T METHOD OF DOWN CONVERTI NG A H GH FREQUENCY SI GNAL AND A METHOD AND :

- APPARATUS FOR DETECTING A CW OR PULSED SIGNAL Field of the Invention 5 The
invention relates to a nethod of down converting a high frequeﬂgﬁ.?sfbﬁﬁifg
and-a net hod and apparatus for detecting a CWor pul sed signal .

The i*tention is particul arly ‘applicablle for signal detection in nicrowave
.10 counters that can accept either puIsed or CM/(contrnuous mave) m cr onwave

i nput signa a“k o o n 5 e ~of _a mcrowave
'frequencre A M} 5 « DNGaASC ot : 'hf[Gnency -
“conponents, e.g., drodes requrred 20 : In many types of mcrowave
~signal measurenent instrunents, the nicrowave input signal is down

converted tBield @f the kn¥entiengnal called an intermedi at e frequency (IF)
signal, $efore the neasurenent is made. One way this down conversion is

done is b har i cal l Xin oca iI.lator, signal (LO, with the

.ntcromeveylnput ?gnﬁygngéﬁgrg?ﬁﬁkeFOQBOﬁnm8§ﬁ9grPftﬁ@wﬂegPF¥ rEiBgofave

~ signal fr ectmglmy ﬂrmymnasyo saigreedb| anidF aangethm]nwrld) fapparatuses foust Obeb
used. n e o 40 L
-frequencr es m Jh%l %% use ngl?hréésstgié r?#'gr nst rﬁﬂng%%‘} g‘t;%n(?_‘ﬁ'gct i on

can be don@mtiwzwlm gpaﬂlpabher ftqrarsisnalhedﬁecmxmmsr phgrowAvecver,

wWith mgpi r&ant&fé eguaRcicisn ddept &igRak ?meeta PreyR Resntihubtign the
m cr owave Sléﬁéh resent For 35 repetitive pul sed or persistent CW

m crowave st éMl? %wﬁﬁﬁveﬂPPBnﬁtgﬂétﬁod of signal detection was to step

e : ’ Py p
*. n!le (At v ._L .

. through each of the available LO S|gnals while nDn|tor|ng the IF

St - packground of the Inventlon

'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 mlcrowave signal measurement
' 1nstruments, the microwave 1nput s1gna1 is down converted to
" a lower frequency signal called an intermediate frequency
(IF) 51gnal 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
aiways 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 1O frequencies, e.g., 40,



~detector. Wth a Iarge nunber of LO frequencies, e. g., 40, 2 this
" procedure takes a relatively long time. Another type. of m crowave .

measur enent i nstrunent uses a preselector filter, for exanplé a YIGfilter,
. tolimt the 5 bandwi dth of the m crowave i nput S|gnal prior to harnoni g,

m xing. I'n this type of instrument, the f&equency band of the filter JSxJ

st epped t hrough the m crowave frequency range while nonitoring the I'F .

detect or. Thi s -procedyre takes an e gon er_tine for signal det ecti an,
because of - t H}SRFEPIRANES| a%?stﬂerﬁiéF Yav¥ %PBHUE%E? range to the

filter fLeqUEnfy range. For ? m crowave signal range of 500 MHx to 50 -
GHz, 15
e e BaBEBSE S br Gyl iAol e TPt EbERY) hEe 10
“above add. siamympressadtor Eikter t ifiox exqmpledal BEC rbld ter dpedtimdt the
automatic ge ﬁfd‘&ﬁ of Efle FMIPT: Y ut?“é’i&g@ﬂ ﬁeiéfe% hhﬁrm%‘i'cd be

