpt i onpawéy qaiddedchaffitin Ats nmp Dy areféerédt €6 Sais UOR/@BF DE&eLaYi o,
occupi ed bandwi dth and on/off ratio by using a passive el enent and not by
using a | ar geedenice’peci2@®@iB tosuttglera digital filter. The objective of
the present invention is achieved by an ASK nodul ati on apparatus which
modul at es a r Eurhipr.,ara 99% acoumied 2fpegeenty hoandsetidtiat therghnafierhi n a
m crowave band conprising: a band limting nmeans for waveform shaping-to

el i mi nat e t if@lilesl iamaagupked rbandwidthhvenst nsatisfyi agvered8MHzp-pnal by
using a passive elenent, and an ASK nodul ating neans for inputting carrier

wave of a niodr dwWaReE Hdwt akkl PO nbe it ¢ 2MRPS- carrier wave by turning

of f the drive_voltage of %_ﬁhi h fregquency anplifier based on the out put of
sai d band |i mieRy Yaddes . t e‘g%r{“?@‘a{ﬂ Rg Ciipat b RaVHRg ¢ Hae pprimg

_ _ p e, 1 _ | o
il or mw SRESERRIIRR | TATORE GATer bied chlcei oSt BRchaRaphontt tBmponent
i ncl uded i t i T j f

a1 11 or o NeRE SCHEY, e S ofh L0008 P PRy v BEE TR 8, KB
out put 11 OMd:pRAHE Wil 14 N6 PR n G thdNGBo L BEoACEAARANARh VKB 1aRenl 2

Li
| ogi cal |evel , 1t becomes In the Operating fegion an . Ies the
m crowave band 1GAT{IY -iMdoddEo1&CEENGAL PE£ye¥Re | Be§hiRelOBhPBEE S¥Rl10,0",

it becones in the cut-off state and cuts oft the carrier output. As a

result, it HRIEWRS £ DIGH eFPdiee&K component leaks to the output
through the transmission line even while the carrilier is
off. This 1s the same even if the integration circuit is
replaced by a secondary simple low-path filter.

Wlth the primary or secondary simple integration circult,
for a step-like input signal such as a digital signal, the
response waveform on the time axis for output signal
rapidly changes, fails to smooth the signal completely,
attenuates the high frequency component of a base band
signal, and provides no effect to limit the frequency band.
Further, as the input lmpedance of the band limit filter
is not constant over a wide range of frequency, it is apt
to cause ringing, overshoot and waveform disturbance

against a base band signal like a digital signal including



nodul at ed wave. The ASK nodul ati on apparatus further includes Z-EJNCQ/éEEH£
conprising a buffer anplifier for driving said high frequency anplifier in
the output of said band limting neans. 127 NO V2002 Wth the drive
nmeans, the bank limting circuit is stably operated. _ The band limting
means conprises the N sets (Nis an infeger greater than 2) of basic
circuit which are connected in cascade to data signal input and the
grounded resistor R being connected to the output of the Nth stage of the
said basic circuit. Each of the basic circuit conprises a coil L provided
bet ween i nput and output and a serial circuit being one end connected to
the input of said coil L and other end connected to the ground, and the
serial circuit having a resistor R and a capacitor C. Wth two or nore

st ages oft hhghbdgieguancicomperentt pleisighbl wenedes saxhbhy bexpandt hly
raised with zero inclination though the input signal changes

di scont i Bhsusrgupdesh fing@jenahebdadi cTkys cuthe i desbigpdsed to satisfy L =
CR2 The connection nunber N and the constant of said basic circuit depends
on the tFRBTASEFSHSE IS <@ Pt Be seiykdinedurt her, the connection nunber N
and the copstant of the ic circuit depends on the rise tipe of the

rect angul a?‘s\/\&vgle&lhoégiod?%%%? g, the, AUNpRRIRATH PYE-RFR out - band

e 2k UBR, AU B YIRS n0o O SRR AL Lo SRRRRET O
combi nedgy P L0C 38N Id YA PYE 11 YPE - excdl Perlt NP the€W0nd 14mit

characteristlic and is relatively easy to change data.

With the ASK modulation apparatus using a digital filter,

the characteristic of the out-band higher harmonic

component is satisfied, but a D/A converter and a memory

to store data to meet the required spurious characteristic

become necessary, the compactness as a moblile terminal

will not be realized, and the battery driven low power

consumption requirement will not be achieved.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
microwave bhand ASK modulation apparatus and method which
satisfies compactness, low power consumption and required
modulation characteristics such as D/U ratio, occupied
bandwidth and on/off ratio by using a passive element and
not by using a large complex circuit such as a digital
filter.

The objective of the present invention is achieved by

an ASK modulation apparatus which modulates a rectangular



The buffer anplifier conprises an operational anmplifier. The ffer
anplifier conprises an operational anplifier and a current a |NU&V|2 Bf
hi gh frequency anplifier conprises a field effect transistor or bipo Q
transi stor anplifier connected to Mstages (Mis an integer greater than
1). To achieve the above object, the present invention provides an ASK
nodul ati on apparatus whi ch nodul ates a recétangul ar hi gh speed data signal
within a mcrowave band conprising: a band limting circuit having four
basic circuits that are connected in cascade to said data signal input,
each of said basic circuits having a coil L provided between input and
output and a serial circuit being one end connected to the input of said
coil L and other end connected to the ground, said serial circuit having a

resistor R ahdgh eppad tdtaCsi t ' r i s.connected to
gh & siajih 1t hﬂ,&{iqpr&j?rﬁc{ﬂa%{eo baalr:]i)ldd a%orggkasing:

the output of the 4th stage of the said basic circult,

nodul ati ng neaasbaod Lamitiingg rda s For Waved a0 isadidyd QUaY, m d ASK
nodul ating said carrier wave by turning off the drivéﬁggfﬂggégg a %?gh

frequency anphef Leclbasddoan ofh@nouiyutofwav@ifbriaat [ii i h#Ealss The
ASK nodul ati on apparatus further includes a drive neans conprising a buffer
anplifier foslapaki hy wsiloghiagpassdve Mdemdadz add requency anplifier in
the output of said band limting means. To achi eve the above object, the
present inve®®idaKphedudasing means doiratinpu tdimar alarsidt (ave Ge ates a
rect angul ar h'@h speed data signal within a m crowave band conprising: a
band |imti rf”[!;l Fevave RapfngnfodSKsaodaleting saivhaaraderr smectisd in

cascade to sﬁéd gata giggﬁl ingut, each of said basic circuits having a
coi |l L provi gdtiPHRIWRER thBuAriNg yodtageand & ddohafrequemay bei ng one end

ted t Lpput, of said coil L th d ted to th

o ound, - sai P RREHETRE; pRapE A, FRy 2BUR.AE saLinpard damiiag mean. i he
ded resi ' he. output of the 4th st f the said

Pasi o i reu 1 TR0 AT CrOBMTRELSH, RpbRESH B! £Re bRRscudc IRTeRER Stor e
ted t Qs dabeagal Lk kPEaChbaHit mbined in th

i tor-fol Iy Tyeand AT LIAaChbat . cB et R b B otAngliiem, dntay o

sour ce gr oUsiagh4¥ Bfatbbsin oAt sbE8NSha1 hatFED) ML ENLARYLS, o flg out put

of said buffer anplifier to the drain an e carriér of S dvkve band
to the gat e hikthet Merfohbe abﬂpsnahte%clﬁaédpiﬁs'Eflh &:E}S‘E%h[g%'ia ovides an
g

ASK nodul ati on apparatus whi ch nodul ates a rectangul ar peed data

signal wi t hipulser af ovlaeedabadsigdat. NrRY BO§R frequency amplifier of
the ASK modulation means is operated on the band limited
output from the band limiting means, and when the
rectangular wave is at a logical level "1", it becomes in
the operating region and amplifies the microwave band
carrier. If the rectangular wave is at a logical level "O",
it becomes in the cut-off state and cuts off the carrier
output. As a result, it provides a preferable ASK
modulated wave.

The ASK modulation apparatus further includes a drive

means comprising a buffer amplifier for driving said high

frequency amplifier in the output of said band limiting

means.



10 conprising: a band limting circuit having four basic circuits that are
tonnected in cascade to said data signal input, each of said basic circuits

having a coil L provided between input and output and a seri al ngqvgm/éx)
bei ng one end connected to the input of said coil L and other end cofne gg
C

to the ground, said serial circuit havi ng A resistor R and a capacitor C
and the grounded resistor Ris connected t'o the output of the 4th stage of
the said basic circuit, a buffer anplifier having an operational anplifier
connected to said band limting neans and a current anplifier connected to
the output of the operational anplifier, and a high frequency anplifier
circuit having a source grounded type field effect transistor (FET) which
inputs the output of said buffer anplifier to the drain and the carrier of

the nicrowave Wath tthet lde-igas eneaks ,aCﬂi@V&ad]belﬁWﬁmdgmifféuiE hgs present
i nvention provides an ASK nodul ati on net hod whi ch nodul ates a rectangul ar

