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15 signals has assunmed greater inportance. Digitally nodul ated si gRghs
occupy a w de bandwi dt h unl ess neans are enployed to contain the
transmtted spectrum On one hand, there are limts to how well the
spectrum can be contai ned using const ant envel ope nodul ation for data
signals. On the other hand, the use of non-constant envel ope

nodul ation requires a linear transmtter power anplifier which preserves
bot h 20 the anplitude and phase of the signals it anplifies and these

devices are less efficient .than constant envel ope power anplifiers. -
Prior art recognizes a nunber of classes of power anplifier depending on |
t he . type of signal that is to be anplified. Cl ass-A

anplifiers conduct signal current throughout the cycle of the signal 25
waveform and are the nost |inear anplifiers. Cass-A anplifiers are
suitable for signal s that can vary in anplitude, and their power
consunption fromthe supply (e.g., battery) is a constant
irrespective of the signal level, at |least so long as the signal |evel
does not exceed the maxi mum power capability or saturation point. C ass-A
anplifiers WD 96/ 08866
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are wast eful of power during nonments when a varying anplitude signal is
bel ow the S :
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Sat ur at ed- power output |evel. This aspect is inproved upon in C ass-B
anplifiers. Cl ass-B anmplifiers conduct signal current exactly

for one- hg, 9@688@“3 cycle of the i nput- si gnal wavef oisq ggs,ﬁ-,“
push- pul | (ﬂsass- anplifier one device conducts for one al f-cycl e,
and the other device conducts for the remaining half-cycle. ass-B
anplifiers consune a varying anount of current fromthe supply proportional

to the square root of the nomentary output power |evel. Although
Class-B anplifiers consune no current when not delivering output
power and their efficiency at I nternmedi ate power |evels between zero

and saturation is better than Cass-A anplifiers, 10 Class-B anplifier's
efficiency is neverthel ess |ower at |ower output powers than at

saturation, so that the rrean efficiency with varyin | i tude S|gnals S
less than the LM ﬁﬁgﬁgﬂﬁg Nover .

Cl ass-C arrplifiers conduct for | ess than one half of a corrpl ete signal
cycle and ~ are used primarily as radio- frequency anplifiers with the
| oad tuned to the signal 15BACKGROUND OICTHISDEVENTION €rs are suitable
only for constant_envel ope signal's, and operate at full saturation
efficiency the whbield of the Inyention i s attenpted to anplify non-

cnvel ope - 7T Rk et e 2 TR Fow Bmuet and e bR B fpear

clipped of f Jpiffication iseiable for use in a transiiftted) suthlasd ChsEACCPPSKSPinsitdtdrOUs

circuit conflguratlons used to inprove the 20 I'inearity of O ass-B and
Class-C anplifiers, and these can be broadly categorized as f eedback,

f eedf orward, vel ope I i on. ' - As an exanpl e of
f eedback teaml qﬁg ﬁ’ﬁ‘l ﬁ‘a}?}%&lﬂée been built in which an . ~anpl i tude
detector senses t$1§nﬂh'tﬁ§éﬂ féﬂTPJdid Eéﬁnﬂﬁﬁaﬁeﬁﬁf’m?&tbtoﬂé‘ b thefo

anplitude of the input signal. The error is used to generate a feedback
signal that caggoriesicr Ghpure amplimdeemed;ﬂatidm(.{nmer (H)pure maglegmndulamn &rters

the bi or sone othe ar anet in a di fio ich.will correct
the oraft O fnstnt exvelope signald Sisies. Braieny audulitiopoCEMS oF (Rbite Bd in

the prior argpy AN EfmodulanﬁmﬂxéHJ%ﬁM %hf ft5 Csuch as

enpl oyed, the étte I mnating a source of non- Inearity

known as AMsﬁnglPkidehandaGSSan _
The abbreviations AM, FM and SSB refer lnstoncally to modulatxon of radio

~ waves with analog speech waveforms. More recently, modulation with digital data
15  signals has assumed greater mportance. Digitally modulated signals occupy a wide
bandwidth unless means are employed to contain the transmitted spectrum. On one
hand, there are limits to how well the specttum can be contained using constant
envelope modulation for data signals. On the other hand, the use of non-constant
envelope modulation requires a linear transmitter power amplifier which preserves both
20  the amplitude and phase of the signals it amplifies and these devices are less efficient

than constant envelope power amplifiers.
Prior art recognizes a number of classes of power amphﬁer dependmg on the

type of signal that is to be amplified.

Class-A amplifiers conduct signal current throughout the cycle of the signal
25  waveform and are the most linear amplifiers. Class-A amplifiers are suitable for
signals that can vary in amplitude, and their power consumption from the supply (e.g.,
battery) is a constant irrespective of the signal level, at least so long as the signal level
does not exceed the maximum power capability or saturation point. Class-A amplifiers
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Feedback_t ec ues are known in which neither the anplit

angl e “} 96B’g#‘%rat her conpl ex vector conponents are. sens%@%%d to
what they shoul d be, and two error signals generated and fed back to
adj ust the each conponent to the desired value. This is known as
Cartesian | oop feedback whereas the anplitude and 5 phase feedback
techni que is known as a pol ar | oop. Feedf orward techni ques

known to the art include subtracting a %oportion of the power
anplifier output si gnal froma proporti®i of the input signal to obtain an

error lif the erro naI and_.t hen, subtracting the
error si gn&l'e g%%‘-l ng g momenty WLF arying, ampligde signahisbelow the g | y

I h [
ot Une’ ponss %Wa‘&ﬁﬂﬁ%@ %rﬁe A4 upB 3 Tlads B BAAGK. °™

substantially | Ol\aa-tBamphﬁersconductsxgwnufremﬂyyforen@hﬂebfﬂiﬁ@%wtw a
so-called {wo-tone test, where two signa cl ose toget her in
frequency Mmpuksignalwayeformyddn aqpushypul] 3‘&@338% enedavicercoaducts for-ene

the poter TArSHRR; phd B Wier'Bevick %@ﬁ?@ﬁ‘%@% ﬁ%ﬁk“@&%ﬁﬁé“ie%%'
third or deﬁmpﬁﬁﬁ%@dﬂhﬁé aarying amount of current from the supply proportional to the
square root of the momentary output power level. Although Class-B amplifiers
consume no current when not delivering output power and their efficiency at '
intermediate power levels between zero and saturation is better than Class-A amplifiers,
10  Class-B amplifier’s efficiency is nevertheless lower at lower output powers than at
saturation, so that the mean efﬁcxency with varying amplitude slgnals is less than the
maximum efﬁclency at saturated output power.

Class-C amplifiers conduct for less than one half of a complete signal cycle and
are used primarily as radio-frequency amphﬁers with the load tuned to the signal

15 frequency. Class-C amplifiers are suitable only for constant envelope signals, and
operate at full saturation efficiency the whole time. If it is attempted to amplify non-
constant envelope signals with a Class-C power amplifier, the signal envelope
fluctuations will not be faithfully reproduced, but will be clipped off or distorted.

Prior art also encompasses various circuit configurations used to improve the

20  linearity of Class-B and Class-C amplifiers, and these can be broadly categorized as
feedback, feedforward or envelope re-modulation. -

As an example of feedback techniques, amplifiers have been built in which an
amﬁlimde detector senses the output amplitude and compares it with the desired
amplitude of the input signal. The error is used to generate a feedback signal that

25  increases or decreases the power amplifier gain, or alters the bias or some other

 parameter in a direction which will correct the amplitude. |

Feedback techniques have also been described in the prior art in which both
amplitude and phase fwdback are ployed the latter also elnmnatmg a source of non-
linearity known as AM to PM conversion. -




f)roduct s. Typically a good linear power anplifier will achieve

I nt ermodul ation |evels 30 to 35 dB below the test tone | evel s

wi thout the Fﬁ Yzg TENtioned circuit configurations, B? gfrmard
can increase'this performance -to 60 dB bel ow t he test tone eve

Al so belonging to the class of f eedf or war d techniques is a technique known
as predi stortion, in which the power anplifier is driven with a

nodi fied i nput signal precal cul ated to produce the desired output
signal, using know edge of the non-Ilinear I nput - out put transfer
function. Envel ope re-nodul gtion can be used with a Cass-C

power anplifier to restore 25 the anplitude variations that the O ass-C
o envel bpe. r emodh PabAgK sPRges sty bR e fich i Grlibigs nd ek el "
power anpl i fin@rrathbPicomplexivegtdr c%h pohétits aft) Sns&i]okipdfed 1EPWhAtahéyshouhivbe, and
is nost efficiently acconplished nmeans of pulse wi dt h nodul ati on.
However, al |and two ernor raignals gu@mmmévmd fed/back; #o radjust the, sacho¢ompornent to the
ngﬂggg; ilﬂe&md value. VﬂigG/ 8\9:? as Cartesian loop feedback whereas the amplityde and
CPFSK ( Ggnt iﬁhﬁ@é‘?eéﬁbﬁ(ﬁ@t&ﬁﬁ&@%”l&iﬁvﬁ“ﬁi pmylwm I s a constant envel ope
Feedforward techniques known to the art include subtracting a proportion of the
powmranuﬂﬁkrouqmtﬁgmﬂihnna;mmxuﬁonofﬂmimmnshﬁmlmuﬂmﬁnanenor
" signal, amplifying the error signal, and then subtracting the error signal from the power
amplifier output signal. This is normally only technically advantageous when the error

10 mgmﬂJsakamwsnmﬂaxﬂw;mmmranmhﬁmrmnmm ie., vdwnﬂmanmhﬁuusﬂnmdy

substantially linear. : .
| Non-linearity is often measured by a so-called two-tone test, where two signals
~ close together in frequency f1 and £2 are added to produce a non-constant envelope test
- signal. Non-linearity shows up in the appearance of other frequencies in the power
15  amplifier output particularly at 2f1-f2 and 2f2-f1, known as third order intermodulation
products. Typically 2 good linear power amplifier will achieve intermodulation levels
30 to 35dB below the test tome levels without the above-mentioned circuit
configurations, while feedforward can increase tlns performance to 60 dB below the

© testtone levels.