-desirable to reduce the_ si. naI ach|S|t|on t1 mes I nvention provides
a method of JdBWRSnverkR | e dRstEpmenivathl frequency dand of

| frequegcy rangeatﬁptérrfé éwedrmmmmymgmmwesm@éﬁ uem@e
‘range by mixi ugNCY. arnoni
m ni mal nunbéagb ﬁg €$$:Hﬁe Q@é% alsm§4%ﬂ3¥qg dtﬁﬁfﬁhEWby
~ range, the sexveml Iamlert,nee £or t$ignack getection f rhagmxaglqi el Jagigesen
So that ajol eastion Ay fiffroffavec gt Fegienel tPEm%SCOﬂg 'tﬁa@rffrwency
' _signals w convert any signal in the yency range to a's
in the secondf¥eERRRAYyTRBHGe. Tﬁ@rlﬁthFFSWaVGrFHEPa r 5aNges of $OOh

wi de- band to 20 GHz, with a filter bandwidth of 100 MHz, almost 200
steps are. requlred. s L\

15 . The long signal acquisition times for the  types of

~ detectors described above add significantly to the time
requlred for making repeated automatic measurements. . For
automated test equipment systems, it would be. des1rab1e to-
_reduce ‘the 51gna1 acquisition times.

20 ' '

‘The invention provides a method of down converting a .

high frequency signal within a first frequency range to a

first 1ower frequency'signal in a second frequency range by

mixing the high frequency signal with. the harmonics of a |

25 minimal number_ofISecond.lower frequency signals-within a’ o
third frequency range, the second frequencies of the second N
- lower frequency signals chosen so that at least one harmonic
of at least'one of the sécbnd iower frequendy signals will
convert any signal in the first frequency range to a s1gna1_-

30 in the second frequency range._ '

The invention_further provides a method of.wide-bandu
signal  detection of pulsed or continuous wave microwave

~ input signals in a_predetermined micrdwave 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



signal detection of:pul sed or continuous wave m crowave input signals in a '
predeterm ned m croWave frequency range, 35 without using a mcrowave

si gnal detect or, conprising: selecting a small nunber of |ocal
osci | | at or frequenm es, so that sone hargonic of at |east one of the
B ocal™~0sti | | at or frequenC| es wll conver® any signal in the m crowave

-frequency range to a signal within an internedi ate frequency range; 5

sequenti al | Xin a t he . sele I oc osci l | atqr ,freguencies -
Wi ? h the mjé?%%a ‘?%’pg?g‘é?gfﬁ?q“%’h%ﬁ%%mﬁﬁf %%Hﬁcéa' Bteni xi ng
‘to a first nitcxovave sﬁrmﬂexwey rangenter aeslignal fw:etﬂuhma;n ingezmediatdl

~ “deternine #ie {aﬁ&ermedl ate - frequency -signal .is produced; _
~applying the s gna? pro ckd by nixing to a second detector sensitive to

internedi ate frequency signals to .15 deternine whether the internediate

frequency Si gnakequenBdhi8y OmiSalHg NUGAShVA¥e. Tip | NWENbieEaal $8cRAOVI des
pul sed or conti puous wave h

apparatus for ban nal , det ecti on of igh
frequency ¢} yﬂﬂﬁ%‘f’"’él%ﬁﬂ ?‘P‘ﬁl%? &’(,JBEFE‘FHWIQHW‘F&ﬁ 1nRYEhtgnaingand S
W thout- using a microwave signal detector, conprising: rreans for glen_er_?tl ng
a | ocal . OSCI I | a u rQQram e le nerat .l oca
oscillator %ﬁélgiﬁgl Sgﬁgf rsgL alsegfgg‘agsa %ﬁ hﬂ% ?ez%t %6 L

har moni c ofd%lte‘]:%%t S@I@J&l\t%etbodaitamdiaite)rfteqqeanm esigndls chovert

any si gpgl dé\témlﬂéedﬂi@éﬂéfedaml Gt SEEnRe ' #1WRddhdy Sisd! %«iﬂ' a1 &Q' nan
‘i ntermnedi at e. fé qu$ncy range; means for -~ mXi ng eac
local osciPFYY f equenci es vm th the h| gh frequency input si gnal t o

produce an out put signal;

v : applying the s:.gnal 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 osc111ator frequency,
programmed to sequentlally generate local oscillator
25 :frequencn.es 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 1local oscillator
frequenc:LeS w1th the high frequency 1nput 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 -



first detector neans responsive o t.he out put signal, 35 and sensitive
to_internediate frequency ‘si.ghals, :.to determ ne whether the output
‘'signal is an internedi ate frequency signal; and second det ector neans
responsive.to .the output si gnal ,-. and- sensitive to internediate - 5
frequency signals, to determ ne whether e output signal is pulsed orv '

