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. WIDEBAND VECTOR MODULATOR 

· CROSS REFERENCE TO RELATED APPLICATIONS 

Reference is made to U.S. Patent No. 5,237,292 issued to Chethik, entitled 

"Quadrature Amplitude Modulation System with Compensation for Transmission 

System Characteristics", the contents of which are incorporated herein by reference. 

BACKGROUND 

The present 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 conttolled by two digital inputs and a single local oscillator. 

U.S. Patent No. 5,237 ,292 issued to Chethik and assigned to the a..;signee 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, digital signals are convened to phase and amplitude altered, periodic, 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 

o~ 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 
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digital inputs to a different ~et of digital outputs in accordance with a control input. 
Thus, the processor enables the alteration of the constellation of outputs in accordance 
with a control input, which may be indicative of the condition of a transmission facility. 

The Chethik patent thus discloses a quadrature amplitude modulation system 
that employs quadrature-phase-shift-key vector modulators. However, the Chethik 
patent does not disclose or suggest the use of GaAs microwave monolithic integrated 
circuits to implement the quadrature-phase-shift-key modulators. 

Other patent references generally disclose vector modulators, and include U.S. 
Patent No. 4,168,397 issued to Bradley, U.S. Patent No.-4,464,767 issued to Bremer, 
U.S. Patent No. 4,571,549 issued to Lods et al., U.S. Patent No. 4,930,141 issued to 
Ohmagari, U.S. Patent No. 4,843,351 issued to Edwards et al., and U.S. Patent No. 
4,999,S90 issued to VerdoL 

It is therefore an objective of the present invention to provide for a quadrature 
amplitude modulation system that employs gallium-arsenide-based vector modulators. 
It is a further objective of the present invention to provide for wideband vector modula­
tors that is implemented using gallium arsenide integrated circuits. It is yet another 
objective of the present invention to provide for a wideband galli~ arsenide vector 
modulator wherein outputs of a plurality of quadrature-phase-shift-key modulator 
elements are each controlled by two digital inputs and a single local oscillator. 

SUMMARY OF THE INVENTION 
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 controJled by 
two digital input signals and a single local oscillator. The QPSK modulator elements 
are each fanned as GaAs microwave monolithic integrated 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 ~utput 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 pha.~ states are present at the output of the QPSK 
modulator. A plurality of summing devices are coupl~ to outputs of selected 
~ulator elements, and a selected summing device provides an analog consteJlation 
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 deyice for amplitude weighting output signals from the 
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plurality of modulator elements. The wideband vector modulator sums the outputs of 
the plurality of modulator elements under control of their two respective digital input 
signals and the local o.~illator to convert the digital· input signals into phase and 
ampliblde shifted, periodic, analog signals comprising the analog constellation output 
signal of the vector modulator. In a second embodiment, a power divider is coupled 
between the local oscillator and the plurality of QPSK modulator elements and a power 
combiner is used to combine the summed output signals derived from the QPSK 
modulator elements. A plurality of scaled attenuators are coupled between the QPSK 
modulators and the power combiner for amplitude weighting the output signals from 
the plurality of modulator elements. 

The QPSK modulator elements are each comprised of a GaAs microwave 
monolithic integrated circuit. The GaAs microwave monolithic integrated circuit 
comprises a 900 coupler followed by first and second input amplifiers for respectively 
receiving and a~plifying the periodic sinusoidal signal derived from the local oscillator, 
and 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. A sununing device is coupled to respective outputs 
of the mixers for generating a modulated output signal oft~ modulator element 

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 integra~ 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, th_e 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 
fonn the output of the wideband vector modulator. This output contains a consteUation 
of phase an~ 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 . 
g~erated directly at microwave. frequencies with gigabit data 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 MMICs to provide for wide bandwidth and small size. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The various features and advantages of the present invention may be more 

readily understood with reference to the following detailed description taken in 
conjunction with the accompanying.drawings, wherein like reference numerals 
designate like structural elements, and in which:· 

Fig 1 is a block diagram of a first embodiment of a wideband vector modulator 
in accordance with the principles of the .present invention; 

Fig 2 is a block diagram of a second embodiment of a wideband vector 
modulator in accordance with the principles of the present· invention; and 

Fig. 3 shows details of a QPSK modulator that may be employed with the 
wideband vector modulators of Figs. 1 and 2. 

DETAILED DESCRIPTION 
Refening to the drawing figures, Fig 1 is a block diagram of a first embodiment 

of a quadrature amplitude modulation system 10 employing a wideband vector 
modulator 12 in accordance with the principles of the present invention. The wideband 
vector modulator 12 is comprised of a local oscillator 11 that is coupled to a plurality of 
quadrature-phase-shift-key (QPSK) modulator elements 12a-12e. The local oscillator 
11 provides a periodic sinusoidal input to each QPSK modulator element 12a-12e. 
Each of the plurality of quadrature-phase-shift-key (QPSK) modulator elements l2a-
· 12e has two controlling digital input signals (Dl, 02; D3, 04; 05, 06; 07, 08; 09, 
DlO) 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 panicular 
application. 

The state of the digital input signals (D l, 02; 03, 04; 05, D6; 07, 08; D9, 
DlO) 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 12e 

· are coupled to inputs of a respective plurality of summing devices 13a-13d. A plurality 
of attenuat0!5 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 12e 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 IS. 

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 lS. The QPSK 
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modulator elements l 2a-12e are comprised of a GaAs microwave monolithic integrated 

circuit. the details of which are shown and described with reference to Fig. 3 below. 

In operation, the digital input signals (DI. D2; D3. D4; D5. D6; D7, DB; D9, 

D 10) are converted by the wideband vector modulator 12 to phase and amplitude 

shifted, periodic, analog signals (the analog constellation output signal) and coupled to 

the output link 15. The wideband vector modulator 12 uses a pl~ity of gallium 

arsenide microwave monolithic integrated circuit (GaAs MMIC) devices as the 

quadrature phase shift key (QPSK) modulator elements 12a-12e. The local oscillator 

11 provides a periodic sinusoidal input to each QPSK modulator elements 12a-12e. 

Each QPSK modulator elements 12a-12e has two controlling digital inputs (01, D2; 

D3, D4; D5, D6; D7, OB; 09, 010), the state of which determines which of four phase 

states are present at the output of the QPSK modulator 12. The outputs of the plurality 

of QPSK modulator elements 12a-12e are then amplitude weighted by the attenuators 

14a-14d and summed in the summing devices 13a-13d to form the analog output signal 

of the wideband vector modulator 12. This analog output signal 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 input signals cd1, D2; D3, 04; DS, D6; 07, DB; D9, DlO), wherein two 

digital.control inputs are used perQPSK modulator element 12a-12e. 

Fig 2 is a block diagram of a second embodiment of a quadrature amplitude 

modulation system lOa employing a wideband vector modulator 12' in accordance with 

the principles of the present invention. In this second embodiment, the wideband 

vector modulator 12' is comprised of a power divider 16 whose input is coupled to the 

local oscillator ~ plurality of outputs of the power divider 16 are individually 
coupled to _respective QPSK modulator elements 12a-12e. One of the QPSK modulator 
elements 12a is directly coupled to a power combiner 17 while the remaining QPSK 

mod~lator element 12b-12e are coupled through attenuators 14b-14e to the power 

combiner 17. The power combiner combines the respective signals derived from the 

plmality of QPSK modulator elements 12a-12e to provide a modulated spectrum output 

signal. ·In ~ce, 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 



6 

comprised of a 90° coupler .21 followed by first and second input amplifiers 22 that 

receive and amplify the periodic sinusoidal signal derived from the local oscillator 11. · 

Outputs of each of the amplifiers 22 are coupled to first inputs of respective mixers 24. 

I and Q data input signals are amplified by respective second amplifiers 23 and applied 

to second inputs of the respective mixers 24. The mixers 24 multiply the amplified 

local oscillator signals with the I and Q data input signals. Respective outputs of the 

mixers 24 are applied to a summing device 25 which provides a modulated output 

signal for the modulator element 12a. 

Thus there has been described new and improved wideband vector modulators 

that use gallium arsenide integrated circuits, and that sum outputs of a plurality of 

quadrature-phase-shift-key modulator elements that are each controlled by two digital 

inputs and a single local oscillator. It is to be understood that the above-described 

embodiments are merely illustrative of some of the many specific embodiments w'hich 

tepresent applications of the principles of the present invention. Oearly, numerous and 

other anangenients can be readily devised by those skilled in the art without d~g 

from the scope of the invention. 
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What is claimed is: . 

1. A wideband vector modulator comprising: 

a local oscillator that pi:ovides a periodic sinusoidal output signal; 
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 (D) applied thereto, and wherein the state of the respective digital input 
signals (D) detennines which of four phase states are present at the output of the QPSK 
modulator; 

a plmality of summing devices coupled to outputs of selected modulator 
elements, and wherein a selected summing device provides an analog constellation 
output signal of the vector modulator; and. 

a plurality of attenuators coupled between the selected modulator elements and 
between an output of the selected modulator element and a selected sunming device for 
amplitude weighting output signals from the plurality of QPSK modulator elements; . 

wherein the wideband vector modulator sums the outputs of the plurality of 
quadrature-phase-shift-key (QPSK) modulator elements under control of their two 
respective digital 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 Oaim 1 wherein the QPSK modulator 
elements are each comprised of a GaAs microwave monolithic integrated circuit 

3. The wideband vector modulator of Cairn 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 900 coupler for respectively 
receiving ~d 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. 



. . 

"· 

8 
I If lllll llllll lllll 11111 ti 1111 

C L M S * 

4. A wideband vector modulator comprising: 

a local oscillator that provides a periodic sinusoidal output signal; 

a power divider having an input is coupled to the local oscillator and a plurality 

of outputs; 

a plurality of quadrature-phase-shift-key (QPSK) modulator elements 

respectively coupled to the plurality of outputs of the power divider for receiving the 

periodic sinusoidal output signal derived from the local oscillator, and for respectively 

receiving first and second controlling digital input signals (D) applied thereto, and 

wherein the state of the respective digital input signals (D) determines which of four 

phase states are present at the output of the QPSK modulator; 

a plurality of attenuators coupled to the outputs of the selected QPSK modulator 

elements for amplitude weighting output signals from the plurality of QPSK modulator 

elements; and 
a power combiner coupled to.outputs of the QPSK modulator elements, for 

combining the respective output signal derived therefrom, and which provides a 

modulated spectrum output signal of the vector modulator; and 

wherein the wideband vector modulator sums the outputs of the plurality of 

quadrature-phase-shift-key (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 ciicuit. 

6. The wideband vector modulator of Claim 1 wherein each QPSK m(Jdulator 

element comprises a OaAs microwave monolithic integrated circuit comprising: 

a 9<>° coupler; 
first and second input amplifiers coupled to the 900 coupler for respectively 

receiving ~d 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 ~utputs of the mixers for generating a 

modulated output signal of the modulator element 