20 Also belonging to the class of feedforward techniques is a technique known as
 predistortion, in which the power amplifier is driven with a modified input signal
“pnxﬂhuhuﬂtopmummeth:dxhedoﬁmmtﬁgmﬂ;uﬁngknuwkmgeofﬂmlmnkﬁmﬂn

'uum&oqutummﬂmﬁmmmuu :
- Envelope re-modulation can be used with a Class-C power amplifier to restore

25 &maanmﬁbvunmmmsﬂmt&m(ﬂmw43powmranqdﬁkxdmutmtmxnmﬂynqummz.

*'The most efficient form of envelopé remodulation is to vary the power supply voltage
to the power amplifier. This is known as high-level amplitude modulation (AM), and
is most efficiently accomplished by means of puise width modulation. - However, all
forms of high-level AM require the use of bulky components.



nodul ation, i.e., a pure phase nodul ati on which the phase trajectories are
heavi |y snoothed to control adjacent channel energy. The advant age
of CPFSK_j it can be anplified using a d ass- 1.t power -
anplifi 5"."?9@%‘ Unfortunately, a constant envel ope&gﬁt’g%ﬁgc}d"aes not
achi eve a sufficient ~ conprom se between adjacent channel and

communi cation efficiency for digital |and nobi l e radio (DLMR) such as
used in cellular tel ephone systens. Adj acent channel energy
can be reduced by filtering the CPFSK signal in the |, Q domain,

which is equivalent to RF band pass fi I;‘Qri ng. However, this introduces 10
anpl i tude nodul ation and a C ass-C power anplifier can no | onger be used.

and 111 ed Januatp PR GoabniSi-bhase, Freelch Sul KD B A by, FifeibB ™

anpl i fi er s pgsdldkion, i.c., a Pare phasei ibdslaficie wiich HRFSkasE itaetories e GRAIyIEd i N
such a way that the desired anplitude variations Can be created. The
present i nsmaethed te controladiacpas ehannghenergye r The) givantage of EFFSK isdbasrit eamt nay

be conbinegd tqg s anti a duce .adj acent annel energy pr oduced
by the | ar gar‘mﬂiﬁ?? #@g%@%gﬁ“ﬁuﬂxﬁn&@% etenyel'ope_ nodul ati on.
SUMVARY OF THE I)nYéfiidatdly, a constant enveldpe BigRAE'Hoes R Nidhiveay Ohfficient

di sadvant age of the prior Dent-Lanpe invention whi ch generates two

si gnal s of compromisebetwten adjacensichanns! apd eommunitation efficiancyofor digitabilansd
shoul d gi ve duced ,adj nt .channel, enerqgy. .l nstead, the present invention
gener at es B}?éﬁgi 8@%§%”&Eﬁ§&%-ﬁ&@%ﬁm&%mnd a conpensati on
si gnal of -A!d?&ﬁt GANRE &gﬁg{: /éhnObY Yedub&l By ' nnel
energy. The present ' |lnve' ion Is basedsg'%gﬁ inlﬁgpgwégssﬁ%ﬁfo%v\er '
anpl i fi er i Qninmain,twhich issequivalerit to RF bandpass filtering:r Howeeer, thip intfaduces
signal,,. 25 . he i nyeni]on described,herein is a t hod of
obt ai ﬂpng'SEBWﬁldetB‘Iﬂ“RPrﬂWrﬁ aass‘cdl’%émﬂ %M@H-lem@dlwgnvm ope
nodul ati on, whi hipepi s Gy ' . inVeROS T
anpl i f-i er effi cuhgﬁ%§/ Pfiént pplication U g;sgdrm{]?"fnﬁu ,as invedis Désk Snd Gl

and filed January 11, 1994, it is disclosed that two Class-C power amplifiers can be

driven with different CPFSK signals and combined in such a way that the desired

amplitude variations can be created. The present invention comprises power amplifiers

15  of unequal power that may be combined to substantially reduce adjacent channel energy
produced by the larger amplifier operating with constant envelope modulation.

- . SUMMARY. OF THE INVE _

The present invention avoids a disadvantage of the prior Dent-Lampe invention

which generates two signals of increased adjaceht channel energy, which when

20  combined should give reduced adjacent channel energy. Instead, the present invention
generates one signal of normal adjacent channel eriergy and a compensation signal of

lower power having only the same power-to-adjacent channel energy. The present
in;renﬁon is based on combining a Class-C power amplifier signal with a very much

lower linear power amplifier signal. N . |
25 " The invention described herein is a method of obtaining spectral containment

benefits of non-constant envelope modulation, while achieving substantially the
transmitter power amplifier efficiency of constani_'e_nve_lope moduiation.

The present invention belongs to the class of feedforward techniques, but is not -
limited to the case where the power amplifier is already substantially linear. It is not



Yhe present invention belongs to the class of feedforward techniques, but

I S not | mted to the case where-the power anplifier is already

Substanti i's not WO 96/ 08866 .

Supstant ?’é%ﬁﬁd " . PCT/US9S/11754

concei ved for making an al ready Irnear power ‘anpl |f|er even better, but

rather as a means of . using:a*hi gh-effi¢i ency d ass-C power arrpl i fier
- to produce bandw dt h- “-eontai ned signals. Speci fically,

t he present invention involves a nethod and apparatus for 5 pr oduci ng
anplified signals for comunications haysng reduced adjacent channel
“ener gy involvrng generating a first signal having an undesi red anDunt of

adj acent %?ﬁﬂ 7 yalr%ﬁ ﬁﬁﬁgﬁg lb%hgf gto
t he undesi re grééﬁtr:&t} g'd gcent gﬂ’én energy, an trac |g§ng t he

second si gmadans rafnusibg af hxght-efﬁcgney Class-C power camplifier te pumduee ibandwidth+nt of
adj acent channel .energy. 10 In an alternative enbodi nent, the
present | nFoRRINed SIgRAlS-ves a net hod and ~ apparatus for anplifying

Coaludi g gene ng%ﬁ at on Sl iRVAEEA Pﬂbﬁ%@”{ G554 Pand FPPHE o3

I ncl udi ng gener at’i ng gnal's wherein a sumo squar es
of 5 i rproducing amplified asignal3 o cemmunications havingt redacsd adjacert hehahnelQ

signals t-o e%er a%%%fv‘i’{ge generating a first signal having an undesired amount of adjacent
channel energy, generating a second signal corresponding to the undesired amount of
adjacent channel energy, and subtracting the second signal from the first signal to

~ remove the undesired amount of adjacent channel energy. :

10 In an -alternative embodiment, the present invention involves a method and
apparatus for amplifying communications signals exhibiting reduced adjacent channel
energy including generating I, Q modulation signals wherein a sum of the squares of
instantaneous I and Q signals is a constant, applying the I, Q signals to a quadrature
modulator operating on sine and cosine carrier frequency signals to obtain a constant-

15 envelope signal, amplifying the constant envelope signal using a power amplifier
designed to yield iﬁgh efficiency with constant-envelope signals, high-pass filtering the
I and Q signals and applying the high-pass filtered signals to a second quadrature
modulator to obtain an error signal, amplifying the error signal using a linear amplifier
adapted to effectively amplify varying amplitude signals, and adding an output of the

20  power amplifier to an output of the linear amplifier in order to obtain a signal having
reduced adjacent channel energy.

