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PULSE TRANSMITTERS HAVING
MULTIPLE OUTPUTS IN PHASE
RELATIONSHIP AND METHODS OF
OPERATION

a Mode S format. The method includes in any practical

order: (a) providing an output signal for a ?rst period of time
according to a Mode S format; (b) during a second period of
time included in the ?rst period of time, detecting a ?rst
phase of the output signal; and (c) adjusting a circuit of the

transmitter that provided the output signal, adjusting in

FIELD OF THE INVENTION

accordance With the detected ?rst phase to subsequently
provide the output signal With a second phase different from
the ?rst phase.
A method, according to various aspects of the present
invention, is performed by a transmitter for transmitting in

Embodiments of the present invention relate to transmit

ters that provide output signals in a suitable phase relation

ship.
BACKGROUND OF THE INVENTION

a Mode S format. The method includes in any practical

order: (a) providing a plurality of output signals for a ?rst
period of time according to a Mode S format; (b) during a
second period of time included in the ?rst period of time,
detecting a respective ?rst phase of each output signal of the
plurality; and (c) adjusting a circuit of the transmitter that

Avionic antennas With multiple radiating elements may be
used to transmit an omnidirectional pattern or a directional

pattern. The accuracy of the pattern may depend upon the
accuracy of the phases of the signals driving the antenna.
Conventional relatively high poWer avionic transmitters

provided a particular output signal of the plurality, adjusting

provide multiple output signals for driving an antenna
having a plurality of elements. Such transmitters may
include a plurality of similar circuits, each circuit driven

in accordance With the detected ?rst phase of each of tWo
20

from a common source and providing one of the output

output signals of the plurality to subsequently provide the
particular output signal With a second respective phase
different from the ?rst respective phase.

signals. A typical circuit may include a poWer ampli?er
folloWed by a phase shifter to set a desired output phase and

compensate for phase differences introduced by different
poWer ampli?ers. The phase shifter necessarily operates at
the relatively high poWer of the output signal. Such phase

BRIEF DESCRIPTION OF THE DRAWING
25

Embodiments of the present invention Will noW be further
described With reference to the draWing, Wherein like des

ignations denote like elements, and:

shifters are expensive and bulky. They consume poWer and
consequently contribute adversely to the thermal character
istics of an enclosed transmitter.

FIG. 1 is a functional block diagram of an avionics
30

Another conventional avionic antenna has ?xed phase
shift circuits integral to the antenna assembly to facilitate

tion;
FIG. 2 is a functional block diagram of the transmitter of
FIG. 1;

transmitting one of a set of directional patterns. To use this
antenna to transmit omnidirectionally Will require an accu

rate phase relationship among transmitter output signals

35

coupled to the ports of such an antenna.

not be made in avionic transmitters such as reducing the

siZe, reducing poWer consumption, and improving phase
40

tional uses of an antenna used With the transmitter. Improved
patterns are desired for improved communication such as is
used for aircraft collision avoidance. Without the present

invention, improved aircraft collision avoidance cannot be
achieved. Consequently, the risk of loss of life and property

FIG. 3 is a functional block diagram of channel circuits of
the transmitter of FIG. 2;
FIG. 4 is a functional block diagram of a portion of a

Without the present invention, further improvements can

accuracy of output signals. Improved phase accuracy con
tributes to improved patterns for directional and omnidirec

system, according to various aspects of the present inven

channel circuit of FIG. 3;
FIG. 5 is a timing diagram of a signal transmitted by the
transmitter of FIG. 1; and
FIG. 6 is a timing diagram of another signal transmitted
by the transmitter of FIG. 1.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

45

A transmitter may be coupled to an antenna for directional

and omnidirectional transmitting for communication, ?ight

cannot be reduced.

safety, and assuring the success of a mission. Communica
SUMMARY OF THE INVENTION

tion may include transmitting pulses of radio frequency
50

A transmitter, according to various aspects of the present
invention, provides a plurality of output signals. The trans

lation (e.g., on-olf keyed, pulse position modulation, phase

mitter includes a processor, a signal generator, a ?rst circuit,
and a second circuit. The signal generator provides a gen

erated signal having an amplitude modulated radio fre
quency for transmitting a pulse. The ?rst circuit provides a
?rst output signal, responsive to and With higher poWer than
the generated signal. The ?rst output signal has a ?rst phase

shift keyed). Transmitted signals may conform to one or
55

during transmitting of the pulse. The second circuit provides
a second output signal, responsive to and With higher poWer
than the generated signal. The second output signal has a

energy (e.g., a train of individual pulses) Where each pulse
includes several periods of a radio frequency signal. Com
munication may include transmitting data in a keyed modu

