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A PEAK CLIPPING Cl RCUI T PROVIDED IN A QUADRATURE MODULATOR Ak “KPY

METHOD OF CLI PPI NG PEAK LEVELS OF | N- PHASE AND q¢pes g—._()
QUADRATURE SI GNALS BACKGROUND OF THE | NVENTI ON 7
Field of the invention The present invention relates to a peak

clipping circuit, and nore specifically to such a circuit which is provided
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In a base station no e comunicatrons s

specifically, tmﬁgﬁsﬁg’mwﬂf bizrpm%%g»mee?gﬁgfﬂwmsmmg peak

| evel s of In-phase quadr ature Sl gna e present invention is

wel |l suited for use in, for examJAPRBAYIRE BIGNALShase shift keying), QPSK
(quadr at ype phase shift. keying), 16-QAM (quadrature anplitude nodul ation),

etc. 2. Description of the Related Art . =~ - .. As is well known in the art,

in a nobil e i conmmuni cati onBACKGROUND IORTHEINNENTION di vi sion nmultiple
access), a plurality of user's signals are nmultiplexed and then transmtted
si mul t aneoudt Gield ghthe inweBtioRat i on at the same frequency, As the nunber of

-mul tipl exed subsei ; | | ‘ iheme e multipl exed
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o um out HARSORES R 1 examale, BovEiaddh a Base siatBn ot AGROBIR | 11y ng ¢ he
mul i pl exed oainfifiiHicatioR¥/8ysem, ! 'St rivie sp@eificalystn preusit Mvaftid RIdleg tpacks

that the transmtter econe ky and the power- consunption-
undesi r abl y aimethod of imiting pealtdevelsotinghase (I} and quadrature (Q) signaiscoithei vabl e

tontror 1 gniasebi@noris aiEdinBR Torladn ot prartbE RSk Bna R 8RR if
actual ly trﬁéﬁﬁ?},m’ﬁK (c%uadratypg hasessHift keying), 18-GAM (Guadratiire afmplifiideon, it

i s deemed advantageous to briefly describe, with reference to Figs. 1 and
2, a convenmasiationh@t®i que to linit the in-phase and quadrature signals at

e ol BBt g R e, 0 11T @ S omel sace
As is well known in the art, in a mobile.icommunications system such as -
CDMA (code division multiple access), a plurality of user’s signals are
‘multiplexed and then transmitted simuitaneously from a base station at the same
freqﬁeﬁcy. As the number of multiplexed subscriber's signals increases, a peak
level of the multiplexed signal increases accordingly. Even in such a case, it is
necessary io amplify the multiplexed signal without distortion in order to suppress
spreading- of signal spectrum. One approach to this problem is to increase a
maximum output of an amplifier (e.g., power ampilifier) for amplifying the
multiplexed signal. However, this approach has encountered the drawbacks
that the transmitter itself becomes bulky and the power consumption undesirably
increases. In order to avoid such drawbacks, it is conceivable to adaptively
control in-phase and quadrature signals in response 1o a control signal which
indicates the number of signals multiplexed (viz., actually transmitted).
Bevore turning to the present invention, it is deemed advantageous to
briafly describe, with reference to Figs. 1 and 2, a conventional technique to limit
the in-phase and quadrature signals at a modulator provided in a transmitter.

Fig. 1 is a signal space diagram éhowing a QPSK modulation scheme.



-2:- This diagramis well known in the art and thus a description thereof
will be omtted for brevity. Fig. 2 is a signal space diagramfor
describing the conventional technique for Iimting | evels of an in-phase
and quadrature signals. Assuming that |evels of an incom ng in-phase and
guadrature signals are respectively denoted by Ix and . The anplitude or
di stance of the point (Ix, Ox) froman original point, which is represented
by (Ix[err]+Qx[err])[err]), is first calculated. Subsequently, the

anpl i tude t hygis LGS et KPBWRAN Gtk art tihd thus!d desicriptidrethereciwdlbbe ned by I n
and On. If the anplitude (Ix[err]+x[err])[erct] is larger than the clipping
| evel A, eacomistedifaebieyifel s of the signals Ix and Q< is multiplied by

A (Ix[err]+Qerr]pennd o sﬁh%ﬁg?gégedi%%}sﬁ{ fot HaidrdlrigQhe cenventibhaldechrique

