
1 METHOD OF DOWN CONVERTING A HIGH FREQUENCY SIGNAL AND A METHOD AND
APPARATUS FOR DETECTING A CW OR PULSED SIGNAL Field of the Invention 5 The
invention relates to a method of down converting a high  frequency  signal
and a method and apparatus for detecting a CW or pulsed signal.
The invention  is particularly applicable for signal detection in microwave
10 counters that can accept either pulsed or CW (continuous wave) microwave
input signals. Background of the Invention 15      Detection of a microwave
signal is traditionally done with a detector that operates at microwave
frequencies. These detectors are expensive, because of the high frequency
components, e.g., diodes required. 20      In  many  types  of  microwave
signal  measurement instruments, the microwave input signal is down
converted to a lower frequency signal called an intermediate frequency (IF)
signal, before the measurement is made.   One way this down conversion is
done is by harmonically mixing a local 25  oscillator signal (LO) with the
microwave input signal. Generally, to down convert the desired microwave
signal frequency range into a usable IF range, many LO frequencies must be
used.   Typically, for a microwave signal range of 500 MHx to 20 GHz, 40 LO
frequencies might be used. 30 In this type of instrument, signal detection
can be done on the IF signal rather than on the microwave signal. However,
with multiple LO frequencies, the IF signal is not always present when the
microwave signal is present.   For 35 repetitive pulsed or persistent CW
microwave signals, the conventional method of signal detection was to step
through each of the available LO signals while monitoring the IF 



detector.  With a large number of LO frequencies, e.g., 40,    2 this
procedure takes a relatively long time. Another type of microwave
measurement instrument uses a preselector filter, for example a YIG filter,
to limit the 5 bandwidth of the microwave input signal prior to harmonic
mixing.  In this type of instrument, the frequency band of the filter is
stepped through the microwave frequency range while monitoring the IF
detector.   This procedure takes an even longer time for signal detection,
because of the large 10 ratio of the microwave frequency range to the
filter frequency range.   For a microwave signal range of 500 MHx to 20
GHz, with a filter bandwidth of 100 MHz, almost 200 steps are required. 15
The long signal acquisition times for the types of detectors described
above add. significantly to. the time required for making repeated
automatic measurements.   For automated test equipment systems, it would be
desirable to reduce the signal acquisition times. 20 The invention provides
a method of down converting a high frequency signal within a first
frequency range to a first lower frequency signal in a second frequency
range by mixing the high frequency signal with the harmonics of a 25
minimal number of second lower frequency signals within a third frequency
range, the second frequencies of the second lower frequency signals chosen
so that at least one harmonic of at least one of the second lower frequency
signals will convert any signal in the first frequency range to a signal 30
in the second frequency range. The invention further provides a method of
wide-band 



signal detection of pulsed or continuous wave microwave input signals in a
predetermined microwave frequency range, 35 without using a microwave
signal detector, comprising: selecting  a  small  number  of  local
oscillator frequencies, so that some harmonic of at least one of the
local oscillator frequencies will convert any signal in the microwave
frequency range to a signal within an intermediate frequency range; 5
sequentially  mixing  each  of  the  selected  local oscillator frequencies
with the microwave input signal; and applying the signal produced by mixing
to a first detector sensitive, to intermediate frequency signals to 10
determine whether  an  intermediate  frequency  signal  is produced;
applying the signal produced by mixing to a second detector sensitive to
intermediate frequency signals to .15 determine whether the intermediate
frequency signal  is pulsed or continuous wave. The invention also provides
apparatus for wide-band signal detection of pulsed or continuous wave high
frequency 20  input signals in a predetermined high frequency range,
without using a microwave signal detector, comprising: means for generating
a local oscillator frequency, programmed to sequentially generate local
oscillator 25  frequencies  from a set selected so that at least one
harmonic of at least one of the local oscillator frequencies will convert
any signal in the predetermined high frequency range to a signal within an
intermediate frequency range; 30      means  for  mixing  each  of  the
local  oscillator frequencies with the high frequency input signal to
produce an output signal; 