60

more protocols including protocols used With conventional
Air Traf?c Control Radar Beacon Systems, conventional
transponders (e.g., Identi?cation Friend or Foe, Mode A,
Mode C, Mode S, Mode 5), Traf?c Alert and Collision
Avoidance Systems, the Automatic Dependent Surveil
lanceiBroadcast protocol, and netWork communication

(e.g., airborne data links, station keeping equipment). Such

second phase during transmitting of the pulse. The second

a transmitter may be located on a vehicle (e.g., on land or

phase is controlled by the second circuit in accordance With
the ?rst phase, the second phase, and indicia of a third phase

airborne) or located in a relatively ?xed location (e.g.,

provided by the processor.
A method, according to various aspects of the present
invention, is performed by a transmitter for transmitting in

ground-based traf?c monitoring and/or control). In any of
65

these applications, a transmitter may provide multiple out
puts for driving one or more antennas, antenna elements, or
circuits coupling a transmitter to an antenna or antenna

US 7,345,626 B2
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element. According to various aspects of the present inven

four ports of antenna 110. Each transmitter output signal
(e.g., TA) may be implemented in any conventional manner

tion, suitable phase relationships betWeen transmitter output
signals may be established and/or maintained While trans

(e.g., single ended or balanced on one or more conductors).

mitting relatively high energy pulses. Consequently, one or

Alternate implementations use any number of channels (e. g.,

more accurate spatial radiation patterns may be obtained
from the antennas or antenna elements used for transmitting

alternate antennas, elements, and antenna circuits.

2, 3, 6, 8) With suitable controls for cooperation With

the relatively high energy pulses. An accurate spatial radia
tion pattern contributes to accurate location information of a

A particular set of phase relationships among transmitter
output signals may be desired at any convenient points

target (e.g., a responding transponder) at a previously
unknoWn location. Further, accurate spatial radiation pat

betWeen transmitter 104 and antenna 110. At radio frequen

terns contribute to transmitting to a desired location With

differences in circuits (in 104 and/ or 110) and by differences
in propagation of signals (e. g., length and nature of conduc
tors and paths). For example, in an implementation and
installation Where considerable distance exists betWeen
transmitter 104 and antenna 110, a particular set of phase

cies, phase relationships may be affected (e. g., adversely) by

less energy, resulting in less interference With other systems

using radio communication.
A transmitter, according to various aspects of the present
invention, may be a stand alone transmitter or integrated
With a receiver. For example, system 100 of FIGS. 1-4,
includes antenna 110 coupled to transceiver 102. When

relations may be measured at the transmitter end of inter

connecting cables, at the antenna end of interconnecting
cables, at any set of points betWeen transmitter 104 and

transmitting, transceiver 102 provides a plurality of signals
to antenna 110 in a set of phase relationships betWeen the

signals. Any desired phase relationship may be a function of
transceiver design, antenna design, installation of system

antenna 110, or a combination of these locations. A desired
20

100 (e. g., distance betWeen transceiver 102 and antenna 110,
orientation of antenna 110), and/or operation of system 100
(e. g., a mix of directional and omnidirectional transmitting).
Antenna 110 may include any conventional antenna that

various aspects of the present invention, may implement the
desired set of relationships.
25

is driven by a plurality of transmitter output signals. Antenna

mitter output signal; multiple antenna elements, each driven
by a transmitter output signal; or multiple antenna circuits,
each driven by a transmitter output signal. In a preferred
implementation, an antenna is used of the type described in
US. Pat. No. 5,191,349 by Dinsmore. Such an antenna has
four ports, each port receiving a transmitter output signal
and comprising a circuit for coupling the transmitter output

30

signal to several elements of the antenna. Such an antenna

35

To transmit directionally via antenna 110, one or more of

channel circuits 201 may be controlled to transmit signals of
any desired phase and amplitude to one or more ports of
antenna 110.