In yet another embodiment, the present invention involves a method and
appai'ams for producing digital data signals exhibiting reduced adjacent channel energy
including generating I, Q modulated signals representing digital data, the signals having

25  greater than desired adjacent channel energy, applying the I, Q signals to a quadrature
modulator operating on sine and cosine carrier frequency signals to obtain a first

- signal, hlgh—pass filtering the I, Q modulation signals to obtain high-pass filtered I, Q
signals, applying the high-pass filtered I, Q signals to a second quadrature modulator
to obtain a second signal, and amplifying and adding the first and second signals to

30  obtain a signal having reduced adjacent channel energy.



nodul at or operating on sine and cosine carrier-frequency signals to obtain
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I yet another enbodi nent,

dar s P Eﬁéﬁﬂ?ﬁ'ﬂ?%%@@at p areRAL BB bRl 3 o

the
appl yi ng

mﬁg?qéﬁérgy

gpiafs é:&i?éxﬁﬁ
an deS|re dj acent

itluding &degadlsm data signals] threugh ao;lnftmgmg:roof Ni stegespd

i1t ori ng coptlng NRHBRCKoM BR Y Jegiter Sridstondipe o phe dass N alichisad e &
Zluggflgtsur ?ﬁ%%t%@mwﬁg?ﬁ:#ggggc%#madénm?f Vi ng and
addi ng t hdines efthesead enly memnary 4o thesdigis lines of a bounter, dncregentinghtheicognteeduced
adj acent ¢hRBh sEiznldily a mumber of sets of four output values from the read only
memory, dxgxtal-to-analog convemng_the four output values to.obtain a first I, Q signal

and a second I, Q lsignal, applying the first I, Q signal to a first quadrature modulator

to obtain a first signal of higher than desired adjacent channel energy, applying the
second I, Q signal to a second quadrature modulator to obtain a second signal, and
amphfymgandaddmgtheﬁrstslgnaltothesecondsxgnalmanopumumratxo to obtain

a signal of reduced adjacent channel energy.

i

10

The invention wﬂlnmw'betk&nﬂnd'wnh:zﬁmmux u>ﬂu=mxmnumnwng
drawings in which:

Figure 1 lsagmphofatyplcalspectrumofaradlo signal with digital data in
-a constant envelope; '

Fxgure 2 is a schematic of a conventional adjacent channel energy cancelmg
circuit; | -

Figure 3 is a schematic of a power amplification circuit for amplification of
nnqéomnmneuwmunlmmhwnuiﬁgmn&inauummumevﬁﬂumepnmuuhnmummu '

Figure 4 is a schematic of a power amplification circuit including direct
generation of the difference signal by high pass filtering, in accordance with the present
invention; and : :
| Figure 5 is a schematic of an embodiment using a ROM modulator, in
accordance with the present invention. :

15

20
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'6- In a further alternative enbodi ment, the present

I nvention involves a nethod and apparatus for anplifying digital data
signals exhbbihdsge reduced adjacent channel  ~ energy in H.},g edi ng
digital data signals through a shift register of N stages, 3 hﬂ?‘éﬁ% ing N

signals fromthe shift register corresponding to the last N data bits of
the 5 digital data signals to address input |ines of a _read onIy nennry
connecti ng address lines of the read only nmenory to
of a counter, increnenting the counter to obtain seg
nunber of sets of four output val ues fflem the read only

gEfirst |, Q signal to a

si gnal ’
first quadrature nodul at or D B DIMENTSSI gnal of hi gher than
desired adj acent channel ener gy, applylng t he second |, signal to a

second quadr at Eﬂﬁuﬁﬂdﬁh%dhetMtWﬁc&)m%m&ﬁ mogulated with digiali fyi ng

obtain i o trklan? sglin BbiBf, RO el O Randiy BY sPdenidit ERi© 1 ©
BRI EFSDESWnﬂfﬁ&HETﬁR@UcNGﬁ ddnsists of a main Jdbe donviithg @he Wahied Ri3Habe

described with reference to the accopgpanyin draw ngs in which:

Figure 1 PRFTEYyg pu ﬁt@@bl @éﬁs HrecHiRtsh of eacrgydregchingristo \mlglhbqﬂ@ﬂtal
data in tic of
an adj aceﬁkfmgﬁgnoﬂﬁéénergy cancel Ingpléedlomegml)gglatdja%ﬁt cl%nha ﬂé&rﬁ%we 3

is a schermm&mm%emymmapmw@mmlnéﬁm&mﬁk
non- const ant, envel ope_ nodul ated signals, in_accordance with the present

i nvent,i onbandwidth of the intended Jegedver. | Ehezefors; dfithey could be emitisd, thegniendedht i on
it cpt | ekl Gufd ddt Khow e mﬁ%ﬁ{eatﬂr&agggﬂw%&é%@a% et "' 9"

pass Tilterrng, 1 n accor ¥t he”p
radio channels would however benefit from the removal of this source of interference,

which is a main objective of the present invention.

The interference energy in the tails represents only a small fraction of the total
energy and could in principle be removed using a bandpass filter after the power

15  amplifier. Unfortunately, bandpass filters of narrow bandwidth at a RF output
frequency are generally impracticable. On the other hand, a bandpass filter equivalent
can be formed at low power levels by generating the desired signal using a so-called
quadrature modulator. This quadrature modulator which can be constructed according
to U.S. Patent Application No. 07/967,027, naming the present inventor and B.

20  Ekelund, filed October 27, 1992, and its CIP application, U.S. Patent Application No.

naming the present inventor and filed on a date even herewith

~entitled "Quadrature Modulator with Integrated Distributed RC Filters" (Attorney
Docket No. 027540-287), decomposes the desired signal into a sine and cosine waves
of varying amplitudes, indicated by the waveforms I(t) and Q(t).

25 It is well-known that low pass filtering the I and Q signals is equivalent to
bandpass filtering the RF output signal, producing a contained spectrum with low tail
energy. However, a signal so-generated is not guaranteed to be a constant envelope
signal, which requires that I squared plus Q squared be 2 constant TC+Q@=0C). A
signal not conforming to this would not be faithfully reproduced by a Class-C

30 - amplifier.
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25 I nvention; and Figure 5 is a schematic of an enbodi nent

using a ROM nodul ator, in accordance with the present invention.
-7- DETAI LED DESCRI PTI ON OF T, '

. . TU o
PREFERRE&%%%EI\ITS Figure 1 shows the typica §9|§’elé-{5r4um of a
radi o signal nodulated with digital data in a constant envel ope

fashi on, such as can be handl ed by an efficient dass-C 5 - power

anplifier. The spectrum consists of a main | obe containing the wanted
'signal . energy, but has attendan(tg_"tai | s" or "skirts" of energy
reachi ng i nto nei ghboring channél's. These cause the undesired

phenonmenon of _adj agen hanne] interference. ... .. |t is unnegess to
transnit the §¢8 Yi,k: wa W?W.%@B,gégmmgmsﬁﬁ@qu%ass
bandwi dt ient.e YarsIe .ﬁmm-,}ﬁ% 0 oK gahﬁatb?gm ted,
the int e%ﬁi%& (é‘-geg,@%fy@@ﬁ?f’ not n{?\?fé'fhvés'dlq ?Eélrﬁg%tgg ni n ntl%nal '
recei ver gnehng6flatso-dalied ROManodulator. TheaRIOM aioduolacdrsrelies bo beingeabde thenef i t
fromthe renoval of this source of interference, ich is in
obj ect | vmm.ﬂp@w&wmmsamﬁe_mn filier to ?MM&?P@W@P&&@EH gy in
the ail 3ekGR! ﬁls,e\gﬁe?e 99 o¥vel aSROM of 4 ?&Ebr%l@éizé.h@sﬁ@ttﬁé truncated impulse

response, the filter can produce, over each bit interval, one of a finite number, 2V, of

possible waveforms. By storing each I, Q waveform at an adequate number of samples

per bit in a ROM, the modulation and filtering is achieved simply by feeding the data ‘

_ stream through an N-bit shift register which addresses the ROM to output waveforms
- 10 for that bit interval. _ o S
The present invention is based in part on the following premise: a second I, Q
waveform can be generated by a second ROM modulator of the same impulse response
length N as the first modulator, but which has the spectrum only of the adjacent
channel energy which is to be eliminated. The present invention is based on the -
15  proposition that a very low power, linear power amplifier can be used to amplify the
second signal, which would then be added to the original constant envelope signal -
produced by an efficient Class-C power amplifier. Since the adjacent power channel
energy of the original waveform is perhaps already 40 dB down, the linear power
amplifier would be 20 dB below the main power amplifier and added via a -20 dB
20  coupler. Fora 3 watt main power amplifier, the linear power émpliﬁer would be only
30 milliwatts average power. - L
With reference to Figure 2, a digital data stream is input to an N-bit shift
register 21 the contents of which are input in parallel to 2 CPFSK ROM modulator 22
and an adjacent channel canceler ROM modulator 23. The bits in the digital data
25  stream act as addresses in the ROM modulators 22 and 23, the output of which are I
and Q signals which correspond to the input data including skirts and the skirts per se.
The I and Q outputs of the CPFSK ROM modulator 22 and the adjacent channel
canceler ROM modulator 23 are input to quadrature modulators 24 and 25, each having
respective sine and cosine mixers 24a, 24b, 252, 25b the outputs of which are inputs
30 to respective summation devices 24c and 25c. The output of the first summation



%
energy and could in principle be renmoved using a bandpass filter after the
power 15 anplifier. Unfortunately, bandpass filters of narrow bandw dt h

at a RF ouWDL.86/08866 frequency are generally inpracticable. gl g%
hand, a bandpass filter equival ent can be fornmed at | ow power levels

by generating the desired signal using a so-called
nodul ator. This quadrature nodul at or whi ch can be const UHSSHECEWA@IBEEN
to U S. Patent Application No. 07/967,027, nanmi ng the pl esentnﬁﬁnﬁtﬂﬂmr an
B. 20 Ekel und, filed October 27, 1992—9~and its Cl P appHeateomr—U

