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output port for down-converting a radar signal. The receiver section further includes a receive calibration mode signal path (74)
through an attentuator which bypasses the LNA and passes through the mixer and IF amplifier to the IF output port.



WO 03/105272 A1 |NNAIH 00 AR 00 O A

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 03/105272 PCT/US03/17340

AN ACCURATE RANGE CALIBRATION ARCHITECTURE FOR PULSED DOPPLER RADAR SYSTEMS

[0001] This invention was made with Government support under Department
ofthe Navy Contract No. N000024-97-C-5390 CLIN 0001AA TI 416,
qwarded by the Department of the Navy.

BACKGROUND OF THE DISCLOSURE

[0002] Anti-ballistic missile guidance systems require exiremely accurate
warhead fuzing. A radar fuze system on a missile uses very short pulse width
and extremely fast rise/fall time RF pulses to determine the range and range-rate
of the target. A receive/trans;nit (RX/TX) system is employed to prbcess the RF
radar pulse and its target return. In a tactical mode, radar pulses are amplified
by a high-power transmitter, then broadcast at the target. The target returnsthe
pulse, which enters the transmitter/receiver through the antenna, and is amplified
and down-converted by the receiver.

[0003] For range calibration, the system should provide an alternate signal
path from the transmitter to the receiver, which bypasses the antenna, to enable
the system to measure its own time del'ay. In a calibration mode, the alternate
signal path should maintain three characteristics. First, i should attenuate the
radar pulse signal power dramatically to within a small amplitude window to .
simulate the small radar return of a target with an acceptable IF output power,
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while keeping the receiver well below its saturation level but above the system
noise floor. Second, it should preserve the integrity of important radar pulse
characteristics, including rise/fall times and pulse width. Third, it should provide
a group delay nearly identical to the group delay of a transmitted/received pulse
reflected from a theoretical target at a fixed close range. The tolerance versus
operating frequency, temperature, exciter power, and from unit-to-unit on the
group delay difference between the calibration mode signal path and the tactical
mode signal path sets the accuracy to which a target's range can be determined.
[0004] A switchable two-junction circulator has been used to establish a
calibration mode path. The first junction was used to attenuate the transmitter
output power during the calibration mode, while the second junction bypassed
the antenna during calibration and routed the radar pulse directly to the receiver.
This approach allowed the transmit amplifier chain to operate at full output
power during calibration, thereby preserving the important pulse characteristic of
rise/fall time and pulse width. However, the poor frequency response of the first
circulator junction in the calibration mode had an undesirable effect on pulse
riseffall time, since the dominant signal path through this junction in the
calibration mode is in the reverse direction of normal signal flow. This reverse-
direction signal path has a frequency response similar to that of a notch filter,
containing large variations in signal amplitude and group delay over the range of
frequencies represented by the pulsed‘RF signal. This lack of amplitude and
delay flatness in the frequency domain translates to poor signal fidelity
(e.g. éhanges in pulse rise/fall time, overshoot, and ringing) in the time domain.
A pair of SPST switches within the receiver chain further reduced the calibration
mode signal amplitude within the receiver, but had an unpredictable group delay
variation due to leakage path effects, resulting from the dominant signal path in
the receiver in the calibration mode including the leakage through these SPST
switches in their OFF positions. These switches have no requirements for
amplitude or delay flatness with respect to frequency in their OFF positions.
Typically, in the OFF position, these switches exhibit large variations in
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amplitude and group delay with respect to frequency. Similar to the reversed
circulator junctions, the amplitude and delay \)ariations that these switches
exhibit in the frequency domain translate to poor signal fidelity in the time
domain.

[0005] . A prior approach by applicants incorporated a bypass path on the
transmitter, instead of switching the ﬁrétjunction of the two-junction circulator to
attenuate the transmit pulse amplitude. This scheme provides improved group
delay accuracy, but does not accurately preserve pulse rise/fall times and pulse
width because the transmit chain's non-linear elements are operating at two
radically different conditions in the tactical and calibration modes. The accuracy
of this approach was found to be highly dependent on temperature and input
power. The addition of a controlled attenuation bypass path in the receiver
improved the group delay and frequency response characteristics of the RX/TX.

SUMMARY OF THE DISCLOSURE

[0006] An exemplary embodiment of a system in accordance with the
invention is a radar system having a tactical mode and a calibration mode. A
transmitter section provides high-power amplification of an RF pulsed waveform
from an exciter during the tactical mode and the calibration mode. A three-
junction circulator system has an input port connected to an output of the
transmitter section, and includes a high-power attenuator. The circulator system
provides a transmit tactical mode signal path” and a transmit calibration mode
signal path of virtually‘ identical electrical path lengths for a transmitter output
signal. The tactical path passes through the first, second, and third junctions in
a first direction to an antenna’l/O port. The calibration path passes through the
first, second, and third junctions in a .second direction and through the high-
power attenuator to an output port. A receiver section is coupled fo the output
port, and includes a receive tactical mode signal path through a low noise
amplifier (LNA), mixer, and intermediate frequency (IF) amplifier to an IF output
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port for down-converting a radar signal. The receiver section further includes a
receive calibration signal path through an attenuator which bypasses the LNA

and passes through the mixer and IF amplifier to the IF output port.

