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W DEBAND VECTOR MODULATOR CROSS REFERENCE TO RELATED APPLI CATI ONS Ref er ence
is.made to U S. Patent No. 5,237,292 issued to Chethik, entitled
"Qiadrature Anplitude Mdul ati on System with Conpensation for Transni ssion
System Characteristics"; the contents of which are incorporated herein-by
reference. BACKGROUND The present invention relates to vector nodul ators,
and nore particularly, to w deband vectorlnndulators that use gallium
arsenide integrated circuits and that sumoutputs of a plurality of .
guadr at ur e- phase-shi ft-key (QPSK) nodul ator el enents that are each .
controlled-by two digital inputs and-a single |ocal o?ﬁ@,gqﬁ@mplacmmm
No. 5,237,292 issued to Chethik and assigned to the assignee of the present
i nvention discloses a quadrature anplitude nodul ati on system where the
present vector nodul ator may be enpl oyed. In the syst B#®esdri[34g6 n the
Chet hi k patent, digital signals are converted to phase and anpli't ude
altered, periodic, analog signals and that are coupled to an output Iink.
The systemis adaptive and includes a plurality of sinple quadrature phase
shift keying nodul ators, each nodul ator having a plurality of controlling
digital inputs, the state of which determ nes which of a plurality of phase
di spl aced signals will be output. A local oscillator provides a periodic
si nusoi dal signal to each QPSK nodul ator. Summi'ng circuits conbine the

out puts of the nodul ators to produce a constellation of phase and

anpl i tude-di spl aced out put sinusoidal signal:s. A processor/ mapper

conbi nati on enabl e conversion of a first set of 2 digital inputs to a
different set of digital outputs in accordance with a control input. Thus,
the processor enables the alteration of the constellation of outputs in
accordance wth a control input, which may be indicative of the condition
of ‘a transmission facility. The Chethik patent thus discloses a quadrature
anpl i tude nodul ation systemthat enpl oys quadrature-phase-shift-key vector
modul at ors. However, the Che or suggest the
use of GaAs m crowave nonol |m C mbm; @gégﬂgﬂ@ég@npl enent the
quadr at ur e- phase-shi ft-key nmodul ators. Qher” patent references generally

di scl ose vector nmodul ¥ROS m]j Y issued to
Bradl ey; U.S. Patent @. 484%2@7!;16{{E lﬁg?ﬁg? %EEA MLfbég?gﬁs

4,571,549 issued to Ldeferenceis madetasU. Svaﬂa@m NNOS 217 B%blsmﬂ tpgﬁﬁtﬂateanﬂed
Chmagari, U.S. Payandratife Athplifudle 3ddulfifon SYstem vwith'@omperBaticH for TRIMSmidsion -

Pat ent No. . . .
aren System Characteristics”, the contents of which are incorporated herein by reference.

BACKGROUND

The presént'invention relates to vector modulators, and more particularly, to
wideband vector modulators that use gallium arsenide integrated circuits and that sum
outputs of a plurality of quadrature-phase-shift-key (QPSK) modulator elements that
are each controlled by two digital i inputs and a single local oscﬂlator _

U.S. Patent No. 5,237,292 issued to Chethik and assigned to the assugnee of
the present invention discloses a quadrature amplitude modulation system where the
present vector modulator may be employed. In the system described in the Chethik
patent, dxgltal signals are converted to phase and amplitude altered, penodlc, analog
signals and that are coupled to an output link. The system is adaptive and includes a

 plurality of simple quadrature phase shift keying modulators, each modulator having a
plurality of controlling digital inputs, the state of which determines which of a plurality
of phase displaced signals will be output. A local oscillator provides a periodic

 sinusoidal signal to each QPSK modulator. Summing circuits combine the outputs of
the modulators to produce a constellation of phase and amplitude-displaced output
sinusoidal signals. A processor/mapper combination enable conversion of a first set of



4,999,590 issued to Verdot. It is therefore an objective of the present

I nvention to provide for a quadrature anplitude nodul ati on systemt hat

enpl oys gal | i um arseni de- based vector nodulators. It is a further objective
of the present invention to provide for wsdeband vector rmdul a_— tors that -
I's inplemented using gallium arsenide int egrat ed circuits. s yet
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plurality of QPSK nodul at or el enents and a power conbiner is used to
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In order to meet the above and other objectives, the present invention comprises
a wideband vector modulator implemented in gallium arsenide that sums a plurality of
quadrature-phase-shift-key (QPSK) modulator elements, that are each controlled by
two digital input signals and a single local oscillator. The QPSK modulator elements
are each formed as GaAs microwave monolithic int_cgréted circuits.