Pat ent . No. 5,530, 722, entitled "Quadrature I\/bdul ator wrth

| nt egr at eddévics. mmmrmemsmw aydulator 22 is Dyt ed afﬂ!hss@iﬁwer 287),
deconposes t he_desj red S|gnal into a sine and cosi he waves

var yi ng anpmplifier2p, whilsithewtputaf the,summatondemics ZiC)asmtq with :rdeacent

g %%B%W‘é@%&%ﬂ%r@%kg VSR R 27, oo e

Spectrum WIth | The t Glaks-C poweermlmﬁerHQWeuﬁ ,a aelaquiom Of 'R afed ts not
guaranteed to bhe a _cognstant, envel gpe - gnal, which requires that |
squar ed pl IPPrEXigRiRly Sowats, afoemﬂm The alat}verm@mqtput af) the Ainear powesi gnal

nol ©onf o il e '8 )l il 30w VNG WinnlhiBFof 0
PCT/ US95/ 148 %ie adjacent channel energy is below P,. - 8-
The output of the linear power amplifier 27 is then coupled to the output of the
_ Class-C power amplifier 26 by a eoupler 28, having a relative transfer power ratio -
10  A/2 dB, for example, -20 dB. | "

- An alternative. embodiment is depicted in Figure 3, wherein a constant
amplitude signal is initially generated from an input digital data stream or modulating
waveform using, e.g., an I, Q modulator 30, and amplifies the constant amplitude
signal with a Class-C power amplifier 31. The I, Q modulator may be configured as .

15  disclosed in U.S. Patent application No. 07/967,027, naming the present inventor and
B. Ekelund, filed October 27, 1992, and its CIP application, U.S. Patent Application
No. _ 08/305,702 naming the present inventor and filed on a date even
herewith entitled Qumhanueihkﬁhhmx with hquamd rmnnbumd RC Filters"
(Attorney Docket No. 027540-287). Then, on a parallel line, a corresponding non-
20  constant amplitude signal is ﬁmduced from the input data stream in a second I, Q
modulator 32 having the low energy spectral tails. The non-constant envelope
modulator separates out the spectral tails from the rest of the input signal by means of
the ROM modulator 23 (Fig. 2) or by means_of a low pass filter. The constant
envelope modulator 30 and the non-constant enveldpe modulator 32 are each“supplied
25  a carrier frequency from a common source (not shown) The difference between the
spectrally contained signal from the I, Q modulator 32 and the constant envelope signal

from the power amplifier 31 is then formed in a signal subtractor 33.
- The difference signal from the subtr_actor 33 is a non-constant amplitude signal
which is amplified using a linear power amplifier 34. The amplified difference signal

[
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Generally, I, Qwaveforns are created for digital transmtters whether of a
CPFSK type (e.g., GSMtype) or otherwise (e.g., US 1S54 dlgltal cel | ul ar
type) b means of a so-cal |l ed ROM nodul ator. The r
relies ?Hogg?%g able to _ truncate the inpul se response oMlhe
prenodul ation filter to a reasonable nunber of bit 5 periods, N, where
2[err]-:gives a ROM of a reasonabl e size. Using the truncated irrpul se
response, ‘the filter can produce, over each bit interval, one of a‘finite
nunber, 2[err], of - possible vvavei rms. By storing each |, Q waveform
at an adequat e nunber of sanples er bit in a ROM the rmdul ation and
filtering.is L eve n amthrouhan

N- bi t shlferr&ﬁqé‘Fé’F Lgﬁriﬁaévei@a t‘ﬂ%wﬂoﬂfﬁﬁl’hﬁg GULRYEL ¥{AL f of

t hat bit } hiion i s based in part on

-
the foll ovm ng prem co%plerBSS(ta%o 5 ‘&1@3 S\Bave ormcan be generated by a

- second ROM nodId thiotechhiqué ¢heserror signal coxsists oniyrofdow energy thilsiand he
first m)dul ator, but_which has the spectrumonly of the adjacent

channel W@ﬁlﬁ a very low paweglingar-power tmscaimmméhe PutPBEsed on
the 1 ?é‘;‘,_t[ll on that a very |ow power, linear power anplifier can be
used n%‘?ﬁ second signal, which would then be added to the

or i gi nal _const Rris m@tﬁmﬂﬁt goaliding devicersach a sudhyasithe dfifeciomb cogdless- C
power anp| |f|er Si nce the adJ acent power channel : ener qy of the
“origi nal ¥hcan addrsigals of the same fregegncy (vithout some lesse However,

a5 20 er%%%%ﬁfaﬂ%@\?ﬁ @W@“ﬁ%@tﬂp‘%?@ e @P%@%ﬂg%ﬁ%ﬁ : 20

anpl i fi ertheQutiél dfﬁthé"pbtker levels S0the hin ClasssCopoiwerEnplifiee 31 and the error
- Wth reference to ure 2, a digital data streamis input to an N-bit

shi f 10 amph&gﬁﬁ werdevebn tonesample,if the Class-C power amplifier:31 i of o a

25, Tho H FIOYHE: A8 B oy apiielde ioed Baly, £0RAE' 1 SARCHL S 84 B

nmodul at or | gt Y5whi ch
u sgegﬂguthe Ia?rg%rflie i infote thin \30 A Gowa, |then a diréEtbri Toapl i

correspon data including skirts and the sklrts per se.

The | andprefecably has a)lossmf GBrdK e mradm | Lakilowatt pawer mhﬁq-a%elﬁ dBhannel
coupling ratio to the error ampllfier 34, and accordingly the error amplifier 34 is

15 mcreasedmpowerlevelbylSdBfromlwatttoSOwattstocompensate |
In this way, the lower power amplxﬁer 34 is given the htghest loss path and the
higher power amplifier 31 1s given the lowest loss path, m:mmxzmg the 1mpact on
overall efficiency of loss in the adding network 35.
A more reﬁned verslon of the present mvennon will now be described with

20  reference to Figure 4.

The non-constant envelope sxgnal may be produced by low-pass filtering the
constant envelop I, Q sxgnals and applying them to a second I, Q modulator. Since the
:dxfference of the output signal from this modulator and the first constant amplitude
modulator is required, this difference can be calculated at the I, Q sxgnal points.

25  Moreover, the drfference between a signal and a low-pass ﬁltered version of it is
merely a hxgh-pass filtered version. '

Therefore, a preferred mplementanon shown in Fxgure 4 forms the difference
s1gnal directly by lngh-pass filtering the I, Q sngnals usmg a paxr of high pass filters

: 40 (one for each signal) and applymg them to a second quadrature modulator 42. The
30 difference signal is amplified as before in a linear error amplifier 44 and then added



cancel er ROM nodul ator 23 are i nput to quadrature nodulators 24 and 25,

each havi ng
put puts ofyy
25c. The output

respective sine and cosi ne m xers 24a, 24b, 25a, 25b the

re inputs 30 to respective sumation de nd
of the first summation Mﬁ%ﬁ%"‘a

-9- devi ce 24c associated with the CPFSK ROVI nmodul ator 22 is input
to a C ass-C power amplifier 26, while the output of the summation
devi ce 25c associated with the adjacent channel cancel er ROM

nodul ator 23 is
G ass- C power a

input to a linear power-lpplifier 27. The
nplifier 26 has a rel ative power of Plerr] equal to 5

appr oxi mat ¢ ¥ diréotibnal ,coipler d5atorthe .oufpit ofel edristant RAVEIOP® ainplifieV i3 twidch | near

applifier 27 is Plerr]. - A2 dBw, for exa Ie 30 mlliwatts,

power
wherei n A Teceives afopsiant eavelope signghfromea ﬁﬁm élgy is bel ow
Plerr].

coupled to the

oat c’u l%?’ ?#E%Eergf“té@% lbbgﬁ g%vxg&l V@%W'“@%@%’é Aéé‘&{pl er

28, havi nglmvereﬁmm mights howeveryoniprise digitaldo-andlog coRverters i thel] @ - 20

dB.
wherei A a Sigals
| nput digital

modul ator 30, a

An alternative enbodinent is depicted in Figure 3,
griginate in digitg| formele S|gnal is initially generated from an

%Wﬁemg&l‘%@ﬂ@ @#@ﬁ@&%ﬁc}’%&ﬁwﬂe&%&%@ﬂ&wan I, Q

10

15

20

30

linearly filtered data signals may be accomplished with the aid of a so-called ROM

modulator. The ROM (Read Only Memory) modulator assumes that the filter used to

shape the I, Q or phase angle transitions has a finite impulse response of a few data

symbols (e.g., bits) duration. That means that each segment of I or Q waveform over

a symbol period depends only on that finite number of bits. For example, if the filter
impulse response is five bit periods long, there are only 32 (2°) possibilities for the

output waveform. Plus/minus and time reversal symmetries permit a compression of |
these waveform types so that all may be stored in a small ROM. Modulation and

filtering are then combined in the operation of simply retrieving a waveform from a

memory location given by the last five data bits. .

An implementation of the present invention can be constructed where both the
constant envelope modulation and the high-pass filtered version of it can be represented
by finite impulse response filter functions. The finite number of I and Q waveforms
which can arise are then stored in a ROM for both versions.