©continuous wave. 5 A small nunber of properl y sel-ected LO frequencies can

~down convert signagksoRdcietBetB8Rt hb&ndl EéQ%Yx%ﬁréeﬁbe'&ﬁ)é AP t #{gnai, |
partl cul ar enbodi nent ¢of ., the invention usges tvvo I'F det ect oris et erm ne :

“if a mcrowadd; gﬁ%l‘s?%lﬁ?esé'ﬁt iterpediake | (IFQIUSRRY s & si Fal -
The input m cevesitine oMréther deve cutpiet tecigrial dis PalSehdr ¢ontdnuols

-exanpl e, .* . ‘%)nl c heterodyne down conver si on. Wth a small number 15 “
~of selected frequencies, 'signals. over the entire mcrowave input
range are %own converted W|th| n the IF range. For -.exanple, to down -

| ~convert microvaveai gRugSh Fﬂﬁjaf: b# ?QSgéﬂ 09953f1e9t5dt i.ozgr%ern?u%% U:n

range of 20 to 140 MHz, encies are require

si gnal acqui s‘??%ncPééf&FFe§5c9¥&9f§ neVer! ¥ q’é’ﬁ eﬁﬁﬁﬁ@?’é&’er éﬂ?&ueﬂ%

the entire setageavail able LO frequenci es Description of the Drawings

Figure 1 is a sinplified block di agram of the m crowave Si gnal ~detector of

the 5 - |nvent|on : .
10 A partlcular embodiment of . the invention uses two IF -

detectors to determ:.ne if a mlcrowave s:n.gnal 1s present, andl_
"whether it is a pulsed or CW 51gna1. ‘The input mlcrowave_'_-
. _s:.gnal is down converted to an IF s:.gnal us1ng, for example,
harmonlc heterodyne down conversmn. o Wlth a small numberl_-
. 15 of selected LO frequencies, signals over the entire
o microvha_ve. input range are down 'ccsnverted' viithin' the IF
range. For éxample, to down convert mlcrowave input
s:Lgnals in the range of 0. 5-to 20 GHz to an IF range of 20_.
to. 140 MHz, only



Fi-gure 2 is a diagramillustrating the selection of the LO frequencies so.
har nmoni cs down convert m crowave i nput signals over the entire input
frequency range’'to within the IF range.. Figure 3 is a flow chart of the
process _fol l owed by the S|gnal detector to 10 determ ne is a signal is

. whet h th i t f the
FL?Z‘E%?W ﬁeg%ﬁngké@rgfééﬂws& 'snﬁh@cgq%an FeGuiESs ghoaing Rly e
| Ivent i rodnEReY fath Weﬂﬁl"&‘séﬁ)&’?@laﬂb > Hé&deﬁ&e&owe” the i nput

mcrovvave an | ~ signa I nput m crowave si gnal and a

1 owner MMyofstﬂﬂmawM | ocal oscillator 101 are applied to har noni ¢

m xer 102. The frequency of the LQ signal_ is set by a control nal from
m croprOce dgure hds agimRined fiecl diagy "hﬂfrmrﬂ"t%oww? ﬁ!Qﬂ?bC@FQﬁ '?Oﬁmﬁ)i'nes
F‘FOMVG signal in harmonic mxer 102 to. produce an internediate
: equencyrmf) ) signal output The relationship between the frequencies 20
of the inpWRigarey@lis [rdidgrane luStratingathd es"ete}cmonndf the LEC ﬁe@mﬁcxé@rsrd for