The wideband vector modulator comprises a local oscillator that provides a
periodic sinusoidal output signal, and a plurality of quadrature-phase-shift-key (QPSK)
modulator elements respectively coupled to the local oscillator for receiving the periodic
sinusoidal output signal therefrom and respectively coupled to receive first and second
controlling digital input signals applied thereto. The state of the respective digital input
signals determines which of four phase states are present at the output of the QPSK
modulator. A plurality of summing devices are coupled to outputs of selected
modulator elements, and a selected summing device provides an analog constellation
output signal of the vector modulator. A plurality of attenuators are coupled between
the selected modulator elements and between an output of the selected modulator
element and a selected summing device for amplitude weighting output signals from the



nodul ator el enents. A plurality of scaled attenuators are coupl ed between
the QPSK nodul ators and the power conbi ner for anplitude weighting the
output signals fromthe plurality of nodul ator el enments. The QPSK nodul at or
el enents are each conprised of a GaAs nicrowave nonolithic integrated
circuit. The GaAs nicrowave nonolithic inBegrated circuit conprises a
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be mo re In operation, digital signals are converted by the vector modulator to phase and

| amplitude shifted, periodic, analog signals and coupled to an output link. The

wideband vector modulator includes a plurality of gallium arsenide microwave
monolithic integrated circuit (GaAs MMIC) quadrature phase shift key (QPSK)
modulators. A local oscillator provides a periodic sinusoidal input to each QPSK
modulator. Each QPSK modulator has two controlling digital inputs, the state of which
determines which of four phase states are present at the output of the QPSK modulator.
The plurality of QPSK modulator outputs are then amplitude weighted and summed to
form the output of the wideband vector modulator. This output contains a constellation
of phase and amplitude displaced sinusoidal signals. There are two to the power of N
(2N) possible phase and amplitude combinations, where N is the number of digital
control inputs (two digital control inputs per QPSK modulator)..

- The present invention is manufactured such that amplitude/phase vectors are
generated directly at microwave frequencies with gigabit daﬁ rates. No upconversion
signal processing is required. The carrier frequency is at microwave frequency. The
input data rates are in the multi-gigabit range. Implementation of the wideband vector
modulator uses GaAs MMIC's to provide for wide bandwidth and small size.



readily understood with reference to the followi ng detailed description

taken in conjunction with the acconpanying draw ngs, wherein like reference
nuneral s designate |ike structural elenments; and in which: Fig 1 is a block
di agram of a first embodinent of a wi debahd vector nodul ator in accordance
with the principles of the present invention; Fig 2 is a block diagramof a
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rinciples of the pregsent ,inventiaon;, a I g. shows detajls of a _
hodul ator t hat may bﬁsm@gﬁefaﬂtmmd aniagrsiof the Rresenbinvertion maydesmere Fi gs.
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The state of t hwidbgnd wectonmpodulatorsrofiFigs; band22; D3, D4; D5, , D7, : ,
D10) -determ nes which of four phase states are present at the output of the

QPSK nodul ator 12. Qutputs of the quadrature-phase-shift-key (QPSK)
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di gi tal inputs Eash ofitbe plumlity ofgjuadiaturesphase-shift-key(QPSK) middealatdrSlements 12a-
'12e has two controlling digital input signals (D1, D2; D3, D4; DS, D6; D7, DS; D9,
D10) applied thereto. It is to be understood that the number or modulator elements 12a-
12e may be increased or decreased depending upon the requirements of a particular
application.
The state of the digital input signals (D1, D2; D3, D4; D5, D6; D7, DS8; D9,
D10) determines which of four phase states are present at the output of the QPSK
modulator 12. Outputs of the quadrature-phase-shift-key (QPSK) modulator element
12a-12d, excluding the last quadrature-phase-shift-key (QPSK) modulator element 12¢
~ are coupled to inputs of a respective plurality of summing devices 13a-13d. A plurality
of attenuators 14a-14d (-6 dB, for example) are respectively coupled between each of
the respective summing devices 13a-13d and between an output of the last modulator
element 12¢ and the last summing device 13d. The output of the first summing device
13a provides an analog constellation output signal that is coupled to an output link 15.
. The wideband vector modulator 12 is adapted to sum the outputs of the plurality
of quadrature-phase-shift-key (QPSK) modulator elements 12a-12e, under control of
their two respective digital inputs (D) and the single local oscillator 15. The QPSK _