- Referring to Figure 5, every bit period a new bit is shifted into an N-bit shift
register 50, and the last N bits, where N corresponds to the impulse response length
of the filter, are presented to a ROM 51. Two I and two Q waveforms (corresponding
respectively to the constant envelope waveform and the high-pass filtered waveform)
are selected from the ROM and converted from digital to analog form in four digital-
to-analog converters 52 - 55. . | .

In response to a clock input, a counter 61 then steps M times during each bit.
period of the input digital data stream to produce a sequence of M points representing
in discrete steps in the waveform over the bit period. The D-to-A converted
waveforms are filtered in anti-aliasing low-pass filters 62 to remove the step granularity



signal with a Cass-C power anplifier 31. The I, Q nodul ator may be
ed as 15 di sclosed in U S Patent appl i cati on No. 07/967, 027,

hevd o6 eseEd | nvent or and B. Ekelund, filed Octlpgﬁﬁsﬂ”s%%&

confi gur
nam ng t
and its

CIP application, U S. Patent No. 5,530, 722,

entitled "Quadrature Mdulator with Integrated Distributed RC Filters”

(Attorney Docket No. 027540-287). Then, on a parallel line, a corresponding

non- 20

The non-

constant anplitude signal is produced fromthe input data stream
“in a second I, Q nodul ator 32 k& ng the | ow energy spectral tails.

constant envel ope nodul at or separates out the spectral

tails

fromtheaﬁ&ﬂien@feséﬁtedmpwu lyoioal constanitenvelopé modulator S6rand@M efotisighiabr 23

(Fig. 2)

or by neans of | ow pass filter. The constant envel op

e

rmdul at omodulaiard7; rﬂspmeb'@ nEhegnsant envelnpe faerdulatonputput maybeamplifiedpl i ed

"B o' s € FUER b S B THRE B iRt B BREY DY a i Bowely °32°

ampEfienso. emeb@npatssofqﬁatwo power amplifiérs ard tisnraddedin 4 tiﬁ'éclibhal s then

bet vveen
and the
f or rred [
t he 8ubt eeuples

n a &gg subtractor 33. The difference signal
3 is a non-constant anplitude. signal which is

from

anpl | Fi'ed usi 0, b330 UL 0 Witk btk cloenkiGn PPk Inbilatl cBRC

si gnal

PCT/ US95¢dmpdnénts, it may be necessary to build in a relative delay of the constant envelope! O-

10

signal relative to the error signal to compensate for the inherent delay in the high-pass
filtering operation. This can be accomplished in the implementation of Figure 4 by
digitally retiming the data stream by means of high-pass filters 40 used to produce the
constant envelope I, Q signals using a suitable clock. If the high-pass filters 40 exhibit
a delay, the filters 46 can delay the constant envelope signals to align them in time for
correct cancellation of spectral energy tails. In the case of' the ROM modulator, the

 relative delay can be built into the ROM contents.

15

20

Other embodiments of the present invention will be apparent to a person skilled
in the art which differ in detail, but embodying the present invention’s general principle
of generating an amplified error signal corresponding to the unwanted spectral energy
tails of a constant envelope signai, adding this signal to the constant envelope signal
so as to cancel those unwanted spectral components, leaving a signal with greatly
reduced adjacent channel energy.

While only particular embodiments of the present invention have been shown
and described herein, it will be obvious that further modifications may be made without
departing from the invention in its broader aspects. For example, various other
implementations could be devised utilizing other hardware devices, digital signal
processors, or memory configurations. Accordingly, the claims are intended to cover
all such changes and alternative constructions that fall within the scope and spirit of the

invention.

&



fromthe Iinear anplifier 34 is added to the C ass-C power anmplifier 31

out put usi ng a directional coupler 35 to cancel the undesired
spectral twblognossss ' In this technique the error Sb&F‘ o51984 St S
only of |ow energy spectral tails and thus requires only a very | ow

power |inear power anplifier to scale themto the output 5 signal I|evel.

It is well known that no addi ng device such as such as the directional

coupl er 35 can add signals of the same frequency w thout sone | oss.

However, the | oss can be m nim.zed by choosing the coupling ratio to
be of the order of the square root of -13- 7 the ratio of the power |evels

of the maln Cl ass-C power anplifier 31 and the error 10 arrpllfler 34 peak
power |evel? I claim: exanple, if the Cass-C power anplifier 31 is of 1

E}lf\é\gtt .and thgcte;;%r{!%ﬁ%déﬁl er 34. needﬁ%ﬁégﬁﬂs%ﬁraf 1 mﬁtttiqq%)ébpvutue

dlrectlonalmcaam&atcnmlem %mma%ow @E sihp$ ot o the min 1

ki | owatt. power anpllfler B coupllng ratlotothe error
anplifier 34, and accgmﬁratgl ﬁrsQSIgnﬂdlavmgmmlmdemeﬂéhmmMBfadjamtdmnd in
power level by 15 dB from1l watt to 30 watts to conpensate. In
this way, t ower power anplifier 34 is given the highest |oss path and

t he hi gher powe f .
i 7 ng e | mpact Earaig! 4 Sécohd fignalchfiSeobing W e wiRSR belount of

net wor k 35.adjacent channelenetgy;md refined version of the present i nvent | on
wi Il now be descri bed th.20 refereng ure 4.
non-constant envel opes"g tng s3d %55 %f !ﬂé’é%"ﬂ/ S%Mﬁ%rrmﬁgetsn@
constant enye gpeéj a?eﬁrﬁ:aﬁm themto a second I, Q nodul at or.
Since the ??erence i) the out put Signal fromthis rmdul ator and the
first, constant anplitude nodul at or i s required, this difference can
be cal cul ated at_the | na | nt Mor eover, the difference
between a si gnal2-and & ¥ gﬁ%" Wéﬁl‘l first signal is a ¢pnstany o
hi gh- pass f si on. , Therefore, a preferred

edvéﬁgsmg gHl. _

|rrplerrent|ons Flgure4forms t he dlfference
2 A method according to claim 1 wherein said step of generating said first
 signal includes phase modulating a carrier frequency signal.

4. A method according to claim 3 wherein said phase modulating step
includes quadrature modulation using sine and cosine carrier frequency signals.

5. - Amethod according to claim 1 wherein said step of generating said first
signal includes modulating a signal with digital data. '

6. ~ A method accordmg to claim 1 further comprising the step of amplifying
saxd first mgnal by a Class-C power amphfier

7. A method accordi'ng to claim 1 further comprising the step of amplifying
- said second signal by a linear amplifier. '

* c L M-S *



signal directly by high-pass filtering the I, -Qsignals using a pair of
hi gh pass filters 40 (one for each signal) and applying themto a

second qWWe nodul ator 42. The 30 difference si gnalpcrm;sggpjﬁl ed as
before in a linear error anplifier 44 and then added

96/ 08866

PCT/ US95/ 11754 . -11-

in a directional coupler 45 to the output of a constant envel ope anplifier
43 whi ch recei ves a constant enﬁ\_ll ope signal froma first quadrature
nodul at or 41. Opt i onal pass filters 46 nay be |ncI uded,;

both the upper fllters 46 and r filters,40 m ght, howe

conprise di glt 8 - t o Aumethod %ﬁ(ﬂéﬂ&&ﬂgww Tein ggid sgbtmcgg nat e
in digital ' Sipdihedt
envel ope ﬁ%ﬁpﬁ%lfl ﬁaqlﬁecgl gnaou{:ﬂrgﬁcﬁfsf‘indwﬁnﬁeaﬁﬁi ?‘PIterec da.lg{]

si gnal s mptigoe acconplished with the aid of a so-called ROV
modul ator. The ROM (Read Only Menory) nodul ator assunes that the filter

used to shape the |, Q or phase-angle transitions has a finite

I mpul se respon a ) xﬂi’b‘i at

means t hat eac segﬁﬂﬁﬂéf“d?&a@%%@%&"% s@hﬁl?e r%?ép&gﬁadd

depends og | ety Csaid o donkprising fhe'supsaatol e, |f Jthe filter

i mpul se re ponse I's f|ve It periods long, there are only & %é

possibilities for tigenerating I, Qmodulatien si Signals, Whergiy h%°§ﬁ€F g er sal

sym"retrle?ns er m t aI P’&ressmn aOEo tant; ‘
.5 applymgsadestgnalstoaquadmturemodulatoroperaungonsme

and cosine carrier frequency signals to obtain a constant-envelope signal;
amplifying said constant | envelope signal using a power ampliﬁer .
designed to yield high efficiency with constant-envelope signals; _
high-pass filtering said I and Q signals and applying said high-pass
10 ﬁlnered signals to a second quadtamre modulator to obtain an error signal;
amplifying said error signal usmg a linear amplifier adapted to
effectively amplify varying amplitude signals; and
_ addinganouqmtofsaidpowerampliﬁcxtoaneutputofsaidlinear
ampﬁfwrinordertoobtainasignalhavingredmedadechamelencrgy.