However, wi th this®tonven , tec que, a plurality of nultipliers is
undesi rabl y fwﬁdmmgwéwsbhm inephase ard quadpatere signalssulAssurmingthat Bvels of
SUMVARY OF THE, | NVENT] ON |t Jjs therefor | sent
i nvention t o2RineeMies N-phase and quAdrafurs $igTA'S afeoéss%gg{y%#g/de*gﬁoﬁoe

i n- phase andagua 6t istakiéd HOHE paiRY (IRLQK) fRdm @atdriginal point, whigmot her
obj ect of thggbrgégtgwéﬁﬁu\?ent [ c.)ﬁai s to Erpgvi c(zle a )lrret hod of effect] vgl y

cli ppi ng t heislreprasentet! byn(lxfin@x? "2 s firshenleulated. sPubraauenity. g ampliuder or any
ltiplicatign. y . Th | ect f ial | [

" or Ber ro (s gbtaiaed ineiasapd wilh s /e evdl A gfiled by aRG HH. TFHETE BN

2 compa al of af BiEHKTAEI ) A1s Hgarthan e elpping levs Apach bfthellevelsof the

inverted clip he compar at or conpares the |evel of .the in-phase

signal with gignalsdk anﬂﬁ')cibimluﬂtipl'@dl hy:MlXW)_"ﬁe Thugethedavel|limitatian is evel , and
Pooul £ Cal | ofRMER uE o RSBV U plsRtiond fechRRBTE Bir ek SF rutiEnats, >oC,

the in phaseis&lﬂé@imﬁyﬁaedédmth@muwc@hbpniang bulkydlardwarel ess' than the
clipping level, selecting the inverted cl |H§Ip| ng |l evel when the | evel of‘the
_in-phase signal is |ess than SHMMARY/QEJ |NH%NTéoNevel , and sel ecting the

Cevel . @ the of nine fibfe/oR f oflesk ofing BrekeRE RughiBy sFAfESd peRReffRIng? "0
i Usi ng anot hegjr&AMBANMItAG [ds 6EIngstiage and quadritung signalsswittoutanper as
rentioned multiplication. '

Another object of the present invention is to provide a method of .
effectively clipping the levels of in-phase and quadrature signals without need for
any multiplication.

These objects are fulfilled by a technique wherein in order to clip the levels
of an incoming in-phase and quadrature signals, a comparator receives the in-
phase signal, a clipping level, and an inverted clipping level. The comparator
compares the level of the in-phase signal with each of the clipping level and the
inverted clipping level, and generates a comparison result. A sele_ctor, in

- response to the comparison result, allows the in-phase signal to pass
therethrough when the level of the in-phase signat exceeds the inverted clipping
level and less than the clipping level, selecting the inverted clipping level when
the level of the in-phase signal is less than the inverted clipping level, and
selecting the clipping level when the leve} of the in-phase signal exceeds the
clipping level. On the other hand, the leve! of the quadrature signal is limited
using another comparator and selector in exactly the same manner as mentioned



-3 - above. One aspect of the present invention resides in a peak
clipping circuit provided in a nodul ator of a signal transmtter, the peak
clipping circuit limting a level of an incom ng in-phase signal and a

| evel of an incom ng quadrature signal, conprising: a clipping |evel
generator for generating a clipping IF8vel; an inverter, coupled to receive
the clipping level, for generating an inverted clipping level; a first
conparator receiving the in-phase signal, the clipping |l evel, and the
inverted cli@oNg. | evel, the first conparator conparing a |level of the

i n- phase signal with eac th PRl el i ppin
Ievgl , and generatc?%gﬁb%t githec%ﬁ%%'#tﬁ@&ﬁ%?{‘age:ﬁ”ﬁejsqﬁqsptg%gnd&ﬁé@iptcgr&gf or PRINg
recei ving t herWdéd it & rdduilaordf.a siealdtansmittey, the peak clipping Gircuitrlimitingd
clipping level, the second conparator conparing a ]J]evel of the quadrature
signal with dexshobaninopmirg rphase signaband g “P\@J/gi anyineoming QW@"P&;S'SF? ppi ng