first detector means responsive to the output signal, 35  and  sensitive
to  intermediate  frequency  signals,  to determine whether the output
signal is an intermediate frequency signal;  and    second detector means
responsive to the output signal,- and  sensitive  to  intermediate
frequency  signals,  to determine whether the output signal is pulsed or
continuous wave. 5 A small number of properly selected LO frequencies can
down convert signals over the entire microwave frequency range. 10      A
particular embodiment of. the invention uses two IF detectors to determine
if a microwave signal is present, and whether it is a pulsed or CW signal.
The input microwave signal is down converted to an IF signal using, for
example, *  harmonic heterodyne down conversion.   With a small number 15
of  selected  LO  frequencies,  signals  over  the  entire microwave input
range are down converted within the IF range.     For example,  to down
convert microwave input signals in the range of 0.5 to 20 GHz to an IF
range of 20 to 140 MHz, only 20    five LO frequencies are required. Thus,
signal acquisition requires checking only five O frequencies rather than
the entire set of available LO frequencies. Description of the Drawings
Figure 1 is a simplified block diagram of the microwave signal detector of
the 5    invention. 



Figure 2 is a diagram illustrating the selection of the LO frequencies so
harmonics down convert microwave input signals over the entire input
frequency range to within the IF range. Figure 3 is a flow chart of the
process followed by the signal detector to 10    determine is a signal is
present and whether the signal is pulsed or CW. Detailed Description of the
Invention In a preferred embodiment of the signal detector of the
invention, harmonic heterodyne down conversion is used to convert the input
microwave signal to an IF 15    signal. The input microwave signal and a
lower frequency signal from local oscillator 101 are applied to harmonic
mixer 102. The frequency of the LO signal is set by a control signal from
microprocessor 103. One or more of the harmonics of the LO signal combines
with the microwave signal in harmonic mixer 102 to produce an intermediate
frequency (IF) signal output The relationship between the frequencies 20
of the input signal [err] the LO signal [err], and the IF signal [err] for
mixing with at the Nth harmonic of the LO is: [err]
(1) The IF output is amplified and conditioned by an IF amplifier 104, then
applied to two IF signal detectors 105 and 106. 25          Detector 105
senses if there is a signal present. This detector can be implemented in a
variety of well known ways, for example, a peak detector followed by a
comparator. Detector 106 senses if the signal is pulsed or CW. This
detector can also be implemented in a variety of well known ways, for
example with an envelope detector, e.g., a peak detector with a relatively
short time constant, 30    followed by a comparator and a logic circuit.
The outputs from detectors 105 and 106 are sent to microprocessor 103.
[err]    Detectors 105 and 106 are capable of sensing signals only within a
limited IF bandwidth. That is, depending on where in the microwave input
frequency range the input signal is located, an appropriate LO signal must
be selected for the input signal to be down converted within the IF range
of the detectors. The problem, of 5    course, is that the frequency of the
input signal is not known. 



LO Frequency Selection Based on an analysis of how the IF range is mapped
onto the microwave range by the harmonics of the LO frequencies, a set of
LO frequencies can be selected such that at least one LO frequency will
down convert any microwave input 10   signal in the microwave range into
the IF range. Figure 2 illustrates graphically how the LO frequency
selection proceeds. The vertical axis of Figure 2 represents the microwave
frequency range, with the highest frequency at the' top. The three vertical
columns 201, 202 and 203 graphically represent the microwave frequencies
down converted within the IF range by three 15    LO frequencies. As will
be explained below, these three LO frequencies are chosen so the bands of
microwave frequencies converted to the IF range overlap, i.e., no microwave
frequencies are uncovered. The first LO frequency, [err], is chosen so that
the maximum microwave frequency, [err] is down converted within the top of
the IF range at some high 20    harmonic: [err]
(2) The microwave frequencies covered by the [err]harmonic of the first LO
are shown by the two side bands 205 and 206. The upper side band 205 and
the lower side band 206 are centered around the frequency [err] and are
separated by an 25    uncovered region 207 that is [err] wide. The second
LO frequency, [err] is chosen so that, at the same harmonic [err] the
microwave frequency down converted to the top of the IF range is just above
the top of the uncovered region 207, and just overlaps the bottom of the
lower side band 206. These relationships can be expressed as: 30
[err] HP Docket No. 189383    Solving equation 3a for [err] gives the
second LO frequency. The result should be checked in equation 3b also to
assure that the top side band 208 for the second LO covers region 207. The
bottom side band 209 of the second LO frequency must also cover the 5
gap between the lower side band 206 of the [err] harmonic and the upper
side band 