hi gh speed databdygopleraitidd.n a m crowave band conprising: a step of band
limting for waveform shaping to elinmnate the inclination of an out put
wavef orm at ri Thagbahdsdilthiddrg siepred domusisegs ah@Isiser £l @B ,an 4 2 |
~~~ 2002 11 a step of inputting the carrier wave of a m crowave band, and a
step of ASK +BHEOSEi SFestiexr dhan &) wf daslae witiowl ofwhitdie aifd ve vol t age
of said high frequency anplifier based on said band limted signal. The ASK
modul ati on nEPRB GBP%I he gassade it dataslignal dnpvt e the gwveided
shaping with_zero incéi Bation of the output waveformin rising of data

S

si gnal , ther]é%§5'558?:e fdNeh Somngred adhe admydneft thecINIdedstiage he

rect angul ar I of e.data signal. As a result, the occupi ed bandw dth
of the out pu‘?f'rrgﬁﬁl SF%L@nb\%E&é’ S Eagih, ofn ithen Basdic icdmieuddner will be

decreased. gomprises a coil L provided between input and output and a
serlal circuit being one end connected to the input of
said coll L and other end connected to the ground, and the
serial circuilt having a resistor R and a capacitor C.

With two or more stages of the basic circuit, the output
signal waveform can be smoothly raised with zero
inclination though the input signal changes
discontinuously (step-1like).

The basic circuit is composed to satisfy L = CRZ.

The connection number N and the constant of said basic
circuit depends on the time response of said data signal.

Further, the connection number N and the constant of the
basic circuit depends on the rise time of the rectangular
wave of sald data signal, the suppression of the out-band
unnecessary higher harmonic component and adjacent carrier
component of said ASK modulation wave.

The buffer amplifier comprises is two transistors

combined in the emitter-follower type.



The band limting is characterized by; N sets (Nis an integer greater than
«2) of basic circuit which are connected to the said dataz' Naé i nput, each
of said basic circuits having a coil L provided between i ?8 VHZ szut
and a serial circuit being one end connected to the input of said corl L
and other end connected to the ground, sg d serial circuit having a
resistor R and a capacitor C, and the grounded resistor Ris connected to
the output of the Nth stage of said basic circuit. The nunber of stages and
the circuit constant of said basic circuit is decide by: a step of

cal cul ating the output response assuming the tine constant T as a paraneter
when N =2 and L/R = T, 4 27? NO V 2002 12 a step of first determ ning
whet her sai d out put response satisfies the given DU ratio and occupi ed

bandwi dth, a st tif F53€ it LEf P71 BoMPrives heh SpbfatubAHl BAPRAFIRr.
satisfies rises within the m nimum pul se wi de when the rectangul ar pulse is

an input, a stitje Gufe dmylifibenucbeprises ahagpsrabtlohhe ampauifier
constant of that tinme when said first and second determning results are
bot h sati sf amdl, samhregitepangplifitexasi ng N and repeating said first
determ ning step and second determ ning step when one of said first and
second det er niliiendrirgds fnequencwnt amplifierdcompriaed ai fieldeeéfeiot ng,
only one of the DU ratio and occupi ed bandwi dth can be judged on sone
condi ti ons &ransdstamon ipelaysteans bR eF SESURE ber ONouReTHE] eEMT ON
This and ot her objects, features, and advantages of the present invention
wi || becone Sts@eSidphrichtan pbitedeEaaraater thantb)kowi ng detail ed

[T B o SRS i ABRT, ol PHE SRV BEAR Ol o
0. 2. shous, 3O G e hShul H81 BRohSpSELEYE WARCA hERUTQREY LUt es the
rectangular high speed data signal within a microwave band
comprising:
a band limiting circuit having four basic circuits that
are connected in cascade to said data signal input, each
of sald basic circulits having a coil L provided between
input and output and a serilal cilrcuit belng one end
connected to the input of said coil L and other end
connected to the ground, sald serial circuilt having a
resistor R and a capacitor C; and the grounded resistor R
is connected to the output of the 4th stage of the said
basic circuit, and
an ASK modulating means for inputting the carrier wave
of a microwave band and ASK modulating said carrier wave
by turning off the drive voltage of a high frequency
amplifier based on the output of said band limiting means.
The ASK modulation apparatus further includes a drive

means comprising a buffer amplifier for driving said high



2 ~Nov 2002 13 Fig. 3 shows a configuration of the 2-stagg 7CINQL¥?QQ(Z
“which constitutes the band limting circuit 1; Fig. 4 shows a configuration
of the N-stage circuit which constitutes the band limting circuit 1; Fig.
5 shows a step response waveform for each case when the band limting
circuit 1 is a 1-stage circuit, a 2stage circuit, a 3-stage circuit and a
4-stage circuit; Fig. 6 is a flowhart sh%mﬁng the nmet hod of determ ning

t he nunber of stages and constant of the band limting circuit 1; Fig. 7
shows an exanple of the circuit configuration of a driving circuit 2; Fig.
8 shows an exanple of the circuit configuration of an ASK nodul ati ng
circuit 3; Fig. 9 shows an exanple of the circuit configuration of the ASK
nodul ati on apparatus of the present invention; Fig. 10 shows the signal

f f t S I N iqg. 9;
Fro. 11 compst dieRBl aflen1fist tna it BheafeCRE A had iy,
apparatus shown in Fig. 9, the ASK nodul ation apparatus having no band

limting CIrCUIt and the ASK nodul ation apparatus having an integration

circuit; Fig. dg s8QY&va ﬁhécabbv@o%ljwtat e %&efstéﬁtsaa%ﬂtarmpd' ment of
the ASK modul ation appar at us; Ov 2002 14 Fig. 13 shows a circuit

confi gurati oprédiasst aﬁrAsxbmdam&atti@fn appattaitvisN ghdichC Hoddwlatids).a 14 shows

a circuit configuration of another enbodinent of the driving circuit 2;
rectangular high speed data signal within a microwave band
comprising:

a band limiting circult having four basic circulits that
are connected in cascade to said data signal input, each
of sald basic circuits having a coil L provided between
input and output and a serlal circuit being one end
connected to th§ input of sald colil L and other end
connected to the ground, said serial circuilt having a
resistor R and a capacitor C; and the grounded resistor R
is connected to the output of the 4th stage of the said
basic circuilt,

a buffer amplifier having the first and second.
transistors connected to said band limiting circuit and
combined in the emitter-follower type and

a high frequency amplifier circuit having a source
grounded type field effect transistor (FET) which inputs
the output of said buffer amplifier to the drain and the
carrier of the microwave band to the gate.

To achieve the above object, the present invention

provides an ASK modulation apparatus which modulates a

rectangular high speed data signal within a microwave band



Fig. 15 shows a circuit configuration of another enbodi nent aﬂ tNQ\{jrz(mzng
‘circuit 2; Fig. 16 shows a circuit configuration of another enbodi nent of
the ASK nodul ation circuit 3; Fig. 17 shows a circuit configuration of
anot her enbodi ment of the ASK nodul ation circuit 3; Fig. 18A and Fig. 18B
show t he frequency spectra of the ASK nodul ati on pul se and ASK nodul ati on
wave; Fig. 19 shows a circuit configuratﬂ@n of the prior art; and Fig. 20
shows the ASK nodul ation characteristics denanded for the present

i nvention. DESCRI PTI ON OF THE EMBODI MENTS An enbodi nent of the present
invention is described. Fig. 1 is a block diagramof the ASK nodul ation
appar at us enbodyi ng the present invention. A reference nuneral 1 designates
a band limting circuit. The band limting circuit 1 is a constant

i npedance ci . ising a passive elenent, and having a constant input
i npedance iﬁ%%é%%ﬁgfﬁgy of frequency of the 2?2 NOV 2002 1 input

signal . The bﬁepdbaﬁai ﬂmtgh@ce&&ch&naaﬁna kool pResE da a‘git%nadh%th a

rectangul ar pul se wave, and Snoot hes the recCtangul ar pul se ta) agal nst

the response, A8 tHEnEEEBAAXNS chidRaRlY thl Falidnaakhe shgpauenaputandadh
reference nuneral 2 designates a driving circuit. The driving circuit 2

functions asof Haidepasipl clirenivist hawivng kageigainpebvideat weeamwddie band
limting circuit and an ASK nodul ating circuit 3 described |ater.

Ther ef ore, tihwpwdl aageouapatoamdoat getriblorirbeidr beting onecenid 2 i s the
sane as the output voltage waveformof the band limting circuit 1. A
ref erence nurenmaécBedetbgtheednputAsk saddl ebidgLcianduiothefhendsK

nodul ating circuit 3 conprises a high frequency anplifier which is operated
on the out putonmedtedt tagtbegazopnd, osaide sgriiailnglizcuddyi haginphe hi gh
frequency anplifier goes into the operating region when the rectangul ar
pul se of an ¥eplstergRapndsaacapeitegi €:1 apdl the graggadedpresissamK

m crowave band carrier. On the other hand, if the rectangul ar pulse is at
the | ogical }®vepnngcted; tgothe QuipUte ofther Atly stage Rd thes s&a t he
carrier output. As a result, the ASK nodulating circuit 3 binary
ASK-nDduIatéga%%geﬂlﬁﬁuiﬁe out put (rodul ating signal) fromthe driving

circuit 2, and,a desited, ASKTndul alod wake 80,08 HR1CLALS L A Seen from

t he above configuratrron, e prese
connected to said band limiting means and a current

amplifier connected to the output of the operational
amplifier, and

a high frequency amplifier circuit having a source
grounded type fleld effect transistor (FET) which inputs
the output of sald buffer amplifier to the drain and the
carrier of the microwave band to the gate.

To achieve the above object, the present invention
provides an ASK modulation method which modulates a
rectangular high speed data signal within a microwave band
comprising:

a step of band limiting for waveform shaping to
eliminate the inclination of an output waveform at rising

of said data signal by using a passive element,



Z 1 N Ov 2002 16 invention is characterized by providing the_band limting

»circuit 1 for controlling tine axis response for the baseb nB/qup
rectangul ar wavef orm between a rectangul ar pul se baseband signal” and

the ASK nodulating circuit 3 conprising a high frequency anplifier, and the
hi gh frequency anplifier is turned on/ ;f based on the output signal from
the band limting circuit 1 thereby perform ng binary ASK nodul ati on. The
circuits of the above enbodi ment are described in detail below First,
operation of the basic circuit 20 which constitutes the band Iimting
circuit 1 is explained. The basic circuit 20 is called a 1-stage circuit
for description convenience. As shown in Fig. 2, the basic circuit 20
conprises a resistor 21, a resistor 22, a coil 23 and a capacitor 24. The
coil 23 is aosmest ef haipweri tdethapedrt vsmivate 28 anthidiwatdWbahg!r M nal
26. The serial circuit conprising the resistor 21 and capacitor 24 and the
resi stor @8dare connected to both ends of the coil 23, respectively. The

ot her ends of the serial circuit and resistor 22 are grounded,