m Xin th at the Nth harnpnic of the LOis: [err]
(1) T&@'llpmﬁﬁ Glown SORNBIt; MiGEaWaNE 'BBHHﬁ!Q’@FFe@VES/% qu%uﬁpmfffﬁqu t hen

appllq,gnégtévwml“ﬁ tﬁbgl'?"allan%%t ectors 105 and 106. 25 ) - Detector 105 -
senses |

ere 1s a sign present. This detector can be inplemented in a

variety of Figlte Bnisva flewschdriof thenptatess mﬁ@kedemecthersngml detedtdryton
corrparat or. Detector 106 senses if the signal is pul sed or - This .
16t ecdgtersmineds & signal rﬁ)lpéﬂiﬁﬂte%m whether §‘96¢| q:swa(m@%ys for

exanple with an envel ope detector, e.g., a peak detector with a relatively

'short tine constant, 30 foll oved by a conparator “and a logic circuit.
The: o Hed Dededri ﬁbﬁcdfqhg 1h06ntedrel 106 are sent to m croprocessor 103.
' [é’ﬁ] Detectors 1 106 are capabl e of sensing signals onIy within a

linited |FInehovefermed modl@enﬂ@bmla@ab deletee of the raventiono haoaonieout
L S FRRHOEBRA S cRfteidh 1 bed o BFRK e K AP AIGBHER ORI B P, T
19t heigiedl e Therifput! ifcroWalveasignalfarid a lowarfréquency $igaal from lbcalpseiiyorof t he
|nput signal is not known.
101 are applied to harmonic mixer 102. The frequency of t_he LO sxgnal is set by
a control signal from mlcroprocessor 103. One or more of the harmonics of the LO
Signal- combines with the micrbwaye‘ signal in harmonic mixer' 102 to produce an
'intermediate' frequency (IF) signal output. The relationship between the frequencieé
20' | of the input signal f,, the LO signal f, and the IF signal fe, for mixing with at the Nth
| harmonic of the LO is: | |
g =Nig At - | | (1)
V The IF output is amplified and condmoned by an IF ampllﬁer 104 then apphed to
| ~ two IF signal detectors 105 and 106. ' _
25 Detector 105 senses if there is a signal present. This detector can be
o -|mplemented 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 vane_ty of well known ways, for example with an
. e_n\_felope detector, e.g., a peak detector with a relatively short time cbnstant,
‘30 - followed by a compa'rator and a logic circuit. The outputs from detectors 105-and-

106 are sent to microprocéssor 103.
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LO Frequency Sel ecti on Based on an analysis of how the IF range is mapped
onto the m crowave range by the harnonics of the LO frequencies, a set of
LO frequenci es can be selected such that at |east one LO frequency wll

.down convert any mcrowave i nput 10 'signal in t:he nicrowave range. |r}km
the | F range. Figure 2 illustrates graphically how the LO frequency . "/

sel ecti on pDetextdrs 105<andam$aee capableodf fe@rmgeslgnatsooalyemttsntdtlhnhed rlleave
he three vertical

o th the hi t f t th

o S i ol WL i B R
d | f Il
b oxpa 8 RELE BigHl 6 Tocatéa fn rﬁ%"?‘%‘%ﬁ?ﬁﬁ?@ mustbp defdtiEd o the bt |

m cr ovagaatftoebeedmwomarmmd withinothehif faiRgesoigtheodetettars. iThe protlem @f owave
. frequenci es are uncovered. The first LO frequenc [err], is chosen so that
the mBQUFSH 16 M\Kﬁeéqumn%thqw signg] d%rﬂoégﬁﬁmted within the top of

t he | ‘harnonic: [err] .'
(2) TrFtLeém crl)vvavcysaeequenm es covered by the [err]harm)nl c of the f| rst- LO

~ are shown bBaséd dnvansindslybisnds haWotiniF 28hge 9 enaped dﬁtd&hb&ﬁlér@ﬁév@nd
the | ower side band 206 are, centered around the frecLsncy [err] and are
separ dapgephy e barmonigs ot the) LQ jraavengies; imset of [LO fréqyansiestran e o nd