| evel , and rati . ' . ' . L
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t hg :c n- phase c@gpmlt? rédtsu;]ve:them "pg'mgllwei,l for genératingl a'tminvelltewlfliﬂp'tiqg)lengl; hevfel .
an or respondin o the second conparison result and sel ecting ong o e
quadr at ur e g ifgsta:o?nnamtoe f@%“?ﬂgtheéﬂ'g}')‘?s%ﬁE“?‘h qqmnnsg%@ 4%‘?‘&3‘“{5&%\9 .
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| evel of an i n-phase srg eve an i'ncom ng quadrature
signal in a raaidploa_ttwclfpblngl levgjremd the inverte 'hdtclirlmin@bnplc Fnd glgnenagnsad'pst of : |
generating a clipping | eyel; receivin e cli, ng | evel and geperating an @
i nverted cli ﬁﬁmﬂfg'F &%uYt‘cs#&%ﬂi&@Pg@%%|me'S£@ﬁ%ﬂ%§y@ ¥d aﬁ‘ewith the
clipping | evel; ' P cTaTy dtbr ebr gmgp@ ¥ari son
result; sel e?h’ﬁggIél‘)r%ﬁrdgg\ggé\g@g{lgbfﬁ@ﬁglrép@yﬁgosﬁgds%@éfﬁh%(?rmha e _ .
si gnal when develbsthequadrature sighaltvith éach gftievels of the alipping:teveband:theeed t he
clipping level, and selecting the cli ing | evel after add'!rng ‘%h.ere{o a
Sign which | SWRIERGIBRNG [Pyl A0emeraiieLa Sesand fompanson frsultidad 8603 oo of
the in-phase 3id0mg nfeshS FSerethénding mnem&tgggip?rm_ Lit BAd deleti®y ofé of he

quadrature signal Wth the clipping |evel “the inverted clipping |evel,
and gener at i ie in-phage=signalthealipping levell andithe invated clipping levekand ort he

quadrature syespandingd e B6Eie BBy el Hryf i dfietorafiy Bledtayirel
clipping | eveigral, itké cRghing ievel) @nh8tRe inverted clipping level.
Anocther aspect of the present invention resides in a methed of ¢lipping a

level of an incoming in-phase signal and a level of an incoming quadrature signal
in a modulator of a signal transmitter, comprising the steps of: generating a
clipping level; receiving the clipping level and generating an inverted clipping
level; comparing a level of the in-phase signal with the ¢lipping level and the
inverted clipping level, and generating a comparison result; selecting, in response
to the comparison result, the in-phase signal when an absolute level of the in-

" phase signal does not exceed the clipping level, and selecting the clipping level
after adding thereto a sign which is identical with the in-phase signal when the
absolute level of the in-phase signal exceeds the clipping level, comparing a level
of the quadrature signal with the clipping level and the inverted clipping level, and
generating a comparison result; and selecting, in response to the comparison
result, the quadrature signal when an absolute [evel of the quadrature signal does
not exceed the clipping level, and selecting the clipping level after adding thereto



-4.- a;sign which is identical with the quadrature signal when the
absolute |l evel of the quadrature signal exceeds the clipping |evel.

BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the
present invention will becone nore clearly appreciated fromthe foll ow ng
description taken in conjunction w tly the acconpanying drawi ngs in which

| i ke menber or elenents are denoted by |ike reference nunerals and in

whi ch: Fig. 1 is a signal space diagramof QPSK which is well known

inthe art; g4 nwhiﬁ‘l & idéntical Rith ﬁgﬂrﬁﬂrﬁfgﬁm viHRAlhé absslurCieesl oTdhe

conventional pé&ak clipping operatio aving been referred to in the
openi ng par aquacsature signal exceeds the dlipping®@@®K nodul at or wherei n a peak

clipping circuit enbodyi ﬁ}eg ' ' ' i ded, havi ng been
referred to in the openi % r ﬁﬁgﬁw'd%?nm@pmm@a bl ock di agram
showi ng the det ai Th@fedtdres Aa!adoantages\6r the praseht inVertich will become mofd 9. 5 is
a signal space diagram of SK for describing the operation of the peak

cl i ppi ng ci rejeany apprecigtedsrom the following deseriptionitaken igicgniunctionwithther 16- Qam

for describing the operalio i | .

DETAI LED DE %KF"&P%%W:‘BS% whidf 1R Fidhber &%%é’ﬁgﬁﬁ:ﬁﬁﬂiﬁd YR vENTS
A preferred peradtdRirnerdls ah¢imowgigknt i nvention will be described, with
reference to Figs. 3-6, when applied to a CDVA nobil e communi_cati.ons

system It shoul dFigel ifot signahsnacse sliagram-af QRSK whichiie well snown in the Fitesent

thereto. I n" ot horF B dua spe G of GRSKIRURE R eonvehtbrtPpllie [ 1.
wherein the glippihg operations, havihg béemreférréd o inltits opering paragraphd; at ur e)
coordinates is clipped or limted Mre specifically, {he .gﬁ_@é; cl i ppi.ng
circuit embodyi ngi8hd iS» QRSK modyiatarwherein @ R?@ku.ﬂ?\'PP'PE&Hcﬁ"ﬁ gyingfhe ;| ds