respectivel ya stephefhddik madwlating s iqaddmsayieoby, tassunigg t he
circuit constant for the resistors 21 and 22 as R the circuit constant for
coil 23 a9ff Ahe drdve readtagemf osrid high Froguwy amglkfier capacitor

24 as C, the input inpedance Zin(S)of the basic circuit 20 is cal cul ated by
the fol | oRAAgIf §PmAald band limited signal.

The ASK modulation method of the present invention
limits the band for waveform shaping with zero inclination
of the output waveform in rising of data signal, thereby
decreasing the higher harmonic component included in the
rectangular pulse of the data signal. As a result, the
occupled bandwidth of the output modu}ation wave and the
adjacent channel leak power will be decreased.

The band limiting is characterized by; N sets (N is an
integer greater than 2) of basic circuit which are
connected to the said data signal input, each of said
basic circuits having a coil L provided between input and
output and a serial circuit being one end connected to the
input of said coil L and other end connected to the ground,
said serial circuit having a resistor R and a capacitor C,
and the grounded resistor R is connected to the output of
the Nth stage of said basic circuit.

The number of stages and the circuit constant of said
basic circuit is decide by:

a step of calculating the output response assuming the

time constant T as a parameter when N = 2 and L/R = T,



z. (s) = sZLCR + s(CR2 + L) + R, ...... " s2LC + 2sCR + 1 " I 2
*Wherein, s = jl,U The inpedance connected to the output ternioerggvinoz
assurmed nuch larger than the value of R By setting each circuit constant
to meet the formula 2; L=CRZ~~~~~~~~~ formula 2 The following formula 3 can
be obtained. z;~ (s) =R~~~ ~~~~ ~ _~ formula 3 The input inpedance
Zin(S) becones constant independently of lhe frequency, and only the

resi stance conponent R remains. The resistor 22 connected to the output
term nal 26 can be substituted by a | oad connected to the output side, but
the value of this | oad nust be the sanme as the value of the resistor 21.
The other circuits than the band limting circuit 1 are described bel ow.

2 ~ NOV 2002 ~s Fig. 3 shows the configuration of the other circuits than

the band |imtdngt&hrépi f1tst determining whether said output response
satisfies the given D/U ratio and occupied bandwidth,

a step of second determining whether said output
response satisfies rises within the minimum pulse wide
when the rectangular pulse is an input,

a step of deciding the number N of stages and the
circuit constant of that time when said first and second
determining results are both satisfied, and
a step of lncreasing N and repeating sald first
determining step and second determining step when one of
sald first and second determining results is not
satisfied.

In said first determining, only one of the D/U ratio and
occupied bandwidth can be judged on some conditions of the

transmission system.

BRIEF DESCRIPTION OF THE INVENTION

This and other objects, features, and advantages of the
present invention will become more apparent upon a reading
of the following detailed description and drawings, in
which:

Fig. 1 shows a block diagram of the first embodiment of
the ASK modulation apparatus of the present invention;

Fig. 2 shows a configuration of the basic circuit 20

which constitutes the band limiting circuit 1;



The circuit 30 in Fig. 3 conprises another basic circuit 20 conne
sthe output termnal 26 of the basic circuit 20 instead of the?rZsNZPgrzqu

The basic circuits are connected in series as shown in Fig. 3. This circuit
30 is called a 2-stage circuit for description convenience. The inpedance
Zin(S) seen fromthe input term nal of thﬁgz-stage circuit 30 is expressed
by the followng formula 4. Zm(S) 1 1 1 R+ sCslL+ 11+ 1 R+ R+sL sC

| ~~~~~~~ formula 4 By setting the circuit constants to neet the foll ow ng
formula 2, as in case of the basic circuit 20; L= CR2 ~~~~~~~~~ formula 2
The following fornula 3 can be obtained. z,~(s)=R-~~~~~~~~ formula 3 2 ~
Nt7 V 2002 19 The input inpedance Zin(S) becones constant independently of
the frequency, and only the resistance conponent R remains. The 1-stage and

2-stage circui g9 pOf 3 Reh Ao dBHT L e aerbragtd i hastk ahover rdbeg capeui t

can be expanded further up to the n-stage circuit of the band Iimting
circuit 1 aswhi@M dohdtiikuths Allso,bad thim s, ciycset ting the circuit

constants to neet the following formula 2, as in case of the 1-stage and
2-stage circui Fig. 4 shows a configuration of the N-stage circuit
which constitutes the band limiting circuit 1;

Fig. 5 shows a step response waveform for each case when
the band limiting circuit 1 1is a l1-stage circuit, a 2-
stage circuit, a 3-stage circuit and a 4-stage circuit:

Fig. 6 1s a flowchart showing the method of determining
the number of stages and constant of the band limiting
circuit 1;

Fig. 7 shows an example of the circuit configuration of
a driving circuit 2;

Fig. 8 shows an example of the circuit configuration of
an ASK modulating circuit 3:

Fig. 9 shows an example of the circuit configuration of
the ASK modulation apparatus of the present invention;

Fig. 10 shows the signal waveforms of each part of the
ASK modulation apparatus shown in Fig. 9;

Fig. 11 compares the modulation characteristics of the
ASK modulation apparatus shown in Fig. 9, the ASK
modulation apparatus having no band limiting circuit and
the ASK modulation apparatus having an integration
circuit;

Fig. 12 shows a cilrcuit configuration of the second

embodiment of the ASK modulation apparatus;



L=CR2~~~~ ~~~ formula 2 The following formula 3 can be obt aQrVECNDy 2002
1~(S) ER~~~~~~~~~ formula 3 Hereinafter, the tine axis response upon input of
digital signal to the 1-stage circuit 20 and the 2-stage circuit 30 of the
band limting circuit 1 of the present enbodinment will be explained. For
sinplicity of description, as a typi cal g'gital signal, a signal with tine
t=0 and Vi"volt anplitude is assuned as Il nput signal. The result for a
general digital signal can also be easily extended fromthe foll ow ng
exanpl e, detailed description will be omtted. 2 7 N OV 2002 20 Assum ng
t he output voltage of the 1-stage circuit 20 as Vo"t (t ) , it is
calculated by the followwing formula 5. R -t V 1l-a L ta0 Vour (t)
......... formula 5 0 t (0 Assuming the output voltage of the 2-stage

circuit 30 asFyQuclg %ﬁbwslé df%éﬁﬂgﬂ&dﬁ (&dﬁéﬂﬂ&%i&%|éﬁ@ﬁﬁb£0rnu|a 6. R
R RV. ~ 1-e~L~ -- L~ t zO0 Vour (t) _ ~ L ......... formula 6 0 t(O
embodiment of the driving circuit 2;
Fig. 14 shows a circuit configuration of another
embodiment of the driving circuilt 2;
Fig. 15 shows a circult configuration of another
embodiment of the driving circult 2;
Fig. 16 shows a circuit configuration of another
embodiment of the ASK modulation circuit 3;
Fig. 17 shows a circuit configuration of another
embodiment of the ASK modulation circuit 3;
Fig. 18A and Fig. 18B show the frequency spectra of the
ASK modulation pulse and ASK modulation wave:
Fig. 19 shows a circuilt configuration of the prior art:;
and
Flg. 20 shows the ASK modulation characteristics

demanded for the present invention.

DESCRIPTION OF THE EMBODIMENTS
An embodiment of the present invention is described.
Fig. 1 is a block diagram of the ASK modulation
apparatus embodying the present invention.
A reference numeral 1 designates a band limiting circuit.
The band limiting circuit 1 is a constant impedance
circuit comprising a passive element, and having a

constant input impedance independently of frequency of the



Wen the circuit is further expanded, the output voltage Vd}ﬂ(twovﬁ%ggg
rnNn-stage (n is a natural nunber) band limting circuit is expressed
followng formula 7. n-1 1 Rk R~ - v-v vtk~e ~1tz0 Vo~~ (t) = n ~ k~ ~ 1L
........ formula 7 0 t(0 Wien the fornulas 5, 6 and 7 are
dlfferentlated and the inclination of j§he tangent Vout (t) to the step
I nput signal Vin at time t=0 is calculated the followi ng fornula 21 8
is set up for the 1-stage basic circuit 20. oat ~) ~et t I o~ V~. L
Ce formula 8 2 7 NO V 2002 For the 2-stage or nore-stage
circuit, the followwng 5 formula 9 wll beconme as follows. 0 . . -.
formula-9 et ~ ~- -
input signal. The band limiting circuit 1 inputs a high
speed data signal with a rectangular pulse wave, and
smoothes the rectangular pulse (data) against the response
on the time axis thereby limiting the frequency band.
A reference numeral 2 designates a driving circuit. The
driving circuit 2 functions as a buffer amplifier with a
voltage gain of 1 between the band limiting circuit and an
ASK modulating circult 3 described later. Therefore, the
voltage waveform output from the driving circuit 2 is the
same as the output voltage waveform of the band limiting
circuit 1.
A reference numeral 3 designates an ASK modulating
circuit. The ASK modulating circuit 3 comprises a high
frequency amplifier which is operated on the output
(modulating signal) from the driving circuit 2. The high
frequency amplifier goes into the operating region when
the rectangular pulse of an input signal is at the logic
level "1", and amplifies the microwave band carrier. On
the other hand, 1f the rectangular pulse is at the logical
level "0", it goes into the cut-off state, and cuts off
the carrier output. As a result, the ASK modulating
circuit 3 binary ASK-modulates based on the output
(modulating signal) from the driving circuit 2, and a

desired ASK modulated wave can be generated.

As seen from the above configuration, the present



Id

Thus, when the nunber of circuit stage is increased to 2 on t h

t he 4 nput signal changes di scontinuously 10 (step-Ilike), tﬁ%72NSX!J@QQg be
raised with zero inclination of the output signal waveform As a result,
when the band limting circuit 1 is connected in cascade to a 2 or nore
stages of circuit, the inclination of owgput response waveform can be
elimnated 15 when the rectangul ar pulse rises. After a large tine t,
regardl ess of the nunber of stages) the result will snoothly approach to
Vout ('t ) - Vi" Therefore, finally, the sane voltage as the input will be
obtained at the output 26. 20 Fig. 5 shows the output waveforns 42, 43, 44
and 45 respectively for the 1-stage circuit, 2-stage circuit, 3 stage
circuit and 4-stage circuit. 2 7 NO V 2002 22 As seen fromFig. 5, as
t he nunberinyeBtagas iisnehéased enized Rivp mronhddngr ihe dandrdriaidiigwgy .
Contrarily, as the time to converge to the final value is extended, it is
necessary $HTEBhE| def OrhEORFRIIL I diidge 8%y TEs@omSe far ddst ant so as

a2 2
hput 1 out pERCERARGAAE, Putes AR RechatatReitcnd S aRK LMl at  ons
or csent crioaihafind PLECHIEC'S oEitp Rl ool e 27
rapidly ChéﬂgLEﬂedhigﬁnkkaﬁg%gggr i £ler! NS Icihiedlichl it s Ut %vef orm

and shapes t signalf to ¢ no y. As the trans unct1on s) of

the band Tipat baePﬁitr gdighat tFhdh HrABand 1118 10y Widlcui4herhdfeby
expressed by the Tollowng formula 10;