LO fr t |

o oIS U fot 2 RS 86 delendywile vﬁ?’w@f ARY fitcbde gt o
10he 't @igndl inhiheumicrowvave rargjecintd dfie Ilarrdnge.st overl aps the bottom of the
| ower side band 206 These rel atlonshl‘gs can be expressed as:

lerr] HP Do‘é'ﬁé'{e Rdllustestes graphically, havy tegdd? rreﬁusacr selection Pf@ﬁﬂgﬁ tHe -
oo e S o Bl R BRGSO ARV RS
bot t ofrejubndyast tR8%op. tTie Yeendetticafl commwmﬁszozahﬁd maldeg;rﬁghﬁaﬁye . °
2?3 ebf;tgé’gfs%ntt htfe'reI r(t?t\:/\c,:?'owsalvgefrebcﬁat?ednc%eos6 d(c)al:rvnt ggnveerteu wntﬁrrnnt'hrg ICF ?gnge by thFr)e)e :
15 LO frequencxes As wrll be explained below, these three LO frequenc:es are chosen =~
 sothe bands of mlcrowave frequencaes converted to the IF range overlap, ie., no_”“ '
mlcrowave frequenc:es are uncovered ' - '
o The first LO frequency, fon IS chosen so that the maximum microwave -
_ o 'frequency, fux, is down converted within the top of the IF range at some high
20 harmonic: o R o | o
o e = Nuasfior S Traae - @
The microwave frequencres covered by the Nm 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 N fu,,. and are separated by an' -
25  uncovered region’ 207 that is 2!F,,,. wrde ' _ ' _
- The second LO frequency, f o0 IS chosen so that, at the- same harmonlc Nm,
* the microwave frequency down_converted to the top of the IF range is just above |
the top of the uncovered region 207, and just overtaps the bottom of the lower side -
. . band 206. These relat:onshlps can be expressed as: -
30 N fm,-t-f,,,,_,,sN foo + feme: : o o {3a)
B Nuotor - frme = Nuofice + fome | B @b) - -
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.210 of the next |ower harnonic of the first LOfrequency Thi s can be
expressed as: [err] (3c) [err] 10 - \When
rearranged, equation 3c is the same fel ati onshi p as equation 3a, so it is

already, satisfied. The LO frequenci es Ineed to be checked to be certain t hey
sati sy equation 3d. In general, the relationships for two LO frequencies
can b&alviggenuation darfpr Iz, gives 'the second Lex frequency The result should be

\oacheRel LR 4B 48318 sdsbry TR0 RCICES bk bARS YRR e skchfpe |

'the beQ edvers régioHra®?. Side band 210 for the second LO wi-ll equal the top:
‘of the |lower side band 211 of the first LO This situation is graphically
shovvn in tﬂéreanuom sislet band G09rvigthessetorehLO frequendysmust also coverithe gap

- | at ?’8%5%‘}9’%" 'g“tﬁg:ﬁléjeb 3@?@%@‘?35%@5@;1 %%ﬁ 5 t@%nﬁof}/\gruptpﬁ Hidband®
(4) S2|m'é\‘9tt'fe0he§lerdv¢erahéﬁﬁ\§nléhtﬁ‘ theXfirst L fre % i Eﬁﬂlb?‘eﬁil Fe%sgg

determned, simlar to the way the secon ency was term ned:
[err]aSvar ng for [err] gi ves the third LOfrequency Again, the result is-

that, at this h ni ¢ ;nube! }hl rd LO upper side band 212 cogaers t he
gap left by the @ bafﬁ&s-f €'Fhig rst and second LO frequencie C)Thi s
process can be rrpeal 4§ Ung igl eNI gend of the mecrowave freq y- 30
range is reacheé or unty| '71"‘8‘ O\A&fmusﬁ'ﬁ‘le har moni ¢ is reached. t he