coupled to the four antenna ports. The four transmitter
40

ideally With Zero phase difference betWeen any tWo of the

Modulator 209 includes conventional signal generator
210, conventional mixer 224, and conventional local oscil

lator 212 coupled and, as desired, programmed by processor
108, to provide signal TX to be transmitted. Signal TX may

four transmitter output signals).
Transceiver 102 includes transmitter 104, receiver 106,
45

50

processor (e.g., a stored program computer) that implements
communication as discussed above. In another implemen

be coupled to each of the channel circuits of plurality 201.
Channel circuits may be of tWo types. A ?rst type provides
a reference signal used by each channel circuit of the second
type. For example, plurality 201 includes circuit 202 for
channel A of the ?rst type and circuits 204, 206, and 208 for
channels B, C, and D of the second type. Channel Aprovides
a reference phase signal RP coupled to each of channels B,
C, and D. In another implementation, all channel circuits are
identical and capable of operation as the ?rst or second type
as directed by processor 108.

tation (e.g., 200 of FIG. 2), receiver 106 is omitted.
A transmitter, according to various aspects of the present

invention, provides a plurality of transmitter output signals

includes a modulator 209, a plurality 201 of channel circuits,
and may include a matrix sWitch 203 (shoWn in straight
through form) so that any channel circuit may be used to
provide any transmitter output signal. Such a matrix sWitch
may be controlled in any conventional manner, for example,
by processor 108. To transmit omnidirectionally via antenna
110, channel circuits 201 may be controlled to transmit equal

phase, equal amplitude signals to each port of antenna 110.

is conventionally used for directional transmitting and may
be used for omnidirectional transmitting. For omnidirec
tional transmitting, four transmitter output signals are

and processor 108. Transmitter 104 and receiver 106 may be
coupled to antenna 110 in any conventional manner (e.g., via
an antenna sWitching circuit, not shoWn). Processor 108 may
control transmitter 104 to generate desired transmitter output
signals for use in transmitting via antenna 110. Processor
108 may also process signals received via antenna 110 and
receiver 106. Processor 108 may include any conventional

A transmitter may include a plurality of substantially
identical circuits, each circuit for providing one of the

transmitter output signals. For example, transmitter 104

110 may include multiple antennas, each driven by a trans

output signals are driven in substantially in phase (e.g.,

set of phase relationships may then be determined by
analysis and/ or tests. Operation of a transmitter, according to

Each channel circuit of the second type (e. g., for operation
55

as a circuit of the second type) receives from processor 108

having a set of phase relationships to an antenna as directed

a respective phase control signal as discussed above (PCA,

by a processor. For example, in system 200 of FIG. 2,
processor 108 provides to transmitter 104 a plurality of

PCB, PCC, and PCD).

phase control signals PCA, PCB, PCC, and PCD. Each
phase control signal (e.g., PCB) may be implemented in any

System 200 may be operated With an antenna of the type
described by Dinsmore as described in Table 1. Ports of the
60

Dinsmore antenna are described herein as physically

conventional manner (e.g., one or more analog signals, one

arranged in clockWise order A-D. Phases are relative to the

or more digital signals in serial and/or parallel format).

phase of signal PCA. In Table 1, matrix sWitch 203 is
omitted or is programmed for straight through coupling. In

Processor 108 also provides to transmitter 104 a signal

an alternate implementation signal PCA is ?xed or omitted

generator control signal to convey one or more of the

information to be transmitted and/or control of the format

65

(With commensurate simpli?cation of channel circuit 202),

and/ or timing of transmitting. Transmitter 104 provides four

phases are relative to signal TA, and various directions are

transmitter output signals TA, TB, TC, and TD coupled to

determined by matrix sWitch 203.