performing binary ASK modulation.

The circuits of the above embodiment are described in
detail below.

First, operation of the basic cirguit 20 which
constitutes the band limiting circuit 1 is explained. The
basic circuit 20 i1s called a 1-stage circult for
description convenience.

As shown in Fig. 2, the basic circuit 20 comprises a
resistor 21, a resistor 22, a coil 23 and a capacitor 24.
The coil 23 is connected between the input terminal 25
and the output terminal 26. The serial circuit comprising
the resistor 21 and capacitor 24 and the resistor 22 are
connected to both ends of the coil 23, respectively. The
other ends of the serial circuit and resistor 22 are

grounded, respectively.

In the basic circuit 20 configured as above, assuming
the circuit constant for the resistors 21 and 22 as R, the

circuit constant for coil 23 as L and the circuit constant



H(s) ~ 1 ~ ~~~~~~~~n fornula 10 O +s LI JR The frequency chaijap@Vi2002 of
thisg time shows | ow pass 2 7 NO V 2002 23 characteristic. Thus, it
becomes obvi ous that the higher harnonic conponent of the signal can be
attenuated even in stationary state and this effect is |larger as the val ue
of nis greater. The concrete nethod of7 determ ning the nunber of stages
and the circuit constant wlll be explained. Fig. 6 is a flowhart show ng
t he net hod of determ ning the nunber of stages and the circuit constant of
the band limting circuit 1. As described above, by setting the nunber n of
circuit stage to 2 or nore, the signal can be raised with zero inclination
of the output signal waveform though the input signal changes

di scont i nuousI?/1 (step-like). Thus, first set n = 2 and substitute 2 for n
in the fofatl 8he capasidior e ututtheedpide inpedangs 2., (R) @il the by
taking the tinme,constant T when L/R = T as a_paranmeter (step 504). For a
certain tPABLEORITENL TR OydSe SRR G EY the Followdad frascuskar - hi gher
har moni ¢ conponent and adj acent channel interference requirenent (DU ratio
= 40dB or higher, and occupi ed bandw dth = 8MHzp-p or less) are satisfied
dependi ng on the output response condition. (Step 505). Further, as a

second condi tion, determ ne ther . he m nimum pul se width rising
characteristiczi) sat EQE ‘hﬁﬁdﬂ]ﬁ*‘ﬁ‘tl{l.o..m.ﬁﬁgglaZé}
" s’LC+2sCR +1

Wherein, s = jw. The impedance connected to the output
terminal 26 1s assumed much larger than the value of R.

By setting each cilrcult constant to meet the formula 2;

L= CR2 ......... formula 2

The following formula 3 can be obtained.

The input impedance 7,,(S) becomes constant independently
of the frequency, and only the resistance component R
remains.

The resistor 22 connected to the output terminal 26 can
be substituted by a load connected to the output side, but
the value of this load must be the same as the value of
the resistor 21.

The other circuits than the band limiting circuit 1 are

described below.



(Step 506). For exanple, as Manchester code is used in the 2ZtNOV gg[]z
vtransm ssion systemto which the present invention is appli

signal of duty 50% requires 500ns to becone the logic |evel "1". Therefore,
t he out put waveformof the band Iimting circuit 1 needs to be 90% or nore
of the maxi mum anplitude within 500nsjg0btain the tinme constant T that

sati sfies the above conditions by varying the tinme constant in this way
(Step 503 - 508). If such a tinme constant exists, decide the circuit
constant fromthis time constant. (Step 510) If an appropriate tine
constant is not obtained, repeat r the sane process for n = 3. (Step 509)
Determ ne the nunber n of circuit stage and the tinme constant T that
satisfy the first and second conditions by gradually increasing the val ue
of n. AfteFighe 3 ishovsbnshaneonfigugatiee, of htheiother ebreudhe L, C, R
wlll be determined fromL = CR2. For exanple, when the above nentloned

syst em i $h@a| @@Ieatbéﬂldﬂa]sitéﬂl%nghﬁiFPB%hhrt of Fig. 6,  the number N of
stages = 4, R=1kS2, C = 50pF, and_L = 50uH. In the above descrlptlon t he
circuit cofbeafieadt teatth %@aﬁ%gof3tﬁ%mEF?%%ﬁta%ﬁﬁp?HeH?$%%lc PedFer, if

st ggimi"?' " gopestc 1o Suf certaft: BBEnnab Ak vy t-les:ﬁ #45 and coi |

[ 0
are. di 11 EPERES CZE) IEend, 5 50 Febi %és?én tomefarehRtbtesna
anal ysi s s COUAIGALEhy Yoy A8 Ry s PLengfl f nventi on,

it is deS|ra 0 connect Sévera baS|c cIrcurts and unrfy circuit

constant 803552 Qe RANSL St ab4 | B9rEhitUbbr d0sLRFpEPOYcORIERLBR. 1 he

first and secon conditions are et ermned for t a conmuni cati on

system t o whieChpigeRiat s et (59V8BenORrbA 8RE! 1RPut! tekMiRRYI BYS thizat the
actual conditions differ d“épendl ng on the data communi cation systemto be

used. Fop-gtege! Jitrdai IOMENeRBELLSBedYBY ethe | foTBywheg SBbmaNLanta .t o

consider only the DU ratio or the occupied bandwidth. In this case, it is
sufficient to consider only the DDU ratio or the occupied bandwi dth in the
step (505) of the first condition. The driving circuit 2 wlll be expl ai ned
bel ow. As shown in Fig. 7, the driving ci.rcuit 2 conprises two transistors

51 and 52 conbined as an enmitter-follower. The reference nuneral 53 is tHe
i nput term nal tlo input the signal fromtlhe band imting circuit 1. The
reference numerdl 54 is the output termnal to supply power fromthe
term nal 55. 1 1
z,(s)= A formula 4
R+— 1 1
sC sL + T +
R 4+ — R +sL
sC

By setting the circuit constants to meet the following

formula 2, as in case of the basic circuit 20;

LL=CR?-ecvvne formula 2

The following formula 3 can be obtained.

z,(8)=Rewreeree formula 3



The driving circuit 2 is provided between the band limting ciggu
ASK ‘nmodul ating circuit 3 and 2 7 NO V 2002 26 functions aéii'bﬁﬂﬁezﬂﬂz

anplifier with voltage gain of 1. Therefore, it is a current booster
circuit to receive the output voltage fromthe band limting circuit 1 and
out puts the sane voltage. The vol tageijgavef orm out put fromthe driving
circuit 2 becones al nost the sane as the output voltage waveform of the
band limting circuit 1. The circuit shown in Fig. 7 is of the
emtter-foll ower type with high input inpedance and | ow out put i npedance,
and the band limting circuit 1 operates ideally. It allows to take in and
di scharge large current for the ASK nodul ating circuit 3 of the output

side. Accordingly, even if the current to be supplied to the ASK nodul ati ng
circuit 3 Bhet hapudadmpesiangesia{hé Beconey eonstant 2ipdependea tiy
directly. The ASK nodulating circuit 3 will be explained below Fig. 8
shows t hefcshei Freauencior 3k PREN therRHLStanss i ¢ompoReREURt that is
used as an exanple of the ASK nodulating circuit 3 in the enbodi nent of the
present FCRPEATSon. The high frequency anplifier circuit is the source

P25 BT S R it 8 SRR O
Lot ook doB R A e L E LB G hatR T fEchBE

connecte C e signal Ts appl rom riving 2
7 N OV 2002, 27 .&i.r cul ek ( ' I romthe
driving g rgéi ttﬁf)(hl sstts epI I ed l%:get(ﬁg r%i%ﬁ%ﬁn%#%? ?'ﬂgéﬁ;ﬂgl g ef f ect

Lransi st g6 Bhowd 1BPHN! 141 g e Dhoenis adyen By sdetshgechboh frequency

carrier supp romthe carrier inpuf term nal to the"gate termnal is

anpl i fi edsapdik’ JdnEtdAS (F0imdét Ubhé 8¢S owiyg Fermigr 2 hagd, jwhen the

power supply for the field effect transistor 61 is interrupted (the | ow

| evel outpele bfomnda Htagecamdrzustage  chrea@itser i s not outputted at the
nodul at ed wave out put term nal 65. Therefore, by turning on/off the

rectangul ar pul se of the input data, a binary ASK nodul ated wave wi th good
on/off ratio will be outputted at the nodul ated wave output term nal 65.

L=CR2...... ...formula 2

Hereinafter, the time axis response upon input of
digital signal to the l-stage circuit 20 and the 2-stage
circuit 30 of the band limiting circuit 1 of the present
embodiment will be explained.

For simplicity of description, as a typical digital
signal, a signal with time t=0 and V,, volt amplitude is
assumed as an input signal. The result for a general
digital signal can also be easily extended from the

following example, detailed description will be omitted.



In the present enbodi ment, the power supplied fromthe drivi ng [ NON 2002 s
'supplied to the field effect transistor 61 or an anplitude nodul ator

t hrough the high frequency choke coil 63. The high frequency choke coil 63
is provided to prevent the carrier frombeing flowing into the power

supply. The concrete configuration of dge ASK nodul ati on apparatus will be
expl ai ned below. Fig. 9 shows the circuit diagram of the ASK nodul ati on
appar at us. 2 7 wo v Q02 28 The ASK nodul ati on apparatus uses the above
mentioned 4stage circuit in the band limting circuit 1, the buffer
anplifier of Fig. 7 in the driving circuit 2, and the high frequency
anplifier cifcuit of Fi. 8 in the ASK nodulating circuit 3. As seen from
Fig. 9, the band Iimting circuit 1 conprises only a sinple passive part,
not using Asomplrex toei ovtpatt voldiages of d¢hgi tlals thiget er richeitt i20 cds en used
in a frequency band limting circuit. Operation of this ASK nodul ati on
appar at u¥.wi (1) beiéxpbaicadeWdalrd WY gthe Eahowindef eimgnbd Svavef or m of
each part of the block diagramof Fig. 9. First, in Fig. 10, the baseband
signal (digital signal) is applied to the baseband signal input term nal 25
of the band limting cjrcuij 1. This baseband signal is frequency limted
by the band Iinitipg. i,rcurg 1. The mavefg m of the output signal snoothly
rises and jal Lté__a akn 11 the tf me axis, 4= ¥hown i nekhg,1,16, The out put
signal fronffheée band INnmitin ""“'Ufto tfie driving circuit

2. As the driving|@ircuit 2 functions as a(@uffer anplifier with the

vol tage gain 1 bettween the band |imting circuit 1 and ASK nodul ating
circuit 3, the output voltage waveformis equal to the output voltage
waveform of the band limting circuit 1. The output signal of the driving

2 7 N O V 2dBimidfyg CtHé Ubtt Buts velitlaiged olf0 thie 2A8lkaged Wil Qo @&t 3.
For the description sinplicity, the shift equivalent to the voltage drop
bet ween the baye amdiencallenleftddicoyt rinsifdliowing®nidimilia The ASK

nodul ating circuit 3 turns on/off the field effect transistor by the output
signal voltage fromthe driving circuit 2, thereby turning off the carrier
of the externally entered m crowave band and perform ng ASK nodul ati on

(bi nary ASK) and geniratLﬂg hhe ngired ASK nodul at ed wave 84 at the

nmodul at ed wave oyrputlterfi-nal 65 t=0
our (£) = L /L formula 6

0 0

When the circuit is further expanded, the output voltage
Vo (t) of the n-stage (n is a natural number) band

limiting circuit is expressed by the following formula 7.

il 1 /R)f X —%«
Vou (1) = Vi {1_(2 k! (_Ij) vee =0 .. formula 7
0

When the formulas 5, 6 and 7 are differentiated and the
inclination of the tangent V. (t) to the step input

signal V, at time t=0 is calculated, the following formula



That is, in the normal operating state with the power sup;ﬂ ﬂeN,OVh@D@Z;K
‘modullating circuit 3 anplifies the carrier entered according to the Supply