5 nodul at or el ements 12a-12e are conprised of a GaAs m crowave nonolithic
integrated circuit, the details of which are shown and described with
reference to Fig. 3 below. In operation, the digital input signals (D1, D2;
D3, D4; Do, D6; D7, D8; D9, D10) are converted by the w deband vector

nmodul ator 12 to phase and anplitude shiftad, periodic, analog signals (the
anal og constellation output signal) and coupled to the output link 15. The
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local oscillator /A plurality of outputs of the power divider 16 are individually
coupled to respéctive QPSK modulator elements 12a-12e. One of the QPSK modulator
elements 12a is directly coupled to a power combiner 17 while the remaining QPSK
modulator element 12b-12¢ are coupled through attenuators 14b-14e to the power
combiner 17. The power combiner combines the respective signals derived from the
plurality of QPSK modulator elements 12a-12e to provide a modulated spectrum output

+  signal. In essence, the power combiner 17 replaces the plurality of summing devices
13a-13d in the first embodiment of the wideband vector modulator 12. The output of
the power combiner 17 is the modulated spectrum output signal that comprises the
analog constellation output signal that is coupled to the output link 17.

Fig. 3 shows details of a typical QPSK modulator element 12a that may be
employed with the wideband vector modulators 12, 12' of Figs. 1 and 2. The QPSK
modulator elements 12a-12e are each comprised of a GaAs microwave monolithic
integrated circuit, as is shown in Fig. 3. The QPSK modulator element 12a is
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el ements; wherein the w deband vector nodul ator suns the m”m
pl urallty of quadr at What jstclaimedsisi § t - key (QPSK) nodul ator el emenfs

control of their two respective digital input signals (D) and the Iocal
oscillator to convert the digital input signals (D) into phase and

anpl i tude shifted, ptrAosideband vattoymedulatar scompnising:si ng t he anal og

constel |l ati on out put_ gi . . W deband vector
nodul ator of Claim 1"m!“rﬂ'g{%@‘g&@%&f%ﬁ%Sﬁ%ﬂ%ﬁ?@'ﬂ?@%ach conpri sed
of a GaAs mi crowave aplundlity of qnadmm'g-rphaseeshlft-kMQPSIGmcﬂnlnm«hhmm vect or

T cr owave ﬁinﬁﬁkﬁ%ﬁ?@‘%eﬁ@u% o foptechiy Q“%‘é&ﬁ‘“@%’ et

first and seconﬂm an respectivaly tomnye second,gontoll rdlgltal
respectively r ﬁmh ﬁgggﬁ

derived from tﬁiei:l OSCI dét?l rst _an second cfﬂy I |?| ers ?“(;r
respectively rec#gh HWEN “}'l‘ﬁ yr phase %%WMN@FQWP@&@QPSK de

anplified I andmamgba | nput signals; first and second m xers respectively
coupl ed to outputs of flfgﬁut and second |2£ut ar:ipl |f|ers and he first
and. second dat a arrpl?'P ity ol summing deyices,coupl ts of sglected | | at or

signals wth tMe:helﬁfl(in@wimaﬁk&ed%umhgdeﬁ&b@wﬂemmwé%hﬁ&ldﬁ@ﬂp' ed

to respective out e 1M Xers erating a nodul at’ed out put
si gnal of the n‘dﬁﬁf% (P)f"ér[ or modu for ahd C L 4. A wideband

vect or :jmdul at or conmpmmm;gofaaeﬁumkcmdﬂemm thd”ﬁtlect&dﬁlbdﬁ%or&lml ;tjs;xidc ]
si nusoi dal out ut. 1s_cou to the
ocal osei 11 at cyerusr i Sutmyf of B Sl slipiaP i3 n Kitkred S dBtict for
tquasl[] at ulr e- plhatsxnpl?udetwugbnrtg@nmﬁ) sigoais fratncthe plueatity ofSQPSK modul avaricjententsy | eg_
to the plurality o HénPH i odic
si nusoi dal -out put si.gnha g@er‘lg\’ie r Omiﬁ?MP%%%?G%%%@Q}%&&?@%@B&@FP&
respectivel y reqredmure-phasesshifirieey €CQRSIOMmesdmiatorsiements widgt coritrol aftheirsvgnal s
(D) applied thegggeriverfigital input signals (D) and the local oscillator to convert the digital input
- - signals (D) into phase and amplitude shifted, periodic, analog signals comprising the
analog constellation output signal of the vector modulator.

2. The wideband vector modulator of Claim 1 wherein the QPSK modulator
elements are each comprised of a GaAs microwave monolithic integrated circuit.