Choek & ane BB RGABTEbE5HeS e bAs rfomed to e o BEBAGEHRL ) |,
base station in aFigh\Vis abloick disgrarmshowirg the detai<f the pealvelipping circaitpfe.. The
present i nve'gitg.i g:n I's concerned with a peak clipping circuit
Fig. § is a signal space diagram of QPSK for describing the operation of
the peak clipping circuit of Fig. 3; and | | .
Fig. 6 is a signal diagram of 16-QAM for describing the operation of the
present invention. |
DETAILED DESCRIPTION OF THE
. PREFERRED EMBODIMENTS
A preferred embodiment of the present invention will be described, with
reference to Figs. 3-6, when applied to a COMA mobile communications system.
it should be noted, however, that the application of the present invention to such
a particular case is exemplary and is in no way limited thereto. In other words,
‘the present invention is applicable to a circuit wherein the peak level of each of
an | (in-phase) and Q (quadrature) coordinates is clipped or limited. More
specifically, the peak clipping circuit embodying the present invention can be
utilized in technical fields other than a mobile communications system.
Fig. 3 schematically shows a part of a transmitter in block diagram form,
which is provided in a base station in a CDMA mobile communications system by
" way of example. The present invention is concerned with a peak clipping circuit



-5.- 10 which is provided in a QPSK nodul ator in this particular case. The
remai ni ng functional blocks of Fig. 3 are conventional ones and
accordingly, they are briefly described for the sake of sinplifying the

di scl osure. In Fig. 3, a bit stream (viz., base band signal) 12,

whi ch has been produced by sanpling_ q?d quant|2|ng an audi o signal (for
exanple), is applied to a conventional serial-parallel converter 14. Two
bit streans 16a and 18b, outputted fromthe converter 14, are respectively

applied to my yhighiig Rvitia iR ¢ ﬁ@b c?%uﬁt&rlﬁkmasém&@hpéas%o ThRIERafing S' ne

wave signal (for exa ectly a to the rrultlgller
and which i sfupdimul blocks efFigy3 pea egnventianal ones:la%ge@rdmgky theyiane bligfhe

[ | t hi ft 2 d lied to th [ tipl 18b. Th
Zlnglna(i) naphaaQ%faé?‘b?PJ:th%ﬁ%F ﬁ'ﬁ&ﬂ%ﬁ?@?géﬂgﬁ% gr e Seglejr alt gdl e\r/vhl ch ar eus
fed to the peak g H?Q'S‘Q it Stradinh (vi2), MhdeBand dignahet 2l fich Refbden detail with

reference to Fig. TWwo out puts 24a and 24b of t he peak clipping circuit
10 are addecpradugechbsgsmhpmﬁndﬂmtuzing@m audiesignal {fos expmple)s isappled tos

applied to the s en t hat en | a phantom
bl ock 28. amn&éﬁﬁ%ﬁ@?"ﬂ%ﬁ@%’&??’%& 1§0n?“"§§8ﬁ"8?"\%ﬁé@?ﬂ%g1 onfigured in
exactly the &ﬂﬁﬁtemﬁhéléomr%eﬂe&é@ébﬂvﬁy@ ieeModnultisliers 188 ah@ be
respectively assigned to other subscri bers.. there are shown

3
si gnal conbit8bag Acsignaligenemtor-2Qgenerajes & sing waveeggaek(fer@xynml@wluemis n the

and 3151 (HAEY Saefestte the (At D44 SngnlenTn aphmBRTRL Wi e © *

above- mntl%ﬁgé@%é%mém%?ﬁ? at@msémﬁmimahamemwieaftom out put s

of the conblnlng circuits 26 a nis nultiplied by the

cor r espondi rfgu Bll;ﬁld@bana'bw,(ﬁsislwubmﬁei sigpal and Qimigdeature) | 5‘95@' a8 wel | known

in the art. t

mul ti pl exed %K’?%%W"ié’é t@% tﬁé% I%@Q%Eb%]ﬁﬂlﬁe‘aﬁscﬁﬁ%@g and
. then radi at cjétdil with psfernceto Fig3d. Two outpues manwzubbf(meakmmg such as
" a CPU (central processing unit er of nultiplexed

é s, wat ches the nunb
. si gnal s bef SieuibdPage aﬁgwl gte e "Fi‘ﬁ?"@‘éw&ﬂ citgyt 26.ithe output efwhich ia 1 ol | ﬁr
2dapt f"tvﬁfyac §ﬂ5%§4to Bpq ettt '*hﬁf‘gH?t’%ﬂ%"'ﬁeve{a%&ae?‘ﬁ“‘% fggech o

Anocther modulators 30a-30n, each of which Is configured in exactly the
same manner as mentioned above, are provided such as to be respectively
assigned to other subscribers. In Fig. 3, there are shown signal combining
circuits 31a-31n which are respectively provided in the modulators 30a-30n.