vol tage, and does not output the carrier in the power interrupted state.
Therefore, by turning on/off the power supply, it can output a binary ASK
nodul ated wave with good on/off ratio. The ASK nodul ating circuit wlll be
explained in detail. Let's assune that tB& ASK nodulating circuit 3 is a

| i near nodul ator. An envel ope of the ASK nodul ated wave becones to be
simlar to the output waveformof the band limting circuit 1. A spectrum
of the nodul ating signal will appear on both side bands of the nodul ated
wave spectrum Therefore, by decreasing the higher harnonic conponent
included in the input rectangular pulse in the band limting circuit 1, the

Che. output - Ao S8 WRvE Lot rafrda it te dnfed et idanpl i 1uge

nodul ation circuit perforns non |linear operation displaced a little from

| i ner operation, the higher conmponent of the nodul ated wave side band can
be decreased by reducing the higher harnonic conponent included in the

i nput rect angulé}@;ﬁ,ﬂ se iy t.fﬁ..bandf(lninmlat igi)g circuit 1, and the occupied
bandwi dt h and adjtcent™chafinel. | eak power can al so be decreased. The
nodul ati on characteristic of the ASK nodul ati on apparatus of the present
enbodi ment (the nunber N of stages of the band |imting circuit 1 = 4, the
circuit constant | kS~, C = 50pF, L = 50u i s conpared with_those when the
band |imtingFon d&he 3tREe RQEIMARS- t‘ﬁ%r‘b‘ﬂnf rihenfedlaviBe circuit

is provided, b sing the dul ation ¢haracteristic shown in Fig. 11. In
Fig. %11, a F%ﬁé?gﬁbégﬁﬂﬂﬁ*a e@%mﬁe§§gﬁ3f£%w?he nodul ation characteristic
when the band limting circuit 1 of the present invention is used, 92

desi gnates the nodul ati on characteristic when the primary integration
circuit of RFICis used, and 91 designates the nodul ati on characteristic

when no band IiAV&Kﬁ% cit ”Lt“Lﬁ%ﬂﬁ§P'9ln t hese nodul ation characteristics,
se

t he 99% occupi ed gandtt®dt h and par at ed adj acent channel power are
al so conpared. The nodul ati on speed of the base band"

Thus, when the number of circuit stage'is increased to 2
or more, though the input signal changes discontinuously

10 (step-~1like), the signal can be raised with zero
inclination of the output signal waveform.

As a result, when the band limiting circuit 1 is
connected 1in cascade to a 2 or more stages of circuit, the
inclination of output response waveform can be eliminated

15 when the rectangular pulse rises.
After a large time t, regardless of the number of stages,
the result will smoothly approach to V,, (t) = V.
Therefore, finally, the same voltage as the input will
be obtained at the output 26.
20 Fig. 5 shows the output waveforms 42, 43, 44 and 45
respectively for the 1l-stage circuit, 2-stage circuit, 3-

stage circuit and 4-stage circuit.



z ~ ~,0Vv zooz sl signal is 2Mops, and the carrier frequency_is

According to the characteristics shown in Fig. 11, the 99@6026Ldﬂ@&/2002
bandwi dth is | 3MHzp-p when no band limting circuit is used, while || MHzp-p
when the RC circuit is used as a band limting circuit. VWth t he ASK

modul ation apparatus of the present ipgention, the 99% occupi ed bandw dth
is 7TMHzp-p satisfying 8MHzp-p or lower requirenent. As to the adjacent
channel | eak power separated |OMHz fromthe central frequency, the DU
ratio is 35dB when no band limting circuit is used, while 38dB when the
primary integration circuit is used as a band limting circuit. Wth the
ASK nodul ati on apparatus of the present invention, the DU ratio is 45dB

i nprovi ng 7dB conpa ed wiih the ry integration circuit. This will
sal sty thih r Yui RBACEP (YRS OF HUREPD LACERRFSSAS o the

but_ showrtHdh & ?@aratﬁif%2¥'$55§?$‘é9$ a%@%%!l@?#f#‘ﬁ&fé?ﬁgﬂ hoae o
the requ'trjg[ge 20%oriol 50 SEETALOMEDE. PRANE L85 ARRR (I ASK rodul ation

appar at us res i AventTon sa I'es requir ation
charact erg Ol y1 488 £RHAE' ARGk fsgfc H atisfied
with the A%élébcssadiyaéﬁong%%par at USéI n |éch onl "S"t%% %r?? n’gl??/ %%fgg:}gu on

circuit isonstént so%ad €80doRveR§8ViwleHin THRS Qf\ﬁi:@mmﬁ hsufX¥ nodul ation

apparatus of the present invention satisfies all conditions including

adj acent ddrnticdn | @fiktievwbripabtdd2§¥tatcspgral bandw dt h and provi des good
on/off ratio in a nobile termnal required to be conpact and power-savi ng.
A second erisiiiadklky. ofhe mupbexecnf &hagesiand\ild dbrcettrcomsgtbekow. Fig.
12 shows a circuit diagramof the second enbodinent. In the second

enbodi merfiust Hee gietermined cbyt congidertng the gemevakent is omtted. The
second enbodi nent can be configured when sufficient driving current is
avalIabIePh%F%F?%E%S%%ﬂdwhﬁﬁnﬁPmbeﬂiég the glaterstagexinpaty autpyYtei r cui t
3in alater stage, is nore_desirable to use the drive circuit 2 or a
buf f er euﬁﬂ???%ﬁe¥¥ﬁ9$%w95¢ medplatipe, apd oRaltng LeOmPRERTt in the previous

stage. simulations or experiments.

As above described, the band limiting circuit 1 of the
present embodiment, 1f 1t has two or more stages, will
eliminate the rapidly changing discontinuous portion of
the input digital signal waveform and shapes the signal to
change smoothly.

As the transfer function H(s) of the band limiting
circult with n stages (n is a natural number) is expressed

by the following formula 10;

H(s) = 1 formula 10

=)

The frequency characteristic of this time shows low-pass



A third enbodi ment of the present invention will be describe I Fi g.
‘13 shows a circuit diagramof the driving circuit 2 in the tgl?rjgvﬁ\v 200%
enbodiment. In the third enbodi ment, the driving circuit 2 uses an
operational anplifier 121 as a voltage follower. It is necessary to set the
take-in and di scharge current of the ougput term nal 123 | arge enough to
drive the ASK nodulator 3 in the |later stage, but the input inpedance is
A1l 27 NOV 2002 33 high and the output inpedance is low, and the circuit
is an ideal buffer anplifier with linear characteristic. A fourth

enbodi nent of the present invention will be described below. Fig. 14 shows
a circuit diagramof the driving Tircuit 2 in the fourth enbodinent. In the
fourth enbodiment, the driving circuit 2 adds resistors 131/132 and di odes
133/ 134 t o PAFaFISTHYE LT r chrES 2 1h RPeOmes APEMNYi that  the higheTe the

[ t/output i ity. Th [ 131/ 13 ' d by t I
135"t hr ougaOTES; Stpanant) 955805 "thanat G Gt P ETanarePndn | ¥
itt d.b f i 5 T b, h

omi tor andpiaprar o tehe e thle RARE TS IAT A | OFe T N8 ooy

enbodi nment , ly, this voltage drop causes a switching distortion
when t he iﬁbﬁ#iﬁggg%géél is close to the mddle of the supply voltage. Wth

the confi gur &y OnGiOMEEd mEtBod 165 aééénﬂiﬁxgge t%rgét] HRRSe R0 £ ?ﬂeﬁgeénd

i deal linear input/output characteristic can ptained. A fif
enbodi ment g tiife RELSGRL t1 BYRBEARE Will be &esTdiked. bel ow. Fig. 15 shows

a circuit diagramof the driving circuit 2 in the fifth enbodi nent

Fig. 6 is a flowchart showing the method of determining
the number of stages and the circuit constant of the band
limiting circuit 1.

As described above, by setting the number n of circuit
stage to 2 or more, the signal can be raised with zero
inclination of the output signal waveform though the input
signal changes discontinuously (step-like).

Thus, first set n = 2 and substitute 2 for n 1in the
formula 7 to obtain the output response (step 502).
Calculate by taking the time constant T when L/R = T as a
parameter (step 504).

For a certain time constant T, determine whether the
out band unnecessary higher harmonic component and
adjacent channel interference requirement (D/U ratio =
40dB or higher, and occupied bandwidth = 8MHzp-p or less)
are satisfied depending on the output response condition.
(Step 505).

Further, as a second condition, determine whether the

minimum pulse width rising characteristic is satisfied.



27 NOV 2002 ., 34 Inthe fifth enbodi nent, the operationag anplifier 121
s conbined with a current anplifier. That is., the third a 7th]Vh200¥
enbodi ments are conbined. Wth the configuration of the fifth enbodi nmen

as the switching distortion of transistors 51/52 is inproved by feedback.
Further, the input inpedance is high, a 24rge current is taken in and

di scharged in the output side, and this circuit can also be effectively
operated as a power supply in the |ater stage. A sixth enbodi ment of the
present invention wlll be described below Fig. 15 shows a circuit diagram
of the ASK nodulation circuit 3 in the sixth enbodiment. A reference
nunmer al 200 designates a capacitor, a reference nuneral 201 designates a
resi stor an ref ncg,nuneral 02 gate

a e designates a termnal to suppl

bias. The ASRLRBIGOS0IndoH rAAPLE prag MARGHATE s w3 faeti pl e

t f hj f li f] t f i t ff ratio.

The modul at BEASHERREL s o kR B (i Ry R LR G e ne
nmb f hi d £ el ' f t d

mount i ng. spapltpal AR RIGEY 5 WAy MY WWelhrdd B o ot the

present invgRLbAR Whle 1R%yidesidvdrd bel Merefore N the’ &%@Qva\reform

of the band limiting circult 1 needs to be 90% or more of
the maximum amplitude within 500ns.

Obtain the time constant T that satisfies the above
conditions by varying the time constant in this way (Step
503 - 508). If such a time constant exists, decide the
circuit constant from this time constant. (Step 510)

If an appropriate time constant is not obtained, repeat
the same process for n = 3. (Step 509) |

Determine the number n of circuit stage and the time
constant T that satisfy the first and second conditions by
gradually increasing the value of n.

After the time constant T is decide, the circuit
constant L, C, R will be determined from L = CRZ.

For example, when the above mentioned system is
calculated based on the flowchart of Fig. 6, the number N
of stages = 4, R = 1kQ, C = 50pF and L = 50pH.

In the above description, the circuit constants of each
stage of the circuit are identical. However, if the
formula 2 is satisfied and the input impedance is unified
in each stage, it is possible to select different

capacitor capacity and coil inductance in each stage. But,



Fig. 17 shows a circuit diagramof the ASK nodul ating circuit iTn &{W 3902
seventh enbodinent. _ In the seventh enbodi nent, a bipol ar transilst 3

is used instead of a field effect transistor. A typical configuration has
been explained in the sixth and seventh enbodi ments, but it is possible to
conbine a field effect transistor withgg bipolar transistor as a
configuration of the ASK nodulating circuit 3. It is also possible to use
an I C anplifier available on the market. In any case, it is desirable to
set ASK of the output nodul ation wave to be proportional to the supply
voltage, that is, as a linear nodulator. The ASK nodul ati on apparatus of
the-present invention uses a band limting circuit conprising a passive
circuit to shape the discontinuous part of a step |like changing digital

si gnal wavdf dhe spixeit | genshantsnase diffepemteinuepoh btagess they 0, and
the output signal is used to turn on/off the power supply to the high

