1 3 APR 2004 1 W DEBAND VECTOR MODULATOR CROSS REFERENCE TO RELATE&)

APPLI CATIONS Reference is made to U.S. Patent No. 5,237,292 issuéed AR@ 2004
Chethik, entitled " Quadrature Anplitude Mdul ati on Systemw th
Conmpensation for Transm ssion System Characteristics”, the contents of

whi ch are incorporated herein by reference. 5 BACKGROUND The present
invention relates to vector nodulatoys, and nore particularly, to w deband
vect or nodul ators that use galliumarsenide integrated circuits and that
sum outputs of a plurality of quadrature-phase-shift-key (QPSK) nodul ator
el ements that 10 are each controlled by two digital inputs and a single

| ocal oscillator. U S Patent No. 5,237,292 issued to Chethik and assi gned
to the assignee of the present invention discloses a quadrature anplitude
nodul ati on system where the present vector nodul ator nmay be enployed. In
the system described in the Chethik patent, digital signals are converted
to phase and anplitude altered, periodic, analog 15 signals and that are
coupled to an output |link. 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 displaced signals will be output. A |ocal
oscillator provides a periodic sinusoidal signal to each QPSK nodul at or
Summi ng circuits conbine the outputs of 20 the nodulators to produce a
constell ati on of phase and anplitude-displ aced out put sinusoidal signals.
A processor/ mapper conbi nati on enabl e conversion of a first set of 1 3 APR
2004 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
i ndicative of the condition of a transmssion facility. The Chethi k patent
t hus di scl oses a quadrature anplitude nodul ati on system that enploys

guadr at ur e- phase-shi ft-key vector nodul ators. However, the Chethi k patent
does not disclose or suggest the use of GaAs mi cro nmonol i thic
integrated circuits to i wWiIDEBRAND NEGLOK Mgﬂaulpmx&shi ft-key

nodul ators. Ot her patent references generally disclose vector nodul ators,

and include U S. Patent No. 4,168, 397 issue Pat ent No.
4,464,767 issued tQIIEOSS’EREFERSN%ﬂ&tR%A%Zé]g%ggge¥g§?e to L_o]dg et
al.. US Patent [\kﬁefélr’cggeoi’slrﬁla]dc'té $HEPhdh No. 5,237,292 issued to Chethik, entitle

"Quadrature Amplitude Modulation System with Compensation for Transmission

i 1 i nce.
System Characteristics”, the contents of which are incorporated herein by refere

BACKGROUND

The present invention relates to vecior modulators, and more particularly, to

. s o o
wideband vector modulators that use gallium arsenide integrated circuits and that s

outputs of a plurality of quadrature-phasc-shift-key (QPSK) modulator elements that

10  are each controlled by two digital inputs and a single Jocal oscillator. |
U.S. Patent No. 5,237,292 issued 10 Chethik and assigned to the assignee of
the present invention discloses a quadrature amplitude modulation sysiem where ﬂvme
present vector modulator may be employed. In the system described 1n- thl? Chethik
ed to phase and amplitude altered, periodic, analog

patent, digital signals are convert : ' om0
15  signals and that are coupled to an output link. The system is adaptive and incly c;s
odulators, each modulator having a

1 1 hase shift keying m
plurality of simple quadrature p . : ' ‘
plurality of controlling digital inputs, the state of which determines which ?f a.p!urahty
of phase displaced signals will be output. A Jocal osciliator provides a periodic
si'nusoidal signal to each QPSK modulator. Summing circuits combine the outputs of

20  the modulators to produce a constellation of phase and amplitude-displaced
e conversion of a first set of

output

sinusoidal signals. A processor/mapper combination enabl
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In or
a wideband vector modulator implemented in gallium arsenide that sums a plurality of

odulator elements, that are each controlied by

quadraturc-phase-shifl-kcy (QPSK)m
1ator. The QPSK modulator elements

wo digital input signals and a single local oscil
are each formed as GaAs microwave monolithic integrated circ
The wideband vector modulator comprises a Jocal oscillator that provides 2
output signal, and 2 plurality of quadraturc-phase~shif1-kcy {QPSK)
r receiving the periodic

uits.

periodic sinusoidal

modulator elements respectively coupled 1o the Jocal oscillator fo
ectively coupled to receive first and second

sinusoidal output signal therefrom and Tesp
The state of the respective digital input

controlling digital input signals applied thereto.
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

d summing device provides an analog constellation

m_odulator elements, and a selecte
tween

al of the vector modulator. A plurality of attenuators are coupled be

output sign
e selected modulator

the selected modulator elements and between an output of th

element and a selected summing device for amplitude weighting output signals from the
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mmixers are respectively coupled 10 outputs © 5t and second input amplifiers and
the amplified Jocal oscillator signals

the first and second data amplifiers for multiplying

with the I and Q data input signals. A summing device is coupled to Tespective outputs
of the mixers for generating a modulated output signal of the modulator element.

In operation, digital signals are converted by the vector modulator 10 phase and
amplitude shifted, periodic, analog signals and coupled to an output link. The

wideband vector modulator includes a plurality of galliom arsenide microwave
MIC) quadrature phaSe shift key (QPSK)

s a periodic sinusoidal input 10 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 10

f the wideband vector modulator. This output contains a constellaton
als. There are two to the power of N

where N is the number of digital

monolithic integrated circuit (GaAs M
modulators. A local oscillator provide

form the output ©
of phase and amplitude displaced sinusoidal Sign
(2N} possible phase and amplitude combinations,
control inputs {(two digital control inputs per QPSK modulator).

The present invention is manufactured such that amplitude/phase vectors are

microwave frequencies with gigabit data rates. No upconversion
d. The carrier frequency is at microwave frequency. The
Implementation of the wideband vector

generated directly at
signal processing is require
input data rates are in the multi-gigabit range.
modulator uses GaAs MMIC's 10 provide for wide bandwidth and small size.
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e number or modulator elements 12a-

D10) applied thereto. Itis 1o be understood that th

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, D8; D9,

D10) determines which of four phase states are present at the output of ﬂlm QP?:mm
modulator 12. Outputs of the quadraturc-phase-shifl—kcy (QPSK) modu aloz e -
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are coupled 10 inputs of a respective plurality of summing devices 132-13d. Ap y

of attenuators 14a-14d (-6 dB, for example) are respectively coupled between each of

the Tespective summing devices 13a-13d and between an output of the last modulator

element 12e and the last summing device 1

1 1 tsignalt
13a provides an analog constellation outpu 7 |
' The wideband vector modulator 12 is adapted to sum the Outputs of the plurahty

‘ i 12a-12¢, under control of
-vhase-shifti-key (QPSK) modulator elements ,
. local oscillator 15. The QPSK

1d. The output of the first summing device
hat is coupled to an outpul link 15.

their two respective digital inputs (D) and the single
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plurality of quadrature-phase-shift-key (QPSK) nodul ator el enents 12a-12e,
under control of their two respective digital inputs (D) and §H#&R3Mkgl e

| ocal oscillator 15. The QPSK I 3 APR 2004 5 nodul ator el enents 12a-12e are
conprised of a GaAs m crowave nonolithic integrated <circuit, the details
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. o< the
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analog constellation output signal that is coupled to the output Jink 17.
Fig. 3 shows details of a typical QPSK modulator elerment 12a that may be
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integrat
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_ 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 respecnvely coupled to outputs of the first and second’ input
-amplifiers 2nd the first and second data amplifiers for multiplying the amplified local
oscillator signals with the 1 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.