3. The wideband vector modulator of Claim 1 wherein each QPSK modulator
element comprises a GaAs microwave monolithic integrated circuit comprising:

a 90° coupler;

first and second input amplifiers coupled to the 90° coupler for respectively
receiving and amplifying the periodic sinusoidal signal derived from the local oscillator;

_ first and second data amplifiers for respectively receiving and amplifying I and

Q data input signals to provide amplified I and Q data input signals;

first and second mixers respectively coupled to outputs of the first and second
input amplifiers and the first and second data amplifiers for multiplying the amplified

&t local oscillator signals with the I and Q data input signals; and

a summing device coupled to respective outputs of the mixers for generating a

modulated output signal of the modulator element.



wherein the state of the respective digital input sigﬂMMjﬁ_rn;f
whi ch of four phase states are present -at the output of the QPSK nodu

a plurality of attenuators coupled to the outputs of. rmm,m"ﬁ"mﬂuﬁr

nodul ator el enents-for anplitude weighti n% out put sig fm
plurality of QPSK nodul ator el enents; and®a power conbi nef coupled to

out puts of the QPSK nodul ator el enents, for conbining the respective output

signal derived theref4omw1aastnd/lvectbrmodma:deeompﬁsingul ated spectrum out put
signal of the vector | a \/\/rx}@a n %’%@@ : . hodul at or
sunms the outputs of t% @?'Pf@’ g?ro 3?'{?:&20 ﬁ;}ﬁ,ﬁ@%@& ( QPSK)
nmodul at or el errents ungipowerativider| having ah driput iswoupled mcthe local astiliiaton end aplurality D)
and the | ocal oscl IIator to convert the digital input signals (D) into

phase and anpl i t QORS¢ e, peri odi c, anal og signals conprising the anal og
constel [ ation output & mmityoﬂ‘ daﬂﬂmr&phm—shﬁdldye(QﬂSK)&mdﬁImmldwmd vect or

of 8 Gas i cr o EFRECHURE to%(ﬁm&‘)oﬂ‘*aﬁw&ﬂf% O RRie sl

“modul ator of C apmoﬂlwmseﬂdmmhs@ﬁﬂmm&ebcdmﬂammm’mm%

Tirst ana secondeCrging A .er‘ib%@d"gf"éé‘ﬁﬁmﬁ’“*‘%m@s@?[‘?éﬁp ‘et

‘respectively recwhumghastae irespeetiyedigitahinppbsignals(D) detsrmines S’h&h&’f our

(rjgg:o\éggl I/(ralo;n H;g%l VI ng aﬁlg thefdu ﬁthd data | nm’.a ampl e forw de
anpl : fhe? I a’?dué? dat %ﬂ;m n&‘@ﬂ%ﬁ‘@“”‘iﬂl to ?&jﬁ?&&% "
couplea to outp ts vﬁ'%h ﬁﬁﬂﬂld ulify sFQPSK fodula

mul tiplyi ng t anplified Iocal oscillator

and second data q&gﬁnfﬂl ers for
signals with the® Wdat a i nput signals; and a summ ng devi ce coupl ed
to respective outputsa p&wéﬂb@mﬁneebéuﬁlﬁtogﬁmﬂﬂmasmmmlthfm
signal of the mgo%ﬁt in rg theeI r%gp%%ve output signal derived therefrom, and which pmwdes a
modulated spectrum output signal of the vector modulator; and
wherein the wideband vector modulator sums the outputs of the plurality of
quadraiure—phase-shift-kéy (QPSK) modulator elements under control of their two
respective digital inputs (D) and the local oscillator to convert the digital input signals
(D) into phase and amplitude shifted, periodic, analog signals comprising the analog
constellation output signal of the vector modulator.

5. The wideband vector modulator of Claim 4 wherein the QPSK modulator
elements are each comprised of a GaAs microwave monolithic integrated circuit.

6. The wideband vector modulator of Claim 1 wherein each QPSK modulator
element comprises a GaAs microwave monolithic integrated circuit comprising:

a 90° coupler;

first and second input amplifiers coupled to the 90° coupler for respectively
receiving and amplifying the periodic sinusoidal signal derived from the local oscillator;

first and second data amplifiers for respectively receiving and amplifying I and
Q data input signals to provide amplified I and Q data input signals;

first and second mixers respectively coupled to outputs of the first and second
input amplifiers and the first and second data amplifiers for multiplying the amplified
local oscillator signals with the I and Q data input signals; and

a summing device coupled to respective outputs of the mixers for generating a
modaulfated output signal of the modulator element.