The outputs of the signal combining circuits 26, and 31a-31n are
subjected to "spread spectrum” operations within the above-mentioned
subsequent stage 28. More specifically, each of the outputs of the combining
circuits 26 and 31a-31n is multiplied by the corresponding pseudorandom
'(bsuedonoise or PN) seéquences, as is well known in the art. Subsequently, the
signals outputted from the stage 28 are multiplexed and amplified at a power
amplifier 32 to a suitable level and then radiated from an antenna 34.

A controller (not shown), such as a CPU (central processing unit), always
watches the number of multiplexed signals before being applied to the power
amplifier 32. The controller generates a peak clipping level control signal 36 ,

the level of which is adaptively changed so as to properly limit the levels of the



above nentioned | and Q signals depending on the nunmber of nultipl exed
signals. Although not shown in Fig. 3, each of the other nodul ators
-30a-30n is also supplied with the aforesaid control signal 36. Fi g.
4 is a block diagram showi ng the peak clipping circuit 10 in detail, which
I's conprised of a clipping |evel genegator 40, an inverter 42 for inverting
a sign of the output of the generator 40, two conparators 44a-44b, and two
si gnal selectors 46a-46b. The clipping | evel generator 40 generates a
clippi ng | evelbové aiwtioAdd | Bhe Qsighalk depending\bn ¢ aumbermdfmalitiplexdd, t he peak
~cli pping level control signal 36. For the sak? of conveni e{}?e 8f gescri bi ng
the oper at i ofigf@ls. hAlloughinot shpwn incFigy 3. fach of tharther modiare 0% $oNde ang o
which are re ' | ; quf.% a-46a and 44b-46b. In a
simlar mnn}?s%%é%%%%ﬂh%%ﬁrﬁ%@%reﬁreéler &#s denoted by -Ic and -Qc

whi ch are respect iRigl4/isapblotie diagrarh showingthe péalaelippingecintuit 40-in dptailThe

clipping level Ic (or ) s represented by a syitaple bi ength.which is
i dentical wi tvhiehis qomprisedff@ QHBP@Q L seﬁ/fétqf 4§n%t" @Véﬂsfréﬁ %9.’ 'f%'ﬁré]““g a
conparator 4 I | W4 i

mul tiplier 1@%%%0&@9@5 mﬂp‘?%ef%é'e{‘dg'% cgﬁ?a?éltg?%d Olfl? Sgthgmgml '
conpari son r eeldctors 4§a=46b45The Hippiag llevel genetstar A0 gpoerates: a cippinglevghr i son

|t si | , 45 -sel ect f the | .si nd the,clippi I I
e ana 1 o sighat e e iradiitudn 3 Rt Bouimies Bte POk ibbirg (oBe Sl ©' ©
which 1s bety e. | gpRI i I TS
the 1 S5 gnal “REA30C For thE\sale of Kéianiod of deddrirgifie 2 RAloh of M cIRUIOT™  he
| signal excd8ithe¢lippingileyeligdennted bydc andQcwhich-areregmrctivelyapplied fo

Contrary.  wnde bigk A4aABashidordd. o 1 2 YAl rodgher he Poft R eindaiter 0 '
the sl ect or 458 aRUBRI6Y -id e Ed W drd RdBlotively spBlied RO Blodks dde-4e

signal combining circu hi's operation can’be expressed in a manner .
di fferent fr andi4d4b-48kov Therlippingdevelit:(or Qepisrepresentied\byia suitable bitiength

el'ots the. wisiRdodHoal iR the BFieBolsfH s ofite | ari o RBaRE PR .. val ue of
the | signal ‘cgmparstbr M@G@ﬁ?a@%&hé \dviePoftiie | ﬂgﬁhl dutputtediefrait ties inuitiphién
outputs the clipping level |Ic after adding thereto the sign which is

i dentical wi t1Bawith the slipping lavelsdeaddi-enandreitputs Acomparigan resulaignal 4pa.
connect i on Wil defiietdr 48a488horftii o the BombhiisoR18Y it <i6iodi 45R ah8 RefkUSori0bs

iterate for .
the | signal and the clipping levels lc and -lc.