US 7,345,626 B2

PCA

PCB

PCC

6

TABLE 1

A compare circuit compares indicia of phase from several
sources and provides a signal having indicia of a phase
difference. For example, compare circuit 326 receives signal

PCD SGC

0°
0°

5

Antenna Pattern

RP from sample circuit 314 and signal SB from sample
circuit 324. Compare circuit 326 provides a signal PCI that
conveys indicia of an algebraic difference in phase between
the phases indicated by signals RP and SB. A channel circuit
may conform to principles of conventional feedback control
circuit design having an error signal corresponding to or
included in signal PCI. In a preferred implementation the
output signal of a sample circuit includes a radio frequency

ATCRBS squitter or omnidirectional
none

none

none

Mode S reply
TCAS interrogation

directional- fore

or resolution
none

0°

none

none

TCAS interrogation

directional — starboard

or resolution
none

none

0°

none

TCAS interrogation

directional — aft

or resolution

none

none

none

0°

TCAS interrogation

directional-port

having a phase indicative of the phase of the sampled signal.

or resolution

Compare circuit 326 may include a conventional mixer that

provides a direct current signal having a magnitude propor
tional to the algebraic difference in phase between RP and
SB. In another implementation, sample circuits and compare

A plurality of channel circuits, according to various
aspects of the present invention, includes one channel circuit
that provides a signal conveying indicia of a reference phase
provided to all other channel circuits of the plurality. For
example, plurality of channel circuits 300 of FIG. 3 may be

circuits may be implemented with digital techniques (e.g.,
amplitude normalization and amplitude sampling) and/or
include digital to analog conversion (e.g., producing signal
20

PCI in a serial or parallel digital format).
A phase control circuit provides a control signal to adjust
the phase of a transmitter output signal. The control signal
may be coupled to a phase shift circuit and/or an ampli?er
as discussed above. For example, phase control circuit 328

25

receives a signal having phase control information (PCI)

su?icient to drive antenna 110 PORT A. One or more 30

phase value (PCB) from processor 108. Circuit 328 provides
a phase control output signal PCO to phase shift circuit 320.
Signal PCO is preferably in a digital form for selectively
operating cumulative discrete phase control elements of
phase shift circuit 320.
Phase control circuit 328 may respond to signal PCI with

used in place of plurality 201 of FIG. 2 omitting signal PCA
as discussed above. Circuits 300 include channel circuit 302

(of the ?rst type as discussed above) and identical channel
circuits 304-308 (of the second type). Each channel circuit
includes a power ampli?er 312, 322 and a sample circuit
314, 324. Channel circuits 302-308 further include a com

from compare circuit 326 and a signal having a set point

pare circuit 326 and a phase control circuit 328.

Ampli?er 312 ampli?es transmission signal TX in any
conventional manner to provide signal TA at a power

laterally-diffused metal-oxide-semiconductor (LDMOS)
transistors are preferred. Ampli?ers 312, 322 are substan

tially identical in function and structure. Programmable gain
and phase control may be integral to ampli?ers 312 and/or
322 as controlled by processor 108. Ampli?ers 312, 322 may

include frequency multiplication capability (e.g., doubler,

an update in the adjustment value of signal PCO in a

continuous (e.g., analog), periodic, conditional (e.g., when a
35

divider), for example, for economies in design of modulator
209. Each ampli?er may have a unique phase shift due to
physical differences (e.g., variation in circuit or layout,
variation in components and manufacturing, variation in

operating temperature, variation in load).
A modulation may be implemented in ampli?er 312 (or
any stage of ampli?er 312). For example, gain control or a
switch may be used for on-olf keying for pulse position
modulation or for phase shift keying. In such an implemen
tation signal TX may be continuous carrier at the radio
frequency to be transmitted.
Sample circuit 314 provides an output signal that conveys
indicia of the phase of output signal TA in any conventional
manner while output signal TA is available at up to full

currently or at one or more suitable times in the past. Criteria
40

for updating the adjustment value of signal PCO may be
determined by phase control circuit 328 and/or by processor
108. For example, phase control signal PCB may indicate an
instant in time (or a period) when signal PCI is valid due to
characteristics of the transmission signal.

45

Operation of the feedback loop consisting of phase shift
circuit 320, ampli?er 322, sample circuit 324, compare
circuit 326, and phase control circuit 328 may be closed

loop (e.g., continuous with substantially no delay between
changes in PCI and PCO), closed for a period of time and

then opened (a ?nal adjustment per signal PCO being
50

output power. For example, sample circuit 314 provides
indicia of a reference phase via signal RP to other channels
304-308. The phase indicated in an output of each sample

maintained by phase shift circuit 320), or discontinuous
(signal PCI sampled or averaged over several samples then
signal PCO updated at any suitable time after sampling or

averaging).
Signal PCI may be subject to preliminary ?ltering so that

circuit 314, 324 (RP, SB), may differ somewhat from the

phase of the sampled signal (TA, TB) due to physical

change in PCI or PCB exceeds a limit amount), or ad hoc

manner (e.g., at times prescribed by processor 108). The
adjustment value may be in accordance with signal PCI