210 of the next lower harmonic of the first LO frequency. This can be
expressed as: [err]                           (3c) [err] 10    When
rearranged, equation 3c is the same relationship as equation 3a, so it is
already satisfied. The LO frequencies need to be checked to be certain they
satisfy equation 3d. In general, the relationships for two LO frequencies
can be stated as: [err] 15               [err]
(30 The next question to answer is when another LO frequency will be
needed. At some lower harmonic [err], because [err] is smaller than [err],
the bottom of the upper side band 210 for the second LO will equal the top
of the lower side band 211 of the first LO. This situation is graphically
shown in the middle section of Figure 2. 20    At this point, another gap
will start, unless a third LO frequency is added to cover the gap. The
relationship at this point can be expressed as: [err]
(4) Solving for [err] allows the next, i.e., third LO frequency to be
determined, similar to the way the second LO frequency was determined: 25
[err] Solving for [err] gives the third LO frequency. Again, the result is
that, at this harmonic number, the third LO upper side band 212 covers the
gap left by the side bands from the first and second LO frequencies. This
process can be repeated until the lower end of the microwave frequency 30
range is reached, or until the lowest usable harmonic is reached. If the
lowest harmonic is reached first, either the IF range or the LO range must
be increased, [err]    and the LO selection process repeated, if the
desired microwave input range is to be covered. If the coverage for the
last chosen LO frequency [err] extends to the lower end of the microwave
range [err] before the minimum harmonic number [err]is reached, the
relationship can be expressed as: 



5               [err]                                     (6) This
situation is graphically shown in the lower right corner of Figure 2, where
the lower side band 213 of the final LO reaches the low end of the
microwave frequency range. The process of selecting the LO frequencies
could also be started at the 10   lower end of the microwave frequency
range, moving to higher LO and microwave frequencies and higher harmonic
numbers. The set of equations for determining the LO frequencies and
harmonic numbers for this set of frequencies can be derived similarly to
the way the equations for proceeding from the top of the microwave range
down were derived. 15         An example will further explain the process
for selecting the set of LO frequencies. For a microwave frequency range of
0.5 to 20 GHz, and an IF range of 20 to 140 MHz, to obtain a first LO
frequency around 350 MHz requires a harmonic number [err] of 83. To check
that setting [err] to 350 MHZ works, solve equation 2 for [err] 20
[err]                        (7) [err] [err] To select the second LO
frequency, we solve equation 3 for [err] substituting the known values for
[err]175 MHz, and [err]350 MHz: 25               [err]
(8) [err] [err] Rounding up to assure coverage, set the second LO frequency
to 348.6 MHz. Next, determine the harmonic at which the next LO is needed
to prevent a 30    gap, by solving equation 4 for [err], again substituting
known quantities: [err]                              (9) HP Docket No.
189383    [err] [err] Since N must be an integer, round up to assure
coverage, and use [err] 