That is, in the case where the | signal has a level which is between the
clipping levels Ic and -Ic, the selector 46a allows the | signal to pass therethrough.
On the other hand, when the level of the | signal exceeds the clipping level Ic, the
selector 46a selects the clipping level Ic and applies it to the signal combining
circuit 26. On the contrary, when the level of the | signal is blow the clipping
level -l¢, the selector 46a selects this clipping level -lc and applies itto the signal

" combining circuit 26. “This operation can be expressed in a manner different
from the above. That is, when the absolute value of the | signal's level does not
reach the clipping level lc, the selector 46a selects the | signal itself. On the
other hand, when the absolute value of the [ signal's level exceeds the clipping
lavel lc, the selector 46a outputs the clipping level Ic after adding thereto the sign
which is identical with the | signal in question. The same discussion holds in

connection with the Q signal and thus, the above description does not iterate for



-7- si nplifying the disclosure. Referring to Fig. 5, the operation
of the peak clipping circuit 10 will further be described in connection
with a signal space diagram of QPSK. The clipping levels Ic, -lc, Q, and
-Q, which has been referred to in Fig. 4, are plotted on the I and Q axes.
Wien the | signal inputted to the pegk clipping circuit 10 has a | evel

I ndicated by Ix in excess of the clipping |level Ic, the selector 46a (Fig.
4) selects the level Ic and applies it to the signal conbining circuit 26.

That is, |n§irhpﬁfymgqpedtsh@sp@ak level of the | signal is clipped to Ic. In

a5|mlar manner, when the Q signal inputted to the peak ¢l ] circuit
10 has a | evel |rﬁ¢f§€[tn§d°tﬁl§ I&th%mraf'%ﬁf the peak Fﬁ!ﬂﬂ"ﬁﬂ;c'f% UD‘P’ "rc}grﬂi‘?fe

551l Bl e Yo sk

combi ni ng circu unders ve operatlons ar also
appl i cabl e tl@vélém: elesecpénd?»mmrwmaﬂras been referradito it Figs 4aars pjatied epm

di agram of 1 PSK n for i]lustrati e ot her. case.to. whi.ch t
present i nvérﬁ"ﬂcﬁa?‘ s hep g Lsigna! i %?%Cﬁﬂm 'PFMRN"@\%F“'&%M@ %ut er nost

| and Q si gngle rﬁﬂ&t@&Pg Ik %&egjsﬂhbgﬁpﬂ@wemeihe@m&w (FRg'gw the

clipping |eve VIZ he foregol hg, the
application sefectslthene\mwand appliesi ibfo the siphalRimbining dreumzéarleathder st ood

dth t h f ed { b '
" wi 1 be dhagasedns penRlevelef s sEnalls cinsel 81 < 17 B silar AT AN core
possi bl enﬁﬁéd@gﬁa nﬁBut{éEﬁoft‘ﬁéBSéIE cu;sibmtcaﬂ 19%8@1@%!%&@61@6%99& on whi-ch

the invention i s base 1s not speC| I cal I-imted theret

CLAI MB lowerithamthe:clipping lepelmis, the ealactomﬁaxtﬁma dl) snleﬁtsmba level lnand o
stgnal trang ‘Bbl‘ése t to the signal combining circuit 26. It is understood that the above
operations are also applicable to the case of Binary-PSK.

Fig. 6 is a signal space diagrar'h of 16-PSK given for illustrating the other
case to which the present invention is applicéble. As shown, each peak levél, of
the outermost | and Q signals can be clipped when the peak level exceeds or
below the clipping level (viz., Ic, <lc, Qc, and -Qc¢). From the foregoing, the
application of the present invention to 16-PSK will be clearly understood and thus,
further description thereof will be omitted for brevity. |

It will be understood that the above disclosure is representative of some
possible embodiments of the present invention and that the concept on which the
inventioni is base is not specifically limited thereto.



sai-d peak clipping circuit limting a |level of an incom ng in-phase signal

and a level of an incom ng quadrature signal, conprising: a clipping
| evel generator for generating a clipping |evel; an inverter

coupled to receive said clipping |level, for generating an inverted clipping
| evel ; a first conparator recegving said in-phase signal, said

clipping level, and said inverted clipping level, said first conparator
conparing a | evel of said in- phase signal with each of said clipping |evel
and said inverted clipping Ievel,éﬁgggg$nerating a first conparison result;
a second conparator receiving sai u ature signal, said clipping |evel,
and said inverted clipping | evel, said second conparator conparing a |l eve

of said quadratur?.ﬁhgagg@gwgn Blidb ¥EA ﬁmo%la’e‘él'idgacéiérrli)&litﬂ&ﬂsﬂnﬁté@' and