55

a ?ltered result provides a basis for a next adjustment value

differences (e.g., variation in circuit or layout, variation in

of signal PCO. Signal PCO may be subject to ?ltering so that

components and manufacturing, variation in operating tem
perature, variation in load). As discussed below, phase
compensation is provided by a plurality of channels coop
erating according to various aspects of the present invention

changes in adjustment value are limited to a maximum step
siZe per adjustment over a step duration. Consequently,

undesired bounce, jitter, and hunting may be reduced in the
60

feedback loop. By reducing bounce, jitter, and/or hunting,

65

undesired phase and frequency noise may be reduced in the
transmitter output signal (TB) and stresses (e.g., local heat
ing) may be reduced in circuits and components of the loop.
When transmitting is not continuous, changes to signal PCO
may be made when not transmitting.

so as to reduce the effect of undesired phase differences

among transmitter output signals. Because circuits as dis
cussed herein may provide a relatively wide range of phase
compensation at full power of transmitter output signals,
design variation among channel circuits may be tolerated
permitting more economical circuit layout and manufactur

ing (and improved reliability).

A phase control circuit may include a processor that

performs a method for assuring transmitter output signals

US 7,345,626 B2
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conform to a desired set of phase relationships. Each channel
circuit may include such a processor. In another implemen

sequence (e.g., optimiZation) until a minimum phase differ
ence is reported by signal PCI.
Phase control may include recalling a compensation value
from compensation store 408, adding the recalled compen

tation, one processor receives respective inputs from each
channel circuit, provides respective outputs to each channel
circuit, and performs the method in any conventional man
ner for all channel circuits (e.g., sequentially, multitasking,

sation value to a set point value read from signal PCB, and
providing an adjustment value of signal PCO based on the
sum. For example, if signal PCB prescribes a set point of
90°, set phase process 406 may recall a compensation value
of 3° from store 408, form a sum of 93° (90 plus 3), and
provide an adjustment value of 93° via signal PCO. Con

multithreading). For example, in the implementation shoWn
in FIG. 4, compare circuit 326 includes a mixer 400 respon
sive to signals RP and SB as discussed above. Mixer 400

provides signal PCI to phase control circuit 328. Phase
control circuit 328 includes ADC 402 and processor 404.

sequently, by operation of phase shift circuit 320, the phase

Phase control circuit 328 employs conventional circuits and
?rmware for the purposes discussed herein. Signal PCI is

difference betWeen transmitter output signals TB (at 95°
from TX) and TA (at 5° from TX) is 90° (95 minus 5),

subject to analog to digital conversion by ADC 402 and
results are subject to processing by processor 404. Processor
404 in addition to ADC output, receives signal PCB and

compensated for differing channel circuit delays.
The techniques described above facilitate transmitting in

provides signal PCO.

a plurality of modes With one or more antennas. For

In another implementation, processor 108 receives phase

example, several modes are discussed above for directional

information signals (e.g., PCI in analog form or after con
version to digital form) from each channel circuit and

transmitting and omnidirectional transmitting from a system
20

provides phase control signals (e.g., PCO) to each phase

100 that includes one antenna 110 and may include a sWitch
203. A system 100 that uses multiple antennas may use these

shift circuit. Signals PCA, PCB, PCC, and PCD may be
omitted; and, the phase control circuit (e.g., 328) may be

techniques to implement con?guration changes among

omitted from each channel circuit.
As discussed above, a set phase process and compensa
tion store may be implemented in each phase control circuit
328 (processor 404), in a processor common to all channel
circuits (not shoWn), or in processor 108. For clarity of

may provide signals PCA-PCD With respective set point

description, set phase process 406 and compensation store
408 Will be described With reference to FIG. 4 as imple

mented in each phase control circuit 328, typical for a
plurality of channel circuits (201 or 300).
Set phase process 406 reads from time to time indicia of
a phase difference provided by ADC 402, reads from time to
time indicia of a phase set point from signal PCB, reads and
Writes compensation values to compensation store 408, and
provides adjustment values from time to time via signal
PCO to implement any channel circuit functions discussed
above. Set phase process 406 may perform at any suitable