The third LO frequency can be determined by using this harmonic and [err] 5
similarly as done in equation 8: [err]                     (10) [err]
Solving and rounding up, the third LO frequency, [err] is set to 344.7 MHz.
Repeating the process in a similar function for the next LO frequency, 10
substituting in equation 9, the harmonic number at which a fourth LO is
needed is N = 11, and substituting in equation 10, the fourth [err]
frequency is [err] = 333.8 MHz. Again repeating the process, the harmonic
number at which a fifth LO is needed is N = 4, and the fifth LO frequency
is [err]. 15         The next LO frequency would be needed at a harmonic
number of 1.33. However, the side bands of the fifth LO frequency extend
below the minimum RF frequency at harmonic number of 2. This can be shown
with equation 6: [err]                                  (6) [err] 20
[err] Thus coverage with the fifth LO frequency extends down to 467.6 MHz,
which is below the minimum RF frequency of 500 MHz. !For this example,
signal detection can be done using the five LO frequencies selected: 350
MHz, 348.6 MHz, 344.7 MHz, 333.8 MHz and 303.8 MHz. 25    Operation for
Signal Detection The flow chart of Figure 3 shows the detection procedure.
The procedure determines whether an RF signal is present, then if a signal
is found, determines whether it is a pulsed or CW signal. When a signal is
found, the measurement instrument is set to the correct mode of operation
and a measurement is taken. 30         The process starts at block 301. In
blocks 303 to 311, the LO frequencies are checked sequentially until an IF
signal is detected. The local oscillator is set to [err]    the first LO
frequency at block 303 and the detector 105 is checked for an IF signal in
decision block 305. If no IF signal is detected, the next LO frequency is
selected - 



at block 307 and the detector is checked again. If an IF signal is
detected, at block 309 detector 106 is checked to determine if the signal
is Pulsed or CW, and the LO 5    frequency and the nature of the signal is
stored at block 311. At decision block 313, if not all the IF frequencies
have been checked, the local oscillator is set to the next LO frequency and
control flows again to block 305. If all the IF frequencies have been
checked, control passes to decision block 315. Form block 315, if no IF
signal was detected at any LO frequency, at block 317 an 10    error
message is sent, and control passes back to start block 301. If an IF
signal. was detected, control passes from block 315 to decision block 319.
After the first detection of a signal, a second check is made at the LO
frequencies at which signals were detected, to confirm the existence and
nature of the signal. This is necessary because,for example, the IF
detectors behave 15    differently for RF signals mixed with different
harmonics of LO signals, because the IF falls at the edge of the detector's
range, or because of variability in the RF input signal. Because the
harmonics of the various LO frequencies overlap, several LO frequencies may
produce a detected IF signal. If any of the IF signals detected and stored
is a CW signal, decision block 20    319 passes control to blocks 321 to
335, in which either the CW nature is confirmed, or an error is found and
the process started again. If none of the signals detected is CW, decision
block 319 passes control to blocks 337 to 351, in which either the pulsed
nature is confirmed, or an error is found and the process started again. At
block 321 the local oscillator is set to the first LO frequency that
produced 25    a CW IF signal. 'At block 323, detector 106 is checked for a
CW signal present. If no CW signal is found, and not all the LO frequencies
that produced CW IF signals have been checked, as determined at decision
block 325, the local oscillator is set to the next LO that produced a CW IF
signal, at block 327, and control returns to block 323. If no CW signal is
found, and all the LO frequencies that 30    produced CW IF signals have
been checked, at block 335 an error message is sent and control returns to
the start an block 301. [err]    . If a CW signal is detected at block 323,
the signal is confirmed as CW at 