10. A method according to claim 9 wherein said I, Q signals represent
digital data modulation signals.

11. A method of generating amplified, digital data-modulated signals
exhibiting reduced adjacent channel energy, said method comprising the steps of: '
generaung 1, Q modulated signals representing digital data, said signals
having greater than desired adjacent channel energy;
5 applying said I, Q signals to a quadrature modulator operating on sine
and cosine carrier frequency signals to obtain a first signal;
high-pass filtering said I, Q modulation signals to obtain high-pass

filtered I, Q signals;
N O 00




{hese wavef orm types so that all may bé st'o'red kn a small ROM Mbdul ation
and 15 filtering are then conbined in the operation of sinply retrieving

& wavef or Ryd bQslsss menory | ocation given by the | ast I’gillﬁ %g%“bl ts.
e V\Rere 0

An inplenmentation of the present invention can be construct th

t he constant envel ope nodul tion and the high-pass filtered version
of it can be represented by finite inpul se response filter

functions. The finite nunber of | and Q waveforns 20 whi ch can arise are
then stored in a ROM for both versions. Referring to Figure
5, every bit period a new bit is shiftedl$nto an N-bit shift regi ster -
50, and the last N bits, where N corresponds to the inpul se response |ength

of the filter, are prapplyingdsdid high3pdés Sfilterdd\d, IQ aipfhals\d & s660MRS Gldtrature
(corresgondi n respectively to the constant envel ope waveform and the
hi gh- pd8s m ond Signgleanh| ect ed from the ROM and convert ed

arfpe
fromdigital to analo ' . di gi - o-anal onverters 52
55, © 209 pBiig fod §ding id Bt ang seconi BT, REBRILK “ighal
times duri nhaving feduckd adjacent RRirnelesdrgy.ne i nput digital data streamto
produce a sequence of M points representing in discrete steps in the

~waveformover the bit period. The D-to-A converted 30 waveforms are
bl oty 2™ 18! 23 DA R delding pifHed Uigifl i Mbduitkto obtain
PCT/ US95/ 11gipfials reduced adjacent channel energy, said method comprising the steps of: ~ 12
generating I, Q signals corresponding to a constant-envelope digital data
- modulation; _
5 applying said I, Q signals to a quadrature modulator operating on sine
and cosine carrier frequency signals to obtain a constant-envelope signal;
amplifying said constant envelope signal using a power amplifier
designed to yield high efficiency with constant-envelope signals;
high-pass filtering said I, Q signals and applying the resulting high-pass
10  filtered signals to a second quadrature modulator to obtain an error signal;
| amphfymgsaxd error signal using a linear amplifier adapted to varying
amplitude signals; and N .
| adding output of said power amplifier to output of said linear amplifier
to obtain a signal having reduced adjacent channel energy.

13. A method according to claim 12 further comprising the step of
retrievably storing precalculated I, Q signals as values numerically stored in and
‘retrieved from a Read Only Memory.

14. A method of generating amplified, digital data modulated signals to
provide reduced adjacent channel energy, said method comprising the steps of:
- feeding digital data signals through a shift register of N stages;
coupling N signals from said shift register corresponding to the last N
5  data bits of said digital data signals to address input lines of a read only memory;

* c L M s *




and then presented respectively to a constant envel ope nodul ator 56 and an
error signal nmodul at or 57, respectively. The constant envel ope

nodul at o&wgym%_may be anmplified by a Cass-C pov‘efcﬁ'ﬁgs?ﬁjfﬁr 58
|

while th ignal is anplified by a Iinear power er 59.
The outputs of the two power anplifiers are then added in a dlrectional 5
coupl er 60. It is pointed out that, to obtain best

cancel | ation of .the unwanted spectral : corrponents, it may be

necessary to build in a relative delay of the constant envel ope
signal relative to the error signal to_ggmpensate for the inherent delay in
t he hi gh-pass filtering operation. This can be acconplished in the

moans of i gh pass | PRRELo §odss fifth Ur id deal Ty idthoty ® 12 SR MEONE Y

|, Q signahsouftef}g a suitable clock. If the high-pass filters 40 exhibit
a delay, the filters 46 can_delay the constant envelope si.gn to allgn
themin tinme for>~  incremen tebtain sequensiall }gsftst

t he case of relatlve delay can be bUI|t-II’ltO
t he ROM coﬂ?‘@ﬁf‘é@g&&g&&%gm @ﬁgﬂgﬁ%odl ment's of the present invention
will hg apparent to gigil-feinaldg tdmverting said foup olipt ealiiesmbiobbuinla firstrd, Qn
detail, but enbodying the 5r esent invention's general principle of

gener at| ngsignalsand) 2 second &, Qasignalignal corresponding to the unwant ed spectral

The canstant envel opAPepipbcal ARt 1°0/fe8i o § 3 pwacrfRls Boalidof 7 HOREL 7.,

CormonentSamgm&%mamwbwwaémcﬂﬂme@&gyed adj acent channel

ener gy e only particul ar enbodi nents of the present

i nvention have been sppiying said secand 116 sighalete & second quadratyre jm tHus
that fyrthey podification y be nade w thout departing fromthe
i nvent gon Pﬁﬂ”t s?fr"ﬂgtfgmfi cts.- For exanple, various other
| npl enent ations coul %&ﬁg%ﬁﬁlﬁﬂés bF ishid SachRd sigRAN PR opitiufie faticdtcdi t al
signal 25 processors, menory conf| urations. "Accordingly, the clains
are i nt endebtainoa signal-of reducedma@mhaangmnd alternative constructions
that fall within the scope and spi r|t of the |nvent_| on. .
15. An apparatus for producing amplified signals for communications having
reduced adjacent channel energy, said apparatus comprising: .
| meanSforgeneratingaﬁrstsignal having an undesired amount of
adjacent channel energy; '
S means for generating a second signal corrspondmg to the undesired
amountofadjacentchannelenergy and '
means for subtracting said second s1gna1fromsa1dﬁrstslgnal to remove

saldundesxredamountofadjacentchannelenergy

16. An apparatus according to claim 15 wherein said first signal is a
constant-envelope signal.

17.  An apparatus according to claim 15 wherein said means for generating
said first signal includes a phase modulator for phase modulating a carrier frequency
signal. ' '

) O



“WD 96/ 08866

PCT/ US95/ 11754 -13-
« claim A nethod for producing anplified r
“comuni catwgm‘fn ng reduced adj acent channel energy,l’é"}[ﬂgigf‘?é?%4 d
conprising the steps of: generating a first signal
havi ng an undesi red anpunt of adjacent channel energy;, 5
generating a second signal corresponding to the undesired anount of
adj acent channel energy; and subtracting said second
signal fromsaid first signal to renove said undesi red anmount of
adj acent channel energy. 217- A net hod according to claim1l
wherein said first signal is a constant- . envel ope signal .

3. A met hod ad8ord|Am;appargnxa|accordungmdamnula wherpxmfsalgeplusatmory:latard
first Si %nﬁs |n des %‘o%u?atgpgu' atlﬂg a ca %ronflrxs?nuency naI

carrier freqnency signals.

19.  An apparatus according to claim 15 wherein said'means for generating
said first signal includes a modulator for modulating a signal with digital data.

20.  An apparatus according to claim 15 further comprising a Class-C power
amplifier for amplifying said first signal.

21.  Anapparatus accordmg to claxm 15 ﬁmhcr compnsmg a linear amplifier
for amphfymg said second sxgnal

2. An apparatus according to claim 15 wherein said means for subtraction
includes a directional coupler for combining said first and second signals in a
predetermined ratio.

23.  An spparaws for producing amplified communications signals with
reduced adJacent channel energy, said apparatus compnsmg
means for generating I, Q modulanon signals wherein a sum of the
squaresofinstantaneouslandQs:gnals:saconstant
5 , | a first quadrature modulator for applying sine and cosine carrier
| frequency signals to said I, Q signals to obtam a constant-envelope signal;
a power amplifier designed to yxeld high efficiency with constant-
envelope signals for amplifying said constant envelope signal;
|  ahigh-pass filter for high-pass filtering said I and Q signals;
10 a second quadrature modulator for applying sine and cosine carrier
frequency signals to said high-pass filtered signals to obtain an error signal;
a linear amplifier adapted to effectively amplify varying amplitude

signals f_or amplifying said error signal; and
AN AR W




4. A met hod according to claim3 wherein said phase nodul ating step
I ncl udes quadrature nndulatlon using sine and cosine carrier frequency
‘A nmethod according to clai m lpcpgde8ifysiai d

si gnal s.

step of &%Mgff‘ng sai d f| rst signal includes nodulating a signal with
di gital data. 6. A met hod according to claim1 further
conprising the step of arrpl I fying said first signal by a C ass-C power
anplifier. A met hod according to claim1 further
conprising the step of anpllfylng sai d second signal by a linear
amplifier. WO 96/ 08866 -18- '
PCT/ US95/ 11754 ' -14-
an adder for adding an output of said power amplifier to an output of
15  said linear amplifier in order to obtain a signal having reduced adjacent channei energy.