said inverted clippi enerating a second comparison result;
and s$ajd peak eligping cycuitimiting arleved spam thcanpingiingphiade fsignat andapar i son
result and sel ecting one of said in-phgse signal, said clipping |evel, and
sai d i nvert elgvel of @5 'H&’mmequagﬁgu’lecﬁ‘g'?ﬁsm&m'to sai d second conpari son

result and sel ect j REySRE vk éé’riéi‘at%\v'%*rg%hﬁfa@inéiaﬁﬂﬂﬁbin%%é\}éﬁ clipping |evel,
and said inverted clipprng |evel. 2. A peak clipping circuit as

clai med in cl ai maninvedericouglad do esagivel saidclippingigvetsfon genenating eos: a
first selector, i esponse, to said first conparison result, allow ng said
I n- phase si gﬂg?“?é;céﬂ?é@g %‘ret hrough when the | evel of said in-phase signal

exceeds said inveipg cEH?PFHtBQre’cSilﬁgigesl'HiHjinLﬁﬁ%e%iqﬁgl, saidciipbingnkvedl, asy el . -

sel ecting said inverted I ppi ng | ev when- t he vel of "sal'd i n-phase
si gnal is | esaldinvenedglipping Javel, eaidfirsheomparator somparing adevet of sjd e d

clipping. |evel when the |level .of. said in- ph Iy <t he clipping
| evel ; and -ghase_s,l%n§ é‘ﬂ%‘:ﬁ?"geqf%é{"soﬁ‘?gﬁ“ﬂq‘?‘ﬁgB@‘igiﬁﬂ@’w{éﬁ@gﬁ%"e&%ri son
resul t, all oyéritgatiry) &lfifst 28mphHEsh feduass therethrough when the |evel of '
sai d quadrature signhal exceeds said inverted clip g level and

less than said cl@pggeang mpar,a_towe@iginmgaidauadmml.@aiw%g leveli when
the Tevel of sPtdld TN bSing IVAR saidsdoRa chHiparator comparing a level of

said quadrature signal with each of levels of said clipping level and said inverted
clipping level, and generating a second comparison result; snd

signal selecting means for responding to said first comparison result and
selecting one of said in-phase signal, said clipping level, and said inverted
clipping level and for responding to said éecond comparison result and selecting
one of said quadrature signal, said clipping level, and said inverted clipping level.

2, A peak clipping circuit as ¢laimed in claim 1, wherein said signal
selecting means comprises:

a first selector, in response to said first comparison result, allowing said
"in-phase signal to pass therethrough when the level of said in-phasé signal
exceeds said inverted clipping level and less than said clipping level, selecting
said inverted clipping level when the level of said in-phase signal is less than said
inverted clipping level, and selecting said clipping level when the level of said in-
phase signal exceeds the clipping level; and

a second selector, in response to said second comparison result, allowing

said quadrature to pass therethrough when the level of said quadrature signal

e
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sajd inverted clipping level, and selecting said clipping | evel when the

| evel of said quadrature signal exceeds the clipping |evel. 3. A
peak clipping circuit as clained in claim1l, wherein said signal selecting
means conpri ses: a first selector, in response to said first

conparison result, allow ng said i n-@grase signal to pass therethrough when
an absolute |l evel of said in-phase signal does not exceed the clipping

| evel , and selecting the clipping level after adding thereto a sign which
i s identicalexsebds saidiiveredadiipping deveh apt iese tharysaid clipring lavel, s8iestiid e | evel
-of said in-phase_signal exceed ai LiQping,l . : econd
sel ector, i rﬁ%‘d&%@ﬂgéc'ﬂﬁ?'% eﬂeé‘géﬁﬂ]g‘egﬁ 2 F%Sﬁ%%gﬁ‘f'?%j%qﬁ' gvxlﬁe?\sgﬁsagi d
quadrature s RtiNg§4ld @ Rvel whéetrR levdl ofai d
guadr ature ?.ﬁgﬁk’eﬁ%%gﬁpﬁ’g?é teé)?%gtgﬂatgﬁe cu’lﬁl]ppi nnpllmgel , and selecting the
clippi ng | eveslid qi4drature glgngl éxoeeds thexclipping lewelch is identical with a sign

of said quadrature signal when the absolute | evel of said quadrature signa
exceeds said clipping |evel. 4. A peak clipping circuit as clained

inclaiml, 2 or 4, Fihir ki ¢ ' ' OWhe &3ld signll as to
?. A é@é}gg@ﬁg{ﬂaféuﬁt 23 EHlinkl ¢ clialin ¢ ORhe@i it

conbine a plurali and transmtting the conbi ned data, and wherein
sai d cli ppi ngeléctinglmeéansceomprigescd dependi ng on a nunber of data to be

transmtted. 5. peak clippi ' ' cl ai ' im1, 2, -
e, oo o n el I Borpbb8 PP i EdbonieBl bt