block 329. Control passes to block 331 so the measurement instrument is set
for CW mode and a measurement is taken at block 333. If only pulses signals
were detected, a similar confirmation procedure is 5    followed in blocks
335 to 351. At block 335 the local oscillator is set to the first LO
frequency that produced a pulsed IF signal. At block 337, detector 106 is
checked for a pulsed signal present. If no pulsed signal is found, and not
all the LO frequencies that produced pulsed IF signals have been checked,
as determined at decision block 341, the local oscillator is set to the
next LO that produced a pulsed 10    IF signal, at block 343, and control
returns to block 339. If no pulsed signal is found, and all the LO
frequencies that produced pulsed IF signals have been checked, an error
message is sent at block 351 and control returns to the start an block 301.
If a pulsed signal is detected at block 339, the signal is confirmed as
pulsed 15    at block 345. Control passes to block 347 so the measurement
instrument is set for pulsed mode and a measurement is taken at block 349.
A device and method are thus provided which detect the presence of a
microwave signal and determine whether the signal is pulsed or CW, using IF
detectors and a small number of LO frequencies. 20          While specific
hardware components are shown in Figure 1 for implementing the invention,
such components are not a limitation on the invention and the invention may
be practiced utilizing other suitable hardware, or a combination of
hardware and software.    CLAIMS 1.   A method of down converting a high
frequency signal within a first frequency range to a first lower frequency
signal in a second frequency range by 5    mixing the high frequency signal
with the harmonics of a minimal number of second lower frequency signals
within a third frequency range, the second frequencies of the second lower
frequency signals chosen so that at least one harmonic of at least one of
the second lower frequency signals will convert any signal in the first
frequency range to a signal in the second frequency range. 10          2.
The method of claim  1 wherein the high frequency signal is a 



microwave signal, the first lower frequency signal is an intermediate
frequency signal and the second lower frequency signal is a local
oscillator signal. 3.   The method of claim 2 wherein the mixing is
harmonic heterodyne conversion. 15          4.      The method of claim 2
wherein, the first local oscillator frequency is selected according to the
relationship: [err] where [err] is the maximum microwave frequency, [err]
is a selected harmonic number, [err] is the maximum intermediate frequency,
and [err] is the first local 20    oscillator frequency; succeeding local
oscillator frequencies are chosen to satisfy the following relationships:
[err] [err] 25                 [err] where [err] is the minimum
intermediate frequency, and N is the lowest integer harmonic number at
which: [err] proceeding to select additional local oscillator frequencies
until the last 30    selected frequency, [err] satisfies the relationship:
[err] [err]    where [err] is the minimum microwave frequency and [err] is
the minimum allowable harmonic number. 5.     The method of claim 2
wherein, the first local oscillator frequency is selected according to the
relationship: 5                 [err] where [err] is the minimum microwave
frequency, [err]. is a selected harmonic number, [err] is the maximum
intermediate frequency, and [err] is the first local oscillator frequency;
succeeding local oscillator frequencies are chosen to satisfy the following



10    relationships: [err] [err] [err] where [err] is the minimum
intermediate frequency, and N is the lowest integer 15     harmonic number
at which: [err] proceeding to select additional local oscillator
frequencies until the last selected frequency, [err] satisfies the
relationship: [err] 20    where [err] is the maximum microwave frequency
and [err]is the maximum allowable harmonic number. 6.    A method of
wide-band signal detection of pulsed or continuous wave microwave input
signals in a predetermined microwave frequency range, without using a
microwave signal detector, comprising: 25           selecting a small
number of local oscillator frequencies, so that some harmonic of at least
one of the local oscillator frequencies will convert any signal in the
microwave frequency range to a signal within an intermediate frequency
range; sequentially mixing each of the selected local oscillator
frequencies with the microwave input signal; and HP Docket No. 189383 *
C    L    M    S    *    applying the signal produced by mixing to a first
detector sensitive to intermediate frequency signals to determine whether
an intermediate frequency signal is produced; applying the signal produced
by mixing to a second detector sensitive to 5    intermediate frequency
signals to determine whether the intermediate frequency signal is pulsed or
continuous wave. 7.   The method of claim  6 wherein the number of local
oscillator frequencies selected is the minimum number for a given microwave
frequency range, intermediate frequency range and local oscillator 