' 10owesWharr rlearrengedr muamdnf&css thei sarae _telationBhipa ag eequatione 38 Osoaitde nust
: belnc ] eLOse esrepeated if the

desi r@ 5“%&%@ H-Bﬁtf& ep1§|qsd1 Bﬁr‘@@‘-’ﬁ?é to he canain ey satislyhe

Ia t 5? gﬁ?hlggfrequency [err] extends to the | ower end of the microwave

range before the m nimum harnoni ¢ nunber [err]is reached, the .

rel ati onshlrp generale the pelatiorships for two LO frequencies can be stated as:

. NfLOn + meIn s Nfl.OnM + lemn ' ' (33) :
15 | _ wan = femn 2 Nfgosy + frmn B ' B _ &)

.- The next question to answer is when another LO frequency will be- needed.
At some lower harmonic N,, because f,, is smaller than fw,, the bottorn of the upper
srde band 210 for the second LO will equal the top of the lower side band 211 of -
~ the first LO. This situation is graphrcally shown in the middle sectro_n 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 poirrt can be expressed as:
Niior - Tran = Nofiz + frmn | . @
W Solvrng for N, allows the next, i.e., third LO frequency to be determrned similar to
the way the second LO frequency was determrned
25 Nifie + fema < N + frne o o (5)
- Solvrng for ., gives the thrrd Lo frequency. Agarn 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 microwav'e 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,
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5 Cf r5equency around

5 . | [err] - (6) This |
situation is graphically shown in the lzower - rrght corner -of Figure 2, where-

" the l'ower side band 213 of the final reaches the | ow end of the

~ microwave frequency range. The pr ocess of selecting the LO frequencies s
. could also be started.at the 10 | ower end of the microwave frequenc g«
“range, ang/thegLOo Sﬁlgﬂtmﬂ POCESS fﬁpeﬁtﬁﬂi\)feﬂ'ﬁr@aﬂ%m OétfﬁYeHFBHbFaﬂgﬂ ¥o

. nunb Th d

o onte FoeRrs Ao BkeBER 6 A ThELFRAIER L febOebb JumReieRte g
‘the "ValfkoEPeﬁBUéﬁm%rérBWa%%ﬁQd'f.[;],gbéfd?etthbfm‘hi?ﬁumf harftonTt CIUpVBBrENals0e
down were derived. 15 An exanple will further explain the process

- for selreached, meerwomrmoanrquceased #r a nicrowave frequency range of

0.5 to 20 GHz, g%nIFranFof 20. to 140 MHz, to obtain a first L _
%Wes a harnonic nunber [err] of 83. To eck

t hat Seﬁ'ﬁé %&uﬁﬂ‘éﬁ s fg?aéﬁﬁaﬂy‘@hbﬁhkiﬁ theolower tdd?ﬁeﬁ of Figure'2,lwhére the:

[e [err [err]m'o sel ect’ the second LO - ..

fr equerlmyer siclesband memfttherﬁnal LGr reaches the endtofrlge mcrqwa)m‘raqwm for

'[err]175M-|z and [err] 350 MHz: 25 - [err]

| . (8) [er"?{' err] Roundi ng up to -assure coverage set 't he second LOfrequency

1o 348.6 Wé“%fbceé@%%t@&@%@ﬂ@%@emwcehdt BRO"BY sthitsd satngrded .

to.preven - gap, solviing equation 4 for [err], again substituti ng
Kitown dowvet iendest tr[eemtq‘.rowave frequency range moving to h:gl(\g) LQFarm)merowe.

'gg\?g?gé@ \.[Q%:Kt%géﬁt%l gi ljler armonrc fum ers 'l"hnt set of eq onsf'ooréecfeﬁfciﬂ Jthe
LO frequencies and harmomo numbers for this set of frequencies can be- denved.-'-_ -
similarly to the way the equatlons for proceedrng _fr.om the top of the mrorowave |

~ range down were denved | | . a
15 - An example will further explaln the process for- selectlng the - set of LO' '