f r equency Cdfmsuit cdegign becemesi dilfflgedl andanya #od8l at ed wave. The

band limting circuit of the ASK npdul atign apparatus of "'t he present

i nvent i onCOIMIAICELDNISP padsi 4B FHPt eMRRdHeRt 0f cEhRtBFESENEsi | and a
capacitor. This jis effective for wer power consunption and conpact
circuit. %&Wﬁi;%oﬁﬁ; tw%%lgeﬁgﬁﬁhgﬁuiﬁt?%ﬁn%$ﬁa§%Y aliBasifze is nuch

conpact and_th ower. consunption s h | es 2 7 00Z 36 than an
ASK. modul SR AE LY nERe GREFRLE FOTTERRtS A% 18 BARGS PARE) ng
circuit. I ASK nodul ati on apparatus of the present invention
can be nngn ggﬁﬁﬁpégg%%ggtbf 30 mm square if it is nmounted on a PC board.

If a digitmIJiﬂﬂé”éﬂé%éfﬁ?@éfﬁ%??@ﬁ?etﬁ@ ff%%{ﬁg%ﬁa%égqngircuit of the

equi val ent performance, ere nount 1 Nng space e 5- 10 times

larger. Thendfi¥ionsSatdcadEriRAshakbPNt s Fgakd SbnkliS184€86At | nvention
does not use a digital filter as a band Iimting neans, power supply and

synchr onoggy sdleat b Ul oh atRe  pHESBAESSAVEnt Bl DHtAPHIISE. ATRDAIS €
term nal demanded to be conpact and | ow power consunption. Further, the

band |i m bbwd.oiis athdt ofhé hacpaateobndbvons ol fitsr | dgpéndfngdancetraiat is
constant over all frequencies and consists only of resistance elenent. This
makes it dafth cdrmimdcccion usystensho ybeousedi sfor bancersath data ppl e due
to reflection of base band signal, ringing of signal and overshoot. This
suppr essesogpuaddiatiarl swetenn itegagnky sutblgientetanceneideary conponent
produced by the wave disturbance, and reduces the unnecessary conponent
such as I@&QégéhﬁbIbﬁfd@%ﬁ*°cﬁﬁnh€?.occuPied bandwidth. In this case,

it is sufficient to consider only the D/U ratio or the
occupied bandwidth in the step (505) of the first
condition.

The driving circuit 2 will be explained below.

As shown in Fig. 7, the driving circuit 2 comprises two
transistors 51 and 52 combined as an emitter-follower. The
reference numeral 53 is the input terminal to input the
signal from the band limiting circuit 1. The reference
numeral 54 is the output terminal to supply power from the
terminal 55.

The driving circuit 2 is provided between the band

limiting circuit 1 and ASK modulating circuit 3 and



2 7 N OV 2002 37 What is olained is: 1 An ASK nodul ati on apparatus which
+nodut ates a rectangul ar hi gh speed data signal within a m crowave band

conprising: a band limting neans for waveform shaping to lewm;j n?

inclination of an output waveformat rising of data signal b

passi ve el enent, and an ASK nodul at i means for inputting carrier wave of
a mcrowave band and ASK-nodul ating said carrier wave by turning off the
drive voltage of a high frequency anplifier based on the output of said
band Iimting nmeans. 2 The ASK nodul ati on apparatus of claim1, further
conprising a drive nmeans having a buffer amplifier for driving said high
frequency anplifier, wherein said drive nmeans being connected to the out put
of said band limting means. 3 The ASK nodul ati on apparatus of claiml,
wher ei n Saiak bamsl 4snat buf ferangpddifpers os thheoltages galini ©farl i nt eger
greater than 2) of basic circuit which are connected in cascade to data

si gnal iThmnefoxe t hétgisuadetrreditsbgosReeicdgcudiindot ¢ ed viehetloait put  of
the Nth stage of the said basic circuit; wherein each of said basic

ci rcui t QU serlbagei frempthe beddpdipdédngnpdrcadd duemd® and a serial
circuit being one end connected to the in%ut of said coil L and ~ ~~~ a~
2002 38 VRGN ofAREt ¥A1EGIEne THCoTRA LGS Wavefram outdit fF%RMng a
resi stor R and, a, capacitor  C, 4 The ASK npdul ati on apparatus of claim 3,
Wher of b ik ABDLEIES CPTEGRLT 2 DoRUes SHboSE: bty Same” BB 1S The. ASK

nodul ati on _appar s of clai.m 3, ei n_the.connection_n er. N and the
cirguitIo rﬁgiﬁhgﬁiﬁagggp cP&Q&bPIg@Bgn&igﬁgﬁﬂglfaﬁﬁgggé hse of said
dat [ 6. . | qt.i t ' ' h

ata sl gnaﬂhr?u r%iéxfhg\'\f‘g%@ﬁ'}ei §h! 89 2PRAL QL U %Fclgg@g‘tgr-%ﬁ&%%é €

connection _ Circart constant O _ asiccircuit depend
on the ni tv!r{“ﬁh %%gﬁeiﬁﬁﬁttaﬁﬂl leﬁran%v‘agﬁf %%t Gu%P&‘Eahmgﬁéz%% ; band
unnecess hi'gher rnont ¢ conponent and the suppressiofi of adj acent
carrier £ iMAeMad LB PRdY airdehitaveopérit8sASHeamdy. atiton apparatus of
claim 1) wherein said buffer anplifier conprises two transistors comnbined
in the euiltdw -£6! tawer ihypdd discharge large current for the ASK
modulating circuit 3 of the output side. Accordingly, even
if the current to be supplied to the ASK modulating
clrcult 3 or the load increases, the driving circuit 2 can
drive it directly.
The ASK modulating circuit 3 will be explained below.
Fig. 8 shows the configuration of the high frequency
amplifier circuit that is used as an example of the ASK
modulating circuit 3 in the embodiment of the present
invention.
The high frequency amplifier circuit is the source
grounded type high frequency amplifier using a field
effect transistor (FET) 61. As shown in Fig. 8, the drain
terminal of the field effect transistor 61 is connected

with a high frequency choke coil 63 that is connected the

terminal to which the signal is applied from the driving



8 The ASK nodul ation apparatus of claim1, wherein said buffer2amNOM 2002
‘conplises an operational anplifier. 9 The ASK nodul ati on apparatus of claim
1, wherein said buffer anplifier conprises an operational anplifier and a
current anplifier. 10 The ASK nodul ati on apparatus of claim1l, wherein said
hi gh frequency anplifier conprises fieldogffect transistor connected to M
stages (Mis an integer greater than 1). 2 ? N OV 2002 39 11 The ASK
nodul ati on apparatus of claim 1, wherein said high frequency anplifier
conprises bipolar transistor anplifier connected to Mstages (Mis an
integer greater than 1). 12 An ASK nodul ati on apparatus Wi ch nodul ates a
rect angul ar hi gh speed data sitgnal within a m crowave band conprising: a
band limting circuit having four basic circuits that are connected in
cascade to sairxtuht a2si gnal input, each of said basic circuits having a
coil L provided between input and output and a serial circuit being one end
connected to tWeen nphe péweni ((thei highahdveiihentpnti foomethed drd iy
ground, said serial circuit having a resistor R and a capacitor C and the
grounded restisteniR 2y tsnauppddietdotohsheudpatnoterndnaihodt Ape dialik said
basic circuit, and an ASK nodul ati ng neans for inputting the carrier wave
of a nicrow@ﬁ?%ﬁﬁuﬁ%ﬁﬂs¥§mpﬁnéﬁhaPPn§P§§PHré3FPiSﬁtﬂapgaﬁyiﬁuH¥W%P(ﬁ¢ t he

drive voltage of a high freguenc anplifier based on the output of said
band 1imiti S@%a‘%‘? Bl EreaaReRGY FATFdRTaSPRPALES SFOm 4h® FATBARY ner

i ah 1 equentPEhErTRLpas e BN ESoTpUBase SaFHLBaRd R AP AAard 14 An
ASK nDduIatHg%gﬁgﬁgégéaa}*ﬁ#cmlﬁgg%kgkgaéqbaHZ ~ N o v 2002 40 rectangul ar

hi gh speed da n~a m crowav d conprising: a band limting

cireuit havingfouge b%ﬁﬁ%:fchéﬁgi,t&hlaﬁafth@r goﬁr@?r‘g\%ﬁgyi @gﬁ%ﬁ%%f&éai d

data signal input, ea sard basic circurts h a provi ded

bet veen | NPuke A Ok Pib1 886r 26301 5AhnEbiptoBCi Ble08we L AN RRARTE ! ©

the input of said coil L and other end connected to t ground, sald serial

circuit havig¥bm £€8| &E2viffgasliraud@pagi,t ar cerraed 1BenstobRdpRhtesd d®r R
is connected to the output of the 4th stage of the said basic circuit, a

buf fer anpl ifhermb@vlagedhwatrer sutpad teemidallr g8si stors connected to said
band limting circuit and conbined in the emtter-foll ower type and

Therefore, by turning on/off the rectangular pulse of
the input data, a binary ASK modulated wave with good
on/off ratio will be outputted at the modulated wave
output terminal 65.

In the present embodiment, the power supplied from the
driving circuit 2 is supplied to the field effect
transistor 61 or an amplitude modulator through the high
frequency choke coilil 63. The high frequency choke coil 63
is provided to prevent the carrier from being flowing into
the power supply.

The concrete configuration of the ASK modulation
apparatus will be explained below.

Fig. 9 shows the circuit diagram of the ASK modulation

apparatus.



a high frequency anplifier circuit having a source grounded thL NUevggpz
veffect transistor (FET) which inputs the output of said buffer anplifi to

the drain and the carrier of the mcrowave band to the gate. 15 An ASK
nodul ati on apparatus whi ch nodul ates a rectangul ar hi gh speed data signal
within a mcrowave band conprising: a p&nd l[imting circuit having four
basic circuits that are connected in cascade to said data signal input,
each of said basic circuits having a coil L provided between input and
output and a serial circuit being one end 2 7 NO V 2002 41 connected to
the input of said coil L and other end connected to the ground, said serial
circuit having a resistor R and a capacitor C, and the grounded resistor R
is connected to the output of the 4th stage of the said basic circuit, a
buf f er anpl iThieeASaviadp bat bper apParatuanpied i dre e teentiored d4band
limting neans and a current anplifier connected to the output of the

oper at | on&tageplainart sy Bhey Band kiR Hdreuiterl ¢ i bufberng a
source grounded t%Fe field effect traﬁgiiégr whi ch iqfuts t he out put | of

sai d buf f 8PdFHET QF (Folq he’ dHRi Hhan T AT G2 ¢ RPY ErewWRYEPband to

the gate. .16 An _ASK nodu ion peth [ dul at.es ect angu] ar hi gh
speed dat 2 TSR atr?ﬁ%riéi?ﬁ c?gﬁﬁ\}gg b%ﬁf@b%rf%ﬁ}be tzﬁ'%E Jie gf%%ingand

limting fQqr %ﬁyef rmshaping to elimnate the inclination of an out put

wavef or m &t rlsﬂhdgbf said data signal by using a passive el enent,

AP or "o 5 P Frf 6T . (RS VNP DA ARG 2000 B¢
STV L) o SAEAL G AT gt harl] e (ST ahesey 101,
| ~OV 2pp2 active part such as a digital filter that is often used in
a frequency band limiting circuit.
Operation of this ASK modulation apparatus will be
explained below. Fig. 10 shows the signal wavefor@ of each
part of tﬂe block diagram of Fig. 9.
First, in Fig. 10, the baseband signal (digital signal)
is applied to the baseband signal input terminal 25 of the
band limiting circuit 1. This baseband signal is frequency
limited by the band limiting circuit 1. The waveform of
the output signal smoothly rises and falls against the
time axis, as shown in Fig. 10. The output signal from the
band limiting circuit 1 is applied to the driving circuit
2.
As the driving circuit 2 functions as a buffer amplifier
with the voltage gain 1 between the band limiting circuit
1 and ASK modulating circuit 3, the output voltage
waveform is equal to the output voltage waveform of the

band limiting circuit 1. The output signal of the driving



42 N sets (N is an integer greater than 2) of basic circuit mB{ZHVQWéZOOZ
»connected to the said data-signal input, each of said basic circuits having
a coil L provided between input and output and a serial circuit being one

end connected to the input of said coil L and other end connected to the
ground, said serial circuit having a rggistor R and a capacitor C, and the
grounded resistor Ris connected to the output of the Nth stage of said