24. An apparatus according to claim 23, wherein said power amplifier is a
Class-C power amplifier.

25. A device according to claim 23 wherein said I, Q signals represent
digital data modulation signals. | -

26.  An apparaws for generating amplified, digital data modulated signals
exhibiting with adjacent channel energy, said apparatus compnsmg
means for generating I, Q signals representing dlgnal data modulation,
said signals having greater than desired adjacent ehannel energy;
afirstquadrauuemodulatorto which said I, Q signals are applied and

: operanngonsmeandcosmecamerfrequencysrgnalstoobtamaﬁrstsxgnal

10

. means for lngh-pass filtering said I, Q modulation signals to obtain high-
pass filtered I, Q signals; .
a second quadrature modulator to whrch said hlgh-pass filtered 1, Q
szgnals are apphed to obtain a second signal; and
anadderforaddmgsaxdﬁrstandsecond sxgnalstoobtamaslgnal
having reduced adjacent channel energy.

27. An apparatus for generanng amplified, digital data modulated signals
with reduced adjacent channel energy, said apparatus compnsmg |
means for generatmg I, Q signals correspondmg to a constant-envelope

digital data modulanon,
_ aﬁrstquadramremodulatortowhrchsaxdl Q51gnalsareapphedand

operatmg on sme and cosine carrier frequency slgnals to obtain a constant-envelope
signal;

| AR A
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5. A nmet hod according to claim 1 wherein said subtraction step includes
conbining in a directional coupler said first and second S|gnals in a

Ppredeter muyisokiossse . atio. 9. A et hod lihdeyi NY
comuni cations signals exhibiting reduced adj acent c anne ener gy,

said nethod conprising the steps of: generating I, Q
nodul ation signals wherein a sum of the squares of I nst ant aneous |

and Q signals is a constant; 5 applying said I, Q signals
to a quadrature nodul ator operating on sine - and cosine carrier

frequency signals to obtain a constant-egfy.el ope signal;
anplifying said constant envel ope si gnal u5| ng a povver anmplifier

"designed to yield hig Segcl
hi gh-pass filtering Sgl @‘Ivf'ér ngig Si gna and appl ygﬁg sal ygwgg% pagsss',anfo
filtered si gmelopet sigmaisforantpli rsaﬁwmmﬁnl@e sighalibt ai n an error

si gnal ; i fying, said error S|gnal using a linear
anpl i fil@r adapted to means f“éﬂﬂkﬁﬁs\f@mrﬁpﬂ ignalshg anpl i tude signal s;

gﬂ?put of said linear? m“%ﬁ@#ﬁh@@ow H e SIgﬂf&nng

reduced adj mmﬂ_w A net hod accordl ng
to claim9 wherein sal d I, hf?nal S represent digital data

modul ation signals. er adapted to varyipg ramplitede;signals: fomamplifying i ed,

digital datg naI S exhi biting reduced adj acent channel
ener gy, W g‘tﬁg‘oﬁﬂ‘?l sing the steps of:
gener ag§ ng I, Q nodul a4 addér fop AddingCRitpoot sdid powet ladiplidiet do oafull ofisdid! S

linear amplifier to obtain a signal having reduced adjacent channel energy.

)

28.  An apparatus according to claim 27 further comprising a memory for
retrievably storing precalculated I, Q signals as values numerically stored therein.

29.  An apparatus for generating amplified, digital data modulated signals
with reduced adjacent channel energy, said apparatus comprising:
a shift register of N stages to which digital data input signals are input;
a read only memory having address input lines to which are coupled to
5 N signals from said shift register corresponding to the last N data bits of said digital
data signals; | - '
a counter having digit lines to which are connected to address lines of
said read only memory;
means for incrementing said counter to obtain sequentially a number of
10 sets .of four output values from said read only memory;
| digital-to-analog convertor for converting said four output. values to
obtain a first I, Q signal and a second I, Q signal;
a first quadrature modulator to which said first I, Q signal is applied to
obtain a first signal of higher than desired adjacent channel energy;
15 a second quadrature moduiator to which said second I, Q signal is
applied to obtain a second signal; and

* [~ L M S *



havi ng greater than desired adjacent channel energy; 5

applying said I, Q signals to a quadrature nodul ator operating on sine
and cosi s frequency signals to obtain a first Siﬁﬂﬁ%ﬁ

hi gh- pasaﬁviﬂ§%r|ng said I, Qnodulation signals to obtain .g’?ﬁggé
filtered I, Q signals; WD 96/ 08866 -

PCT/ US95/ 11754 -15-
applying said high-pass filtered I, Qsignals to a second quadrature 10
nodul ator to obtain a second signal; and anplifying
and adding said first and second S|gna&g_to obtain a signal havi ng
reduced adj acent channel energy : 12 A net hod for
generati ng anpllfle . Bﬂh@
reduced adj acent channepagnergy, sal od conpr|S|nggPﬂé §§°§

gener at i ngatio t@mmrmklgnﬂmﬂmaddjmﬂ:@hmmyt envel ope digital data
nodul ati on;

T



5 applying said I, Qsignals to a quadrature nodul at or

operating on sine and cosine carrier frequency signals to obtain a
gonst ant - egykese S gnal ; anplifying sgj ' t
envel ope g?gnal using a power anplifier designed to y?g?@gﬁékw :
efficiency wth constant-envel ope signals; hi gh- pass

filtering said |, Q signals and applyind/ghe resulting high-pass 10
filtered signals to a second quadrature nodul ator to obtain an error

si gnal ; anplifying said error signal using a |inear
anplifier adapted to varying anplitude signals; and

addi ng output of said power anplifier to output of said |inear anplifier
to obtain a signal having reduced adj asgnt channel energy.

13. A nmet hod according to claim 12 further conprising the step of :
retrievably storing precalculated I, { gnal s as val ues nunerically stored
i n and retrieved froma Read OnlyJvenory. 14. A

nmet hod of generating anplified, digitaLLPata nodul ated signals to

provi de reduced adj acent channel energy,~said nmethod conprising the steps
of : feeding digital data signals through a shift

regi ster of—N_st ages. . caunl ng N gj gnal N f_rnm sai
shift regigter carresponding to thé= ata |bits of said digita
data signalls to address:input:ilines o ; i : J
Dy : - -
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aconnect i ngyogdeggss | 1 nes of said read only nmenory to the dipgiriusos/ffag of

a counter; incrementing said counter to obtain

sequentially a nunber of sets of four out put values fromsaid read

only nmenory; 10 digit£/5to-analog converting said four

out put values to obtain a first I, Q signal and a second I, Q signal

applying said first I, Qsignal to a first quadrature nodulator to obtain

a first signal of higher than desired adjacent channel energy,;

applying said second I, signal to a second quadrature nodul ator to 15

obtain a second signal; gnd adding said first signal to

sai d second signal in an joptimumratio to obtain a signal of reduced

adj acent channel energy. | 15. An apparatus for producing

anplified signals for co nicati ons having reduced adj acent channel

energy, said apparatus c rTSTTTg. reans for generating

a first signal having an jundesired anount of adj agent channel energy;

5 means [flor generating a second signal {corresponding to

t he undesired anount| of adj acent channel energy; 4nd

nmeans for suﬂc\pcting saild %?Oﬂd signal fromsaid first] signal to renove
N
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%ai d undesired anmount of adj acent channel energy. 16. An
apparatus according to claim 15 wherein said first signal is a

gonst ant - apyIkeRR(eSi gnal . 17. An appar at Upcffised
cl aim 15 wherein said nmeans for generating said first S|gna |ncludes
a phase nodul ator for phase nodul ating a carrier frequency si gnal
WO 96/ 08866 ' 3/5
PCT/ US95/ 11754 -17-
18. An appar at us accordi ng to§cla|n117 wherei n said phase nodul at or
i ncludes a quadrature nodul at or for guadr ature nDduIatlon usi ng sine and
cosi ne carrier frequency gignals.
I
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¥19. An apparatus according to claim 15 wherein said neans for generating
said first signal includes a nodulator for nodulating a signal wth digital
cdata. wo 9608866 20. . An apparatus according to cl ai mplyndsskiiivsk
conprising a O ass-C power anplifier for anplifying said first

si gnal . 21. An apparatus according to claim15 further
conprising a linear anplifier fogseanpl i fying said second signal.