-modul ator.  in.ghase s;g@au  paRKheletiBuglowhbn aniabsolatedevélof daidrinphasen 1, 2, 3,
or 4, wherein 'said dulator is a QPSK (quadrature ‘phas_e shift k& I ng)
modul at or.  signal does Not exceedHbel clipping level, Aad seleeting hgclipping ipusha é’ i n- phase
signal and aacldelr\\/ge{hereto a sign which Is identical with a signal of said in-phase signal when

the absolute level of said in-phase signal exceeds said clipping level; and

"a second selector, in response to said second comparison result, allowing

said quadrature signal to pass therethrough when an absolute level of said

quadrature signal does not exceed the clipping level, and selecting the clipping

level after adding thereto a sign which is identical with a sign of said quadrature

signal when the absolute level of said quadrature signal exceeds said ¢clipping

level.

4. A peak clipping circuit as claimed in claim 1, 2 or 3, wherein said
transmitter is configured such as to combine a plurality of data and transmitting
the combined data, and wherein said clipping level is controlled depending on a

number of data to be transmitted.

5. A peak clipping circuit as claimed in claim 1, 2, 3, or 4, wherein said
modulator is a BPSK (binary phase shift keying) modulator.

8. A peak clipping circuit as claimed in claim 1, 2, 3, or 4, wherein said
modulator is a QPSK (quadrature phase shift keying) modulator.

7. A mathod of clipping a level of an incoming in-phase signal and a level
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-10- .of an incom ng quadrature signal in a nodul ator of a signal
transmtter, conprising the steps of: generating a clipping | evel
receiving said clipping | evel and generating an inverted clipping |evel;
conparing a level, of said in-phase signal with said clipping | evel and
said inverted clipping level, and geygrating a conparison result;

sel ecting, in response to said conparison result, said in-phase signal when
an absolute | evel of said in-phase signal does not exceed said clipping

level, and %?bﬁ%édﬁﬂngﬁhédfdtﬁramigﬂﬁl rey flodalstetiof adirag trahemitten, a si gn whi ch
is identical wth said 1n-phase signal when the absolute |evel of said

i n- phase si gomprisingsbestepsiaf: cl i ppi ng | evel ; conparing a |l evel of
sai d quadrature sjgnal..w.th. sal i pping level and said inverted clipping

| evel , and gener ?Fﬁﬁ@tlg&’l@oﬂlggﬁgggﬁélr esult; and selecting, in
response to sai drgcaving isarRiclippingl level aad denemting an irvestedciippingdevein absol ute
| evel of said quadrature signal does not exceed. the c‘,i sﬂ]ﬁ% L;vil .,and

sel ecting the cl icompagng &evelof said ingese siopdvethsad E'Rjﬁf? etand;sdident i cal
with said g L Sl : : f said quadrature

si gnal exceiﬁg@gﬁsgﬁp%\@mgﬂ@%@&@b&%Mb@goﬁ\@rée%lﬁod. as claimed in claim
7, wherein said tselweting,!ih eésponse to Saldompasisohresalt| sald inphase sigmalural ity of

data and transmitting the conbi ned data, anq wherein said ;‘:J iiogi ng level is
control | ed &diearan aksobieleval pheald in-phasesignaldoes pataxceed sgid clipping™ o A

ey ol 18R o il el oA o o SRR 1LY L
nodul at or i ddentiCiiSKtinsaid in-phase signal when the absolute level of said in-phase signal
exceeds said clipping level; | | :
comparing a level of said quadrature signal with said clipping level and
said inverted clipping level, and genefating a comparison result; and
selecting, in response to said comfaarison result, said quadrature signal
wheﬁ an absolute level of said quadrature signal does not exceed the clipping
level, and selecting the clipping level after adding thereto a sign which is identical
with said quadrature signal when the absolute level of said quadrature sighal
exceeds said clipping fevel.

8. A method as claimed in claim 7, wherein said transmitter is configured
such as to combine a plurality of data and transmitting the combined data, and
wherein said clipping level is controlled depending on a number of data to be

transmitted.

9. A method as claimed in claim 5, wherein said modulator is -a BPSK shift

keying) modulator.

10. A method as claimed in ¢laim 5, wherein said modulator is a QPSK

modulator,
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