basic circuit. 18 The ASK nodul ati on nethod of claim 17, wherein the nunber
N of stages and the circuit constant of said basic circuit is decide by: a
step of calculating the output response assumng the time constant T as a
paraneter when N =2 and L/IR =T, a step of first determ ning whether said
out put response satisfies the given DYU ratio and occupi ed bandw dth, a
step of s&ddsdidetZeris mPRlipet her thai 4SKumpdnlatingnséreuttspiefori ses

wi thin the m ni nrum pul se wi de when the rectangular gulse IS an input, a

step of d&BRJIAeF PRI FLIRPHECLE gethandifE earivipierbnEPatheof t hat
time when said first aqg second get rninina reiults are both satisfied, and
a step ofvpﬂéfﬁﬁ%i I\ ReteeRek ?n§a§3i8“ i PR+LERY ePHi FMfig step and second
det er m ni ng._st ep. . when, one id first and second determning results is
not satisF%g.éisﬁ?n-*$(RP§%B§&43 19 The ASK nodul ation nethod of claiml7,

wher el thepuioh Wy LEA%S BECRUE §TEGULL GRASERNNG! c3@1] Dasl C

circuit is by: a’s cul at rng response assum ng

Lhe time SeRRldfllbfidedRIBYCERE BhePut! 516na0vbiFage er8mspAR OF 17t

determ ning whether said output response sattsties the"given DXUratio. a
step of S@eqRd dpiarBdiPR WﬁébﬁatdrﬂyﬁQU&ffeﬁﬂ@ﬂé&rfféfsar_e%h@ ses

within the m ni rum pul se w de en the rectangular pulse is an input, a
step of degt@rdaliie entdrsd Moérswagesband 4h€ performing ASK

modulation (binary ASK) and generating the desired ASK
modulated wave 84 at the modulated wave output terminal 65.
That is, in the normal operating state with the power
supplied, the ASK modulating circuit 3 amplifies the
carrier entered according to the supply voltage, and does
not output the carrier in the power interrupted state.
Therefore, by turning on/off the power supply, it can
output a binary ASK modulated wave with good on/off ratio.
The ASK modulating circuit will be explained in detail.
Let's assume that the ASK modulating circuit 3 is a linear
modulator. An envelope of the ASK modulated wave becomes
to be similar to the output waveform of the band limiting
circuit 1. A spectrum of the modulating signal will appear
on both side bands of the modulated wave spectrum.
Therefore, by decreasing the higher harmonic component
included in the input rectangular pulse in the band

limiting circuit 1, the occupied bandwidth and adjacent



circuit constant of that tine when said first and second det@r]ﬁNuDr\gzgglzd
‘resufts are both satisfied, and a step of increasing N and repeating

first determ ning step and second determ ning step when one of said first
and second determning results is not satisfied. 20 The ASK nodul ati on

met hod of claim 17, wherein the nunber N Bf stages and the circuit constant
of said basic circuit is deciding by: a S ep of cal cul ating the output
response assuning the tine constant T as a paranmeter when N = 2 and L/R =
T, a step of first determ ning whether said output response satisfies the
gi ven occupi ed bandwi dth, a step of second determ ni ng whet her said out put
response satisfies rises within the m ni mum pul se w de 21 N O V 2002 44
when the rectangular pulse is an input, a step of deciding the nunber N of
stages and tdiafid Ui dakOpstapt off thBabutphi® Mb@1s8Ld Hhvet candpaecond
determning results are both satisfied and a step of increasing N and
repeati ng sadgbdddsdadeterm ning step and second determ ni ng step when one
of said first and second determning results is not satisfied.

AL AL AR AYEVEh ALD. @ Admp AFtude] méfuPh il o dvrétl A3péBFoAms non-

h. AY3. A3Y2. Al ; . A% A@ AY. A, . A h3. AY@ A. AY. AFu. Al . A3h. AF. F. AYNF. A3. A . Al

. AYn3. A, . AliAearnr dper#dtidh(dPspdhvedpd 211t upkf Bkrdthchlnaelcapezhtdrs] cal ca
] ca] ca] ca] c&a] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] cRa]
c, aly ca! the higher component of the modulated wave side band can

w39] *i j LM xsni d_Z] c] ca] ca] ca] ca] ca] ca%ca] c&a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]caPh%ﬂQQﬂEﬁ@%@@céyc§$@ﬁ$éayc he aptghermharrpRig<conpoperitgb] X] | cal
cal] ca] ca] ca] ca] c&a] ca caLca]ca]ca]ca ca]ca]ca]ca]calcaLc aUl c

a] c, a] ca] cajidlkuded] tr] the chppuf chpehangylarppulse in the band

LETQNAlfl gl L" M ##OBP$S- & &>&@&8' ' 3+@A+C+3, ., 000z upkf calc&a] ca]calcalc
a]ca]ca]c6af¥%&ﬂ§%ﬂ%aﬁ%¥%¥%¥§%3c%?éa%%ﬁ]%ﬁfﬂ%}%&]éﬁﬁeﬂﬁég$c§¥éa]ca]c&aU]ca]
ca] ca] ca] cal.cal 001222434mA4044444456555

66668889999561aLeNy, (Ghanpel 163k RPUST (330 24§ RaPRa1RETRAFES  ca] ca] cal ca] ¢

2L22L2§L§gi%ib&%%k§%%% F%&@Eiéﬁ%ﬁ?é?%%??#fﬁlﬁgtg§+g€$§§%3?§%<§%f8a]ca]ca]ca

Jcalcalc ratus.o he_ present embodiment_ (the number o
a]c(a]caU]céF?% ca ca]cﬁa ca]%a cal ca ca?c%a?ca]gaLfca?@afcarcafca]ca]ca]ca
'LLMW stages of the band limiting circuit 1 = 4, the circuit

constant 1k{), C = 50pF, L = 50nH) is compared with those
when the band limlting circuit is not used and when the
primary integration circuilt is provided, by using the
modulation characteristic shown in Fig. 11.

In Fig. 11, a reference numeral 93 deslgnates the
modulation characteristic when the band limiting circuit 1
of the present invention is used, 92 designates the
modulation characteristic when the primary integration
circuit of R/C is used, and 91 designates the modulation
characteristic when no band limiting circuit is used.

In these modulation characteristics, the 99% occupied
bandwidth and 10MHz separated adjacent channel power are

also compared. The modulation speed of the base band
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on/off ratio is 30dB saving a margin of 10dB for the
required 20dB.
It is seen from the above result that the ASK modulation
apparatus of the present invention satisfies all required
modulation characteristics while only the characteristic

shown in Fig. 20 is satisfied with the ASK modulatjon

apparatus in which only the primary integration circuit is
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invention satisfies all conditions including adjacent
channel leak power and 99% occupied bandwidth and provides
good on/off ratio in a moblile terminal required to be
compact and power-saving.
A second embodiment of the present invention will be
described below.
Fig. 12 shows a circuit diagram of the second embodiment.
In the second embodiment, the driving circuit 2 of the
first embodiment is omitted. The second embodiment can be
configured when sufficient driving current is available in
a base band signal source to drive the ASK modulating
circuit 3 in a later stage. It is more desirable to use
the drive circuit 2 or a buffer amplifier in view of
stable operation of the circuit in the previous stage.
A third embodiment of the present invention will be
described below.
Fig. 13 shows a circuit dlagram of the driving circuit 2
in the third embodiment.
In the third embodiment, the driving circuit 2 uses an
operational amplifier 121 as a voltage follower. It is
necessary to set the take-in and discharge current of the

output terminal 123 large enough to drive the ASK

modulator 3 in the later stage, but the input impedance is
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A fourth embodiment of the present invention will be
described below.
Fig. 14 shows a circuit diagram of the driving circuilt 2
in the fourth embodiment.
In the fourth embodiment, the driving circuit 2 adds
resistors 131/132 and diodes 133/134 to the driving
circuit 2 in the first embodiment, to improve the
input/output linearity.
The dlodes 131/132 are blased by the power supply 135
through the resistors 131/132 to cancel voltage drop
between the emitter and base of each transistor 51/52.
The voltage drop between the emitter and base is omitted
for the description simplicity in the first embodiment.
But, actually, this voltage drop causes a switching
distortion when the input potential 1s close to the middle
of the supply voltage.
With the configuration shown in FPig. 14, this distortion
does not occur and ideal linear input/output
characteristic can be obtained.
A fifth embodiment of the present invention will be
described below.

Fig. 15 shows a circuit diagram of the driving circuit 2

in the fifth embodiment.



10!'$, .t!10%&k ()-, .t!109&' ()-! , .t!lO%&f()-@DlOW&f()-SClKhéglﬂN{r{Aglx%
+10910%& ()-!3LM 109%& ()-,!.LM 10%& ()-, LM 10%& ()-, y10%& ()-3f10%& ()-LLLLL
LDNNnK40 10! <3! 10%c&' () - @&3! 109&' () - @&S109& ()-"1 109%&' ()-Z3y1l0%&' ()- 10
10N; OOPPQKQ *?K40 107! 109" () - @&10% () -1 "3

109%&' () -3!10%&' () - @! <3! 10%WVE& () - @ 43! 10%+& () - @KQRRQQLCO

10L' 10% & ()-S10% & ()- f10% & ()- "10% & ()-S 10 10

108! 10%&' () - QR RXRRRSaBbCO0

100 F1I0% & ()-1310% & ()-310% & ()-'0ss10% (& ()--ss109& ()--

' 10% & () - SSBSj SSSSaBbC0 10. 10%4 & ()--910% & ()- + 10% & ()-L'10% & () -
SHI0U & ()-'Y 10% (& ()- STTTTTTTT~_@ 10"310%&' ()-YY@O%& ()- 10( 10( -

In the fifth embodiment, the operational amplifier 121
is combined with a current amplifier. That is, the third
and fourth embodiments are combined.

With the configuration of the fifth embodiment, as the
switching distortion of transistors 51/52 1is improved by
feedback. Further, the input impedance is high, a large
current is taken in and discharged in the output side, and
this circuit can also be effectively operated as a power
supply in the later stage.

A sixth embodiment of the present inventlion will be
described below.

Fig. 15 shows a circult diagram of the ASK modulation
circuit 3 in the sixth embodiment. A reference numeral 200
designates a capacitor, a reference numeral 201 designates
a resistor and a reference numeral 202 designates a
terminal to supply gate bilas.

The ASK modulating circuit 3 of the sixth embodiment
employs multiple stages of high frequency amplifier to
turn of to improve the on/off ratio. The modulation wave
on/off ration can also be improved by increasing the
number of high frequency amplifier stages. Actually, in
view of cost and mounting space, 1 to 3 stages are
desirable.

A seventh embodiment of the present invention will be

described below.
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Fig. 17 shows a circuit diagram of the ASK modulating

circuit 3 in the seventh embodiment.

In the seventh embodiment, a bipolar transistor 300 is

used instead of a field effect transistor.

A typical configuration has been explained in the sixth

and seventh embodiments, but it is possible to combine a

field effect transistor with a bipolar transistor as a

configuration of the ASK modulating circuit 3. It is also

possible to use an IC amplifier available on the market.

In any case, it is desirable to set ASK of the output

modulation wave to be proportional to the supply voltage,

that is, as a linear modulator.

The ASK modulation apparatus of the present invention

uses a band limiting circuit comprising a passive circuit

to shape the discontinuous part of a step like changing

digital signal waveform so that inclination of a response

output becomes zero, and the output signal is used to turn