22. An apparatus accordi,ng to claim15 wherein said neans for subtraction
includes a directional cqupler for conbining said first and second signals
in a pr edet er m ned lrati 0. 23. An apparatus for
produci ng anplified commnPcations signals with ' reduced adj acent
channel energy, said appdgratus conprising: nmeans for
generating |, Q nodul atidn signals wherein a sum of the squar es of

i nstantaneous | and Q7sidnal s s a constant; 5 ~a first
quadr at ure nodul at ol §or |appl yilng si ne _and cosine carrier frequency
signals to said |, @& gndls td obtain a constant-envel dpe signal; '
a power anplifier dqs§gnQd to Vield high efficiency with constant-

envel ope signals fon ®nplli[f yi nd sai d constant envel ope dignal;
a high-pass filteg%o® hijgh-pasls filtering said | and Qfsignals; 10
a second quadrature |r§dul at or_ flor applying sine and cosifne carrier

frequency signals tq &ai d lbidh-pass filtered signals to jobtain an error
si gnal ; &
’ '\ I
P S |
bbb =~ d

43
4

FlG 4

FILTER
)
6
FILTER
0
HIH PASS
FILTER
3
0

ot)| LOW PASS
g

It)

SUBSTITUTE SHEET (RULE 26)



‘a |inear amplifier adapted to effectively anplify'varying anpl i tude
signals for anplifying said error signal; and WO 96/ 08866

JPCT/ US95/ PCT/US9SN 734
an adder for adding an output of said power anplifier to an output of 15

said | i near anplifier

ener gy.

dat a nodul ati on signals.
generating anplified, digital

FIG 5

wherein said power anpllfleri

sa

in order to obtain a signal _
24. Anj#bparatus according

aqq C pover

havi ng reduced adj acent
o claim 23

arml wfior
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*exhibiting wth adj acent channel energy, said appar-at us eS| P
means -for generating |, Q signals representing digital JWU%iA‘I 1 754

.sai d signals having greater than desired adj acent chann
‘a first quadrature nodul ator to which said I, Q signal SWMﬁﬂgdmy 1996
operating on sine and cosine carrier frequency signals to obtain a first

si gnal ; means for high-pass filtering said I, Q

nodul ation signals to obtain high- pass filtered |, Q signals;

a second quadrature nodul ator to which said high-pass filtered I, Q 10
signals are applied to obtain a second s§-.gnal; and an

adder for adding said first and second signals to obtain a signal

havi ng reduced agj gﬁgﬂg@{, : tus
for generating gﬂrrp I gl taﬁﬂgg%e%c}hf gtr?es ntsllngﬁatﬂo’gmvolﬁg ﬁﬁﬁa{ogduced
adj acent clandrappamms rfgy amphf}dngtutgimhﬁm stgyatsr exhiibiging reduced adjacent channel
nmeans for generating, |, Q gnal s correspondi ng to a .constant-envel ope

digi tal daCBeSEYdRFlding, fecd slg dlgml data signals tbraush ﬁsﬁmﬁu@gﬁéﬁruﬁe%ﬂ#&t or

Egémgcgaf?b‘g?llqgfﬁqs?ﬁ@f’h rgn p@ﬁf@g@% gregpondﬁ envgf(aégsb&%?&g

96/ 08886 ital data signals to address input lines of a read only memory, connecting address
PCT/ US95/ 117% ga P y ~ g

lines of the read only memory to the digit lines of a counter, incrementing the counter

to obtain sequentially a number of sets of four output values from the read only
memory, digital-to-analog converting the four output values to obtain a first I, Q signal
and a second I, Q signal, applying the first I, Q signal to a first quadrature modulator '

10 to obtain a first signal of higher than desired adjacent channel energy, applying the
second I, Q signal to a second quadrature modulator to obtain a second signal, end
amplifying and adding the first signal to the second signal in an optimum ratio to obtain
a signal of reduced adjacent channel energy.

B DESC ON OF DRAWINGS
15 The ‘invention will now be described with reference to the accompanying
drawings in which: . .
Figure 1 is a graph of 2 ty'plcal spectrum of a radio signal with digital data in
a constant envelope;
' Figure 2 is a schematic of an adjacent channel energy canceling
20  circuit; :
~ Figure 3 is a schematic of a power amplification circuit for amplification of
non-constant envelope modulated signals, in accordance with the present invention;
Figure 4 is a schematic of a power amplification circuit including direct
generation of the difference signal by high pass filtering, in accordance with the present
25  invention; and ' |
Figure § is a schematic of an embodiment using a ROM modulator, in
accordance with the present invention.
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‘19- ' - a power anplifier designed to
effici'ency with constant- envel ope signals for anw gig I]_ ]_ 754

constant envel ope signal; 10 nmeans for
said I, Q signals; a second quadr a!Bm lﬁJﬂm@mB

whi ch said high-pass filtered signals to obtain an error signal;

a linear anplifier adapted to varying anplitude signals for anplifying
said error signal; and 15 an adder for addi ng output of
said power anplifier to output of said .7- linear anplifier to obtain a

signal having reduced adjacent channel energy. : 28. An
apparatus dccording to cl aiggpa SICEID ' Erenory for
' A [Ues nunerically st ored

EIN 1S

t herein. 29. Tor generating anplified,
digital data rm@gqusmmnmbaypmal sPevmtm dfewlmﬁd sfgﬂphnmdhlastd@hwml dxgmir ay,
sai d apparatus conpri si.ng a shi ft regLster

stages to WARGR aFepstant eﬁiﬂﬂ@?q fashiong F‘g’-‘rlilaﬁss%@e hﬁ%‘ﬂﬁd Yy an éfiiclent Class-C

ﬁl guegﬂ logl ¥?\g§qngxg¥[§ﬁ§¥l ?ﬂe?ﬂ%@?@?é C tr%@%gr |ngeto ?%nﬂ{g %%ﬁﬂkﬁl ts of

sai d di gi t ghergy, but 32§ tehddn@! "Hils” or "skirts” of ener, mcmngoufuéemexgﬂmmg
digit lines tOyWhI ch are connected to address Ilngeys of said rea onI y

menory;  channels. These cause theeundesired phenomesentafradiacgntichannel interferenen.ai n

zﬁﬂyeﬂ;hﬁ'r ,'sa DUTRST, o kit B8 Redl ih A spRbR thany A UESy fil SRRl p£a

bandwidth of the intended receiver. Therefore, if they could be omitted, the intended

10  receiver would not know the difference. Unintentional receivers tuned to the adjacent
radio channels would however benefit from the removal of this source of interference,
wh1ch is a main objective of the present invention.

The interference energy in the tails represents only a small fraction of the total

energy and could in principle be removed using a bandpass filter after the power

15  amplifier. Unfortunately, bandpass filters of narrow. bandwidth at a RF output
frequency are generally impracticable. On the other hand, a bandpass filter equivalent

can be formed at low power levels by generating the desired signal using a so-called
qtiadmture modulator. This quédra'mre modulator which can be constructed according

to U.S. Patent Application No. 07/967,027, naming the present inventor and B.

20  Ekelund, filed October 27, 1992, and its CIP application, U.S. Patent
No. 5,530,722, .
entitled "Quadrature Modulator with Integrated Distributed RC Filters” (Attorney
Docket No. 027540-287), decomposes the desired signal into a sine and cosine waves
of varying amplitudes, indicated by the waveforms I(t) and Q(t).

25 . It is well-known that low pass filtering the I and Q signals is equivalent to
bandpass ﬁlteﬁng the RF output signal, producing a contained spectrum with low tail
energy. However, a signal so-generated is not guaranteed to be a constant envelope
signal, wluch requires that I squared plus Q squared be a constant (I + Q* = C). A
signal not conforming to this would not be faithfully reproduced by a Class-C

30  amplifier.
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Ell gi t al - to4epi® og convertor for converting said-four out] u t

J(c)btai nafirst I, Qsignal and a second ‘I, :Q signal; . Wﬂg @5 711 254
first quadrature nodul ator to which said first I, Q si ' i

obtain a first signal of higher than desired adjacent mmgﬂbv&g%

a second quadrature nodul ator to which said second I, Qsignal is
applied to obtain a second signal; and WO 96/ 08866
PCT/ US95/ 11754 - 20-

an adder for adding said fi st si gnal 90 said second signal in an optium
ratio to obtain a signal of reduced adjacent channel energy.
device 24c associated with the CPFSK ROM modulator 22 is input to a Class-C power

amplifier 26, while the output of the summation device 25¢ associated with the adjacent -
channel canceler ROM modulator 23 is input to a linear power amplifier 27.
The Class-C power amplifier 26 has a relative power of P, equal to
5  approximately 3 watts, for example. The relative power output of the linear power
amplifier 27 is P, - A/2 dBw, for example, 30 milliwatts, wherein A is the number of
dB the adjacent channel energy is below P;. )

The output of the linear power amplifier 27 is then coupled to the output of the

Class-C power amplifier 26 by a coupler 28, having a relative transfer power ratio -
10 A/2 dB, for example, -20 dB. _

An alternative embodiment is depicted in Figure 3, wherein a constant
amplitude signal is initially generated from an input digital data stream or modulating
waveform using, e;g., an I, Q modulator 30, and amplifies the constant amplitude
signal with a Class-C power amplifier 31. The I, Q modulator may be configured as

15  disclosed in U.S. Patent application No. 07/967,027, naming the present inventor and
B. Ekelund, filed October 27, 1992, and its CIP application, U.S. Patent
No. 5,530,722, _
entitled "Quadrature Modulator with Integrated Distributed RC Filters”
(Attorney Docket No. 027540-287). Then, on a parallel line, a corresponding non-
20  constant amplitude signal is produced from the input data stream in a second I, Q
modulator 32 having the low energy spectral wils. The non-constant envelope
modulator separates out the specu-al tails from the rest of the input signal by means of
the ROM modulator 23 (Fig. 2) or by means of a low pass filter. The constant
envelope modulator 30 and the non-constant envelope mcdulator 32 are each supplied
25  a carrier frequency from a common source (not shown). The difference between the
spectrally contained signal from the I, Q modulator 32 and the constant envelope signal
from the power amplifier 31 is then formed in a signal subtractor 33.

The difference signal from the subtractor 33 is a non-constant amplitude signal

which is amplified using a linear power amplifier 34 The amplified diff:rence's_ignél
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