BRIEF DESCRIPTION OF THE DRAWING

[0007] These and other features and advantages of the present invention will
become more apparent from the following detailed description of an exemplary
embodiment thereof; as illustrated in the accompanying drawings, in which:
[0008] FIG. 1is a simplified schematic diagram of an exemplary embodiment
of a radar transmitter/receiver system embodying the invention, configured in a
tactical mode. ‘

[0009] FIG. 2 is a simplified schematic diagram of the system of FIG. 1,
but configured for a calibration mode.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0010] A purpose of an exemplary embodiment of the invention is to provide
an accurate range calibration technique for pulsed Doppler radar systems. Ina
radar ranging system, distance is measured by converting the time it takes fora
transmitted RF signal to reflect from a target and return to the radar's receiver.
THus, accuracy in time measurement is converted to accuracy in distance
measurement. Foraradar system, thé time accuracy will be determined through
a calibration measurement. For example, with the speed of light being 3 x 10"
centimeters/ second, a radar that is able to resolve a target return to 100 pico-
seconds will provide a range accuracy of 1.5 centimeters. This is a goal of an
exemplary embodiment of the invention, which is illustrated in FIGS. 1 and 2,
although other applications embodying the invention may have lesser or greater
range accuracy. '
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[0011] An exemplary embodiment of a transmitter/receiver system 20 is
depicted in the schematic diagrams of FIGS. 1 and 2 in respective tactical
and calibration modes. The system 20 includes three principal subassemblies.
The transmitter 30 provides high;power amplification of the RF pulsed waveform
from the radar exciter. The circulator system 40 includes a combination of
three switchable junctions C1, C2, and C3 and a high-power attenuator 46.
This provides two signal paths for the transmitted signal. One path 42 passes
through circulators C1, C2, and C3 to the antenna 1/O port 70. The second path
44 passes through C1, the high power attenuator 46, C2 and C3. These paths
42, 44 are for all practical purposes identical in electrical length but one path (42)
has nearly zero loss while the other (44) has an appreciable attenuation. The
paths 42, 44 also provide nearly identical group delays between the calibration
and tactical modes, and a highly stable group delay difference between these
modes.

[0012] The system 20 further comprises receiver 50 which includes a receive
tactical mode signal path 72 passing through a low noise amplifier (LNA) 54,
mixer 58, and IF amplifier 60 for down-converting a radar signal using an LO
signal at LO port 66. The receiver 50 also provides a receive calibration bypass
signal path 74 of significant attenuation by use of single-pole, double-throw
(SPDT) RF switches 52 and 56. The paths 72, 74 also provide nearly identical
group delays between the calibration and tactical modes, and a highly stable
group delay difference between these modes. Other ancillary functions typically
contained in a transmitter/receiver system, including but not limited to transmit
frequency upconverters, transmit gating switches and RF filters are not shown,
but will typically be included in a system embodying the invention in accordance
with requirements of particular applications.

[0013] During a system tactical mode (FIG. 1), the transmitter 30 operates
at full power and amplifies the RF pulse from the exciter received at input
port 22, and delivers it to the circulator system 40, to port C1-1 of circulator C1.
The circulator system 40 is switched so that the low-loss path 42 between
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circulator junctions C1 and C2 is chosen, the signal passing from ports C1-1 to
C1-2 of circulator junction C1 to port C2-1 of circulator junction C2, to port C3-1
of circulator junction C3 to port C3-2 of circulator junction C3. The signal path
'42 is the transmit tactical mode signal path. The signal is output to the antenna
/0 port 70 through circulator junction C3 with extremely low power losses.
In the time between the transmit pulses, the signal is reflected from the target
and reenters the antenna port 70, where circulator junction C3 delivers it to the
receiver 50, the signal passing from port C3-2 to port C3-3 of circulator junction
C3. Within the receiver, RF switches 52 and 56 steer the received signal
through the high-gain/low-noise-amplifier path 72 and it is down-converted at
mixer 58 and output at the IF Out port 68. The signal path 72 is a receive
tactical mode signal path.

[0014] During a system calibration mode illustrated in FIG. 2, all of the
circulator junctions are reversed compared to the tactical mode, and switches 52
and 56 are in the opposite state. Exactly as in the tactical mode, the transmitter
30 operates at full power, amplifies the RF pulse at port 22 from the exciter, and
delivers it to the circulator system 40. Within the circulator system 40, junctions
C1 and C2 steer the signal through the transmit calibration mode path 44 to the
high-power attenuator 46, where it is significantly attenuéted. Thus, the signal
passes from port C1-1 to C1-3 of circulator junction C1, through attenuator 46 to
port C2-3 to port C2-2 of circulator junction C2, to port C3-1 of circulator junction
C3 to port C3-3 of circulator junction C3. Junction C3 thus bypasses the
antenna port 70 and delivers the reduced (attenuated) transmit waveform directly
to the receiver 50. Within the receiver, the switches 52 and 56 are set to bypass
the signal around the LNA 54 through receive calibration mode signal path 74
and attenuator 76, which prevents receiver saturation and contributes to a much-
reduced receiver gain so that an acceptable calibration mode IF output power is
provided.