on/off the power supply to the high frequency amplifier

thereby providing good binary ASK modulated wave.

The band limiting circuit of the ASK modulation

apparatus of the present inventlon comprises only passive

parts such as a resistor, a coill and a capacitor.

effective for lower power consumption and compact circuit.

Further, as a whole ASK modulation apparatus,

the size

is much compact and the power consumption is much less

This is
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For example, the ASK modulation apparatus of the present
invention can be mounted in a space of 30 mm square if it
1s mounted on a PC board. If a digital filter 1s used to
compose an ASK modulating circuit of the equivalent
performance, the required mounting space willl be 5 - 10
times larger.

Therefore, as the ASK modulation clrcuit of the present
invention does not use a digital filter as a band limiting
means, power supply and synchronous clock supply are
unnecessary, and opéimum as a mobile terminal demanded to
be compact and low power consumption.

Further, the band limiting circuit of the present
invention has input impedance that is constant over all
frequencies and consists only of resistance element. This
makes it difficult to occur unnecessary wave disturbance
such as ripple due to reflection of base band signal,
ringing of signal and overshoot. This suppresses spreading
of band in frequency area by the unnecessary component
produced by the wave disturbance, and reduces the

unnecessary component such as leakage to adjacent channel.
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What is oclaimed is:

1 An ASK modulation apparatus which modulates a
rectangular high speed data signal within a microwave band
comprising:

a band limiting means for waveform shaping to eliminate
the inclination of an output waveform at rising of data
signal by using a passive element, and

an ASK modulating means for inputting carrier wave of a
microwave band and ASK-modulating sald carrier wave by
turning off the drive voltage of a high frequency
amplifier based on the output of said band limiting means.
2 The ASK modulation apparatus of claim 1, further
comprising a drive means having a buffer amplifier for
driving said high frequency amplifier, wherein said drive
means being connected to the output of said band limiting
means.

3 Thé ASK modulation apparatus of claim 1,

wherein said band limiting means comprises the N sets (N
is an integer greater than 2) of basic¢c circuit which are
connected in cascade to data signal input and the grounded
resistor R being connected to the output of the N th stage
of the said basic circuit;

wherein each of said basic circuit comprises a coil L
provided between input and output and a serial circuit

being one end connected to the input of said coil L and
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other end connected to the ground, said serial circuit
having a resistor R and a capacilitor C.

4 The ASK modulation apparatus of claim 3, wherein
sald basic circuit is composed to satisfy L = CR2.

5 The ASK modulation apparatus of claim 3, wherein the

connection number N and the clrcuit constant of said basic

circuit depend on the time response of said data signal.

6 The ASK modulation apparatus of claim 3, wherein the
connection number N and the circult constant of said basic
circuit depend on the rise time of the rectangular wave of
data signal, the out-band unnecgssary higher harmonic
component and the suppression of adjacent carrier
component of ASK modulating wave.

7 The ASK modulation apparatus of clalm 1, wherein
sald buffer amplifief comprises two transistors combined
in the emitter-follower type.

8 The ASK modulation apparatus of claim 1, wherein
said buffer amplifier comprises an operational amplifier.
9 The ASK modulation apparatus of claim 1, wherein
said buffer amplifier comprises an operational amplifier
and a current amplifier.

10 The ASK modulation apparatus of claim 1, wherein
said high frequency amplifier comprises field effect
transistor connected to M stages (M is an integer greater

than 1).
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11 The ASK modulation apparatus of claim 1, wherein
sald high frequency amplifier comprises bipolar transistor
amplifier connected to M stages (M is an integer greater
than 1).
12 An ASK modulation apparatus which modulates a
rectangular high speed data signal within a microwave band
comprising:

a band limiting circult having four basic circults that
are connected in cascade to sald data signal input, each
of said basic circults having a coil L provided between
input and output and a serilal circuit being one end
connected to the input of sald coll L and other end
connected to the ground, said serial circult having a
resistor R and a capacitor C; and the grounded resistor R
i1s connected to the output of the 4th stage of the said
basic circuit, and

an ASK modulatling means for inputting the carrier wave
of a microwave band and ASK-modulating said carrier wave
by turning off the drive voltage of a high frequency
amplifier based on the output of said band limiting means.
13 The ASK modulation apparatus of claim 12, further
comprising a drive means comprising a buffer amplifier for
driving said high frequency amplifier in the output of

said band limiting means.

14 An ASK modulation apparatus which modulates a
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rectangular high speed data signal within a microwave band
comprising:

a band limiting circuit having four basic circuits that
are connected in cascade to said data signal input, each
of said basic circuits having a coil L provided between
input and output and a serial circuit being one end
connected to the input of said coil L and other end
connected to the ground, said serial circuit having a
resistor R and a capacitor C; and the grounded resistor R
is connected to the output of the 4th stage of the said
basic circuit,

a buffer amplifier having the first and second
transistors connected to said band limliting circuit and
combined in the emitter-follower type and

a high frequency amplifier circuit having a source
grounded type field effect transistor (FET) which inputs
the output of said buffer amplifier to the drain and the
carrier of the microwave band to the gate.

15 An ASK modulatlion apparatus which modulates a
rectangular high speed data signal within a microwave band
comprising:

a band limiting circuit having four basilic circuits that
are connected in cascade to said data signal input, each
of said basic cilrcuits having a coll L provided between

input and output and a serial clrcuit being one end
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connected to the input of said coll I. and other end
connected to the ground, sald serlal circuit having a
resistor R and a capacitor C; and the grounded resistor R
is connected to the output of the 4th stage of the said
basic circuit,

a buffer amplifier having an operational amplifier
connected to sald band limiting means and a current
amplifier connected to the output of the operational
amplifier, and

a high frequency amplifier circuit having a source
ground§d type field effect transistor which inputs the
output of sald buffer amplifier to the drain and the
carrier of the microwave band to the gate.

16 An ASK modulation method which modulates a
rectangular high speed data signal within a microwave band
comprising the steps of:

band limiting for waveform shaping to eliminate the
inclination of an output waveform at rising of said data
signal by using a passive element,

inputting the carrier wave of a microwave band, and

ASK-modulating sald carrier wave by turning off the
drive voltage of said high frequency amplifier based on
said band limited signal.

17 The ASK modulation method of claim 16, wherein said

step of band limiting is characterized by;
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circuit which are connected to the saild data signal input,
each of sald basic circuilts having a coil L provided
between input and output and a serial circuit being one
end connected to the input of saild coil L and other end
connected to the ground, said serial circuit having a
resistor R and a capacitor C, and

the grounded resistor R 1s connected to the output
of the Nth stage of said basic circuit.
18 The ASK modulation method of claim 17, wherein the
number N of stages and the circuit constant of said basic
clrcuit is decide by:

a step of calculating the output response assuming the
time constant T as a parameter when N = 2 and L/R = T,

a step of first determining whether sald output response
satisfies the given D/U ratio and occupled bandwidth,

a step of second determining whether said output
response satisfies rises within the minimum pulse wide
when the rectangular pulse is an input,

a step of deciding the number N of stages and the
circuit constant of that time when said first and second
determining results are both satisfied, and

a step of increasing N and repeating said first
determining step and second determining step when one of

said first and second determining results is not satisfied.
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19 The ASK modulation method of claim 17, wherein the
number N of stages and the circuit constant of sald basic
circuit is decided by:

a step of calculating the output response assuming the
time constant T as a parameter when N = 2 and L/R =T,

a step of first determining whether said output response
satisfies the given D/U ratio,

a step of second determining whether sald output
response satisfies rises within the minimum pulse wide
when the rectangular pulse is an input,

a step of deciding the number N of gtages and the
circuit constant of that time when said first and second
determining results are both satisfied, and

a step of increasing N and repeating said first
determining step and second determining step when one of
sald first and second determining results is not satisfied.
20 The ASK modulation method of claim 17, wherein the
number N of stages and the circuit constant of said basic
circuit is deciding by:

a step of calculating the output response assuming the
time constant T as a parameter when N = 2 and L/R =T,

a step of first determining whether said output response
satisfies the given occupied bandwidth,

a step of second determining whether said output

response satisfies rises within the minimum pulse wide
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when the rectangular pulse is an input,

a step of deciding the number N of stages and the
circuit constant of that time when said first and second
determining results are both satisfied and
a step of increasing N and repeating said first
determining step and second determining step when one of

sald first and second determining results 1s not satisfied.