10    frequency range. 8.   The method of claim 6 wherein the microwave
frequency range is 500 MHz to 20 GHz, the intermediate frequency range is
20 MHz to 140 MHz, the local oscillator frequency range is 250 MHz to 350
MHz, and the number of local oscillator frequencies selected is five. 15
9.      The method of claim 6 wherein, the first local oscillator frequency
is selected according to the relationship: [err] where [err] is the maximum
microwave frequency, [err] is a selected harmonic number, [err] is the
maximum intermediate frequency, and [err], is the first local 20
oscillator frequency; succeeding local oscillator frequencies are chosen to
satisfy the following relationships: [err] [err] 25                [err]
where [err] is the minimum intermediate frequency, and N is the lowest
integer harmonic number at which: [err] proceeding to select additional
local oscillator frequencies until the last 30    selected frequency, [err]
satisfies the relationship: [err] HP Docket No. 189383 * C  L  M  S*
where [err] is the minimum microwave frequency and [err] is the minimum
allowable harmonic number. 10.    The method of claim 6 wherein, the first
local oscillator frequency is selected according to the relationship: 5
[err] where [err] is the minimum microwave frequency, [err] is a selected
harmonic number, [err] is the maximum intermediate frequency, and [err] is
the first local oscillator 



frequency; succeeding local oscillator frequencies are chosen to satisfy
the following 10    relationships: [err] [err] [err] where [err] is the
minimum intermediate frequency, and N is the lowest integer 15     harmonic
number at which: [err] proceeding to select additional local oscillator
frequencies until the last selected frequency, [err] satisfies the
relationship: [err] 20    where [err]is the maximum microwave.frequency and
[err] is the maximum allowable harmonic number. 11.   Apparatus for
wide-band signal detection of pulsed or continuous wave high frequency
input signals in a predetermined high frequency range, without using a
microwave signal detector, comprising: 25           means for generating a
local oscillator frequency, programmed to sequentially generate local
oscillator frequencies from a set selected so that at least one harmonic of
at least one of the local oscillator frequencies will convert any signal in
the predetermined high frequency range to a signal within an intermediate
frequency range; 30           means for mixing each of the local oscillator
frequencies with the high frequency input signal to produce an output
signal; [err]    first detector means responsive to the output signal, and
sensitive to intermediate frequency signals, to determine whether the
output signal is an intermediate frequency signal; and second detector
means responsive to the output signal, and sensitive to 5    intermediate
frequency signals, to determine whether the output signal is pulsed or
continuous wave. 



12.  The apparatus of claim 11 wherein the number of local oscillator
frequencies selected is the minimum number for a given high frequency
range, intermediate frequency range and local oscillator frequency 10
range. 13.  The apparatus of claim 11 wherein the predetermined high
frequency range is 500 MHz to 20 GHz, the intermediate frequency range is
20 MHz to 140 MHz, the local oscillator frequency range is 250 MHz to 350
MHz, and the number of local oscillator frequencies selected is five. 15
14.    The apparatus of claim 11 wherein, the first local oscillator
frequency is selected according to the relationship: [err] where [err] is
the maximum  microwave frequency, [err] is a selected harmonic number,
[err]  is the maximum intermediate frequency, and [err] is the first local
20    oscillator frequency; succeeding local oscillator frequencies are
chosen to satisfy the following relationships: [err] [err] 25
[err] where [err] is the minimum intermediate frequency, and N is the
lowest integer harmonic number at which: [err] proceeding to select
additional local oscillator frequencies until the last 30    selected
frequency, [err] satisfies the relationship: [err] HP Docket No. 189383
where [err] is the minimum microwave frequency and [err]is the minimum
allowable narmonic number. 15.    The method of claim 11 wherein, the first
local oscillator frequency is selected according to the relationship: 5
[err] 



where [err] is the minimum microwave frequency, [err] is a selected
harmonic number, [err] is the maximum  intermediate frequency, and [err]is
the first local oscillator frequency; succeeding local oscillator
frequencies are chosen to satisfy the following 10    relationships: [err]
[err] [err] where f,  is the minimum intermediate frequency, and N is the
lowest integer 15     harmonic number at which: [err] proceeding to select
additional local oscillator frequencies until the last selected frequency,
[err] satisfies the relationship: [err] 20     where [err] is the maximum
microwave frequency and [err] is the maximum allowable harmonic number.
Docket No. 189383    