[061 5] Switchable circulator junctions suitable for the purpose as junctions C1,
C2 and C3 are commercially available. For example, EMS Technologies,
Norcross, GA, markets waveguide circulators with switchable junctions.
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[0016] The exemplary embodiment of the invention provides an extremely
accurate range calibration because of the following features:

1. The transmit high-power amplifier 30 is operated at full RF power
during tactical and calibration modes, thereby preserving the transmit pulse
riseffall and pulse width characteristics.

- 2. The triple-junction switchable circulator system 40 provides a high-
power attenuation bypass path 44 in calibration mode to accurately attenuate the
transmit pulse with no compromise in frequency response, and it provides near
identical group delay between the tactical and calibration signal paths 40, 42.
The system 40 also routes the attenuated transmit (TX) signal directly to the
receiver during calibration made. ’

3. A bypass path 74 in the receiver is used to further reduce RX/TX
path gain, and is designed to produce a negligible group delay difference
between the tactical and calibration modes and an accurate IF output power
level during calibration.

4. The amplitude and delay flatness of the bypass paths in both the
triple-junction circulator and the receiver can be controlled, thereby preserving
signal fi f delity in the calibration mode. Path amplitude and delay flatness are
controlled by specifying a flat frequency bandwidth over a sufficient bandwidth.
Within the circulator and receive bypass paths, a flat frequency response overa
wide bandwidth is easily attainable by those skilled in the art of producing RF
attenuators. Further the tolerance of the group delay difference between tactical
and calibration states is well controlled by employing tight dimensional
tolerances during construction of the circulator and receiver.

[0017] It is understood that the above-described embodiments are merely
illustrative of the possible specific embodiments which may represent principles
of the present invention. Other arrangements may readily be devised in
accordance with these principles by those skilled in the art without departing -

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

1. A radar system having a tactical mode and a calibration mode,
comprising:

a transmitter section (30) for providing high-power amplification of an RF
pulsed waveform from an exciter during the tactical mode and the calibration
mode;

a circulator system (40) having an input port connected to an output of
the transmitter section and including first, second and third switchable junctions
(C1, C2 C3), and a high-power attenuator (46), the circulator system providing a
transmit tactical mode signal path ‘(42) and a transmit calibration mode signal
. path (44) of virtually identical electrical path lengths for a transmitter output
signal, the transmit tactical mode path passing through the first, second and third
junctions in a first direction to an antenna I/O port (70), the transmit calibration
mode signal path passing through the first, second, and third junctions in a
second direction and through the high-power attenuator to an output port; and

a receiver section (50) coupled to the output port including a receive
tactical mode signal path (72) through a low noise amplifier (LNA) (54),
mixer (58), and intermediate frequency (IF) amplifier (60) to an IF output.port
for down-converfing a radar signal, the receiver section further including a
receive calibration mode signal path (74) through a receiver attenuator (76)
whibh bypasses the LNA and passes through the mixer and IF amplifier to
the IF output port.

2. A system according to Claim 1, wherein said high-power attenuator is
connected between ports of said first and second circulator junctions (C1, C2)in

said transmit calibration mode signal path (44).
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3. A system according to Claim 1 or Claim 2, wherein a second port
(C1-2) of said first circulator junction is connected to a first port (C2-1) of said
second circulator junction by a first transmission line segment forming a portion
of said transmit tactical mode signal path, and a third port (C1-3) of said first
circulator junction is connected to a third port (C2-3) of said second circulator
junction through said high-power attenuator and a second transmission line

segment.

4. A system according to any preceding claim, wherein the transmit
tactical mode signal path and the transmit calibration signal path provide nearly
identical group delays between the calibration and tactical modes.

5. A system according to any preceding claim, wherein the receiver
section includes a first RF switch (52) and a second RF switch (56) for
selectively bypassing the receive tactical mode signal path and selecting the
receive calibration mode signal path during the calibration mode, said receive
calibration mode signal path providing a nearly identical group delay to a group

delay of the receive tactical mode signal path.

6. A system according to Claim 5, wherein said receiver attenuator is
connected in said receive calibration mode signal path between said first RF -
switch and said second RF switch.

7. A system according to Claim 5 or Claim 8, wherein said first RF
switch is disposed in an input signal path leading to an input ofthe LNA, and the
second RF switch is disposed in an output signa) path leading from an output of
the LNA to an input to said mixer.

8. A system according to any of Claims 5-7, wherein said first RF switch
is a first single-pole-double-throw (SPDT) switch, and said second RF switchisa
second SPDT switch.
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9. A system according to any preceding claim, wherein the calibration
node is a range calibration mode, and the transmitter section is a non-linear
righ-power transmitter section for providing high power amplification of an RF
>ulsed waveform, the transmitter section operated at full RF power during the
actical mode and the range calibration mode, thereby preserving transmit pulse

ise/fall time and pulse width characteristics.
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