time (e.g., as directed by signal PCB) con?guration control,
phase control for omnidirectional transmitting, and phase
control for directional transmitting.
Processor 108 may prescribe operating values for set
phase process 406. Set phase process 406 may implement

antennas and desired transmitting modes. Processor 108
25

Processor 108 may include information on each phase
control signal (PCA-PCD) that identi?es an antenna and

antenna port (or element) for suitable operation of phase
30

antenna port (or element). Each phase control circuit may

35

Referring to FIG. 5, a Waveform is shoWn that may be
Waveform may represent a TCAS transmission (e.g., an
40

45
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surement of phase (signals RP and SB) or phase difference
(signal PCI). For example, the duration of pulse P1, P2 or the
sync portion of pulse P6 may be of sufficient duration. The
sync portion of pulse P6 is preferred When propagation
delays through circuits 326 and 328 are sufficiently loW to

permit adjusting phase prior to sending data in the remainder
of pulse P6 (e.g., from times t6 to t7).
Referring to FIG. 6, another Waveform is shoWn that may
be transmitted by avionics system 100. In this instance, the
Waveform 602 may represent part of a transmission from a

60

transponder (e.g., an omnidirectional reply in a MODE S
format). Waveform 602 conveys data in a binary pulse
position modulation. When a “0” bit is folloWed by a “1” bit,
a pulse (e. g., from times tl4 to t16) is transmitted of sufficient
duration to operate sampling circuits 314 and 324. An

65

adjustment to phase may be implemented by circuits 326,

3° via signal PCO. Phase shift circuit 320 adds 3° to the
delay TX to TB so that signal TA and TB are both 5° from

signal TX. Consequently, a phase difference betWeen TA and
also reports Zero phase difference. Set phase process 328
may provide adjustment values in any conventional

and phase shift circuit 320 may be simultaneous for closed
loop control or may be individually operated during a
sequence of times. In a preferred mode of operation, sample
circuits 314 and 324 are operated simultaneously during a
transmission of suitable duration to alloW a reliable mea

50

signal PCI, ignoring any reference to a phase set point (if not
Zero) of signal PCB, and storing a compensation value in

TB is Zero (e.g., as desired per Table 1 row 1). Signal PCI

omnidirectional interrogation in a MODE S format) provid
ing a pulse P1 from time tl to time t2, a pulse P2 from time
t3 to time t4 and a pulse P6 from time t5 to time t7, including
in pulse P6 a synchroniZation period from time t5 to time t6.

As discussed above, operation of sample circuit 314, sample
circuit 324, compare circuit 326, phase control circuit 328,

or softWare from processor 108 as conveyed in any conven

tional phase shift. Signal PCI reports a phase difference of
3° (5 minus 2). Set phase process 406 stores the value 3° in
compensation store 408 and provides an adjustment value of

mining What antenna and antenna port (or element) it Will be
coupled to.
transmitted by avionics system 100. In this instance, the

tional manner by signal PCB. Operating values may include
any suitable limit value, duration, repetition rate, period or

compensation store 408. As an example, consider the phase
difference from signal TX to signal TA to be 5°. Consider the
phase difference betWeen TX and TB to be 20 With signal
PCO directing phase shift circuit 320 to provide Zero addi

control circuit 328. For instance compensation values stored
in compensation store 408 may be indexed by antenna and
receive control signal SWC to determine or assist in deter

con?guration control by reading such operating values and/

softWare for channel circuit functions described above.
Phase control for omnidirectional transmitting may
include setting an adjustment value of signal PCO based on

phases suitable for each antenna and transmitting mode.

328, and 320 at any time While not transmitting e.g., from

times tl6 to tls, and/or While transmitting. Other implemen

US 7,345,626 B2
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tation may include sampling circuits that respond more

7. The transmitter of claim 6 Wherein:
the ?rst circuit comprises a ?rst sampling circuit that

quickly for operation in shorter pulse durations (e.g., from

provides indicia of the ?rst phase; and
the second circuit comprises:
(1) an ampli?er that provides the second output signal;
(2) a second sampling circuit that provides indicia of the

times tl2 to t13).

The foregoing description discusses preferred embodi
ments of the present invention Which may be changed or

modi?ed Without departing from the scope of the present
invention as de?ned in the claims. While for the sake of

second phase;

clarity of description, several speci?c embodiments of the

(3) a phase detector that provides an error signal in
accordance With the indicia of the ?rst phase and the
indicia of the second phase;

invention have been described, the scope of the invention is
intended to be measured by the claims as set forth beloW.
What is claimed is:
1. A transmitter that provides a plurality of output signals,

(4) a phase controller that provides a phase control signal
in accordance With the error signal and the indicia of

the transmitter comprising:

the third phase; and
(5) a phase shifter that couples the generated signal to the
ampli?er and introduces an adjustment phase shift in
the generated signal in accordance With the phase
control signal, the adjustment phase shift not subject to

a processor;

a signal generator that provides a generated signal com
prising an amplitude modulated radio frequency for
transmitting a pulse;
a ?rst circuit that provides a ?rst output signal, responsive
to and With higher poWer than the generated signal, the

?rst output signal having a ?rst phase during transmit
ting of the pulse; and

change during transmitting.
20

a second circuit that provides a second output signal,

responsive to and With higher poWer than the generated
signal, the second output signal having a second phase

during transmitting of the pulse, the second phase
controlled by the second circuit in accordance With the
?rst phase, the second phase, and indicia of a third

25

phase provided by the processor.

3. The transmitter of claim 2 Wherein the second circuit
further operates to reduce a second absolute difference
betWeen the ?rst absolute difference and the third phase.
4. The transmitter of claim 3 Wherein the second circuit
comprises a second processor having a memory that

includes a compensation value applied by the processor to
reduce the second absolute difference.
5. The transmitter of claim 1 Wherein:
the ?rst circuit comprises a ?rst sampling circuit that

provides indicia of the ?rst phase; and
the second circuit comprises:
(1) an ampli?er that provides the second output signal;
(2) a second sampling circuit that provides indicia of the

than 200 Watts.

30

35

40

45

adjusting a circuit of the transmitter that provided a
50

accordance With the detected ?rst phase of each of tWo

control signal.

the particular output signal With a second respective
phase different from the ?rst respective phase.

the generated signal further comprises a ?rst portion for

the ?rst portion comprises the pulse.

particular output signal of the plurality, adjusting in
output signals of the plurality to subsequently provide

6. The transmitter of claim 1 Wherein:

synchronization of a provided receiver and a second

With a second phase different from the ?rst phase.
12. The system of claim 11 Wherein adjusting is per
formed at least in part While transmitting.
13. A method performed by a transmitter for transmitting
in a Mode S format, the method comprising:
providing a plurality of output signals for a ?rst period of
time according to a portion of the Mode S format;
during a second period of time included in the ?rst period

of time, detecting a respective ?rst phase of each output
signal of the plurality; and

in accordance With the error signal and the indicia of

portion for conveying data in accordance With a phase
modulation; and

of time, detecting a ?rst phase of the output signal; and

output signal, adjusting in accordance With the detected
?rst phase to subsequently provide the output signal

(4) a phase controller that provides a phase control signal
the third phase; and
(5) a phase shifter that couples the generated signal to the
ampli?er and introduces an adjustment phase shift in
the generated signal in accordance With the phase

10. The transmitter of claim 1 Wherein the pulse is part of
a Mode S interrogation.
11. A method performed by a transmitter for transmitting
in a Mode S format, the method comprising:
providing an output signal for a ?rst period of time
according to a portion of the Mode S format;
during a second period of time included in the ?rst period
adjusting a circuit of the transmitter that provided the

second phase;
(3) a phase detector that provides an error signal in
accordance With the indicia of the ?rst phase and the
indicia of the second phase;

respective poWer ampli?er; and
each output signal of the plurality has a poWer of greater

2. The transmitter of claim 1 Wherein the second circuit
operates to reduce a ?rst absolute difference betWeen the

second phase and the ?rst phase.

8. The transmitter of claim 7 Wherein the phase shifter
comprises a second processor having a memory that
includes a compensation value applied by the processor to
reduce the second absolute difference.
9. The transmitter of claim 1 Wherein:
the ?rst circuit and the second circuit each comprise a
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14. The method of claim 13 Wherein adjusting is per
formed at least in part While transmitting.
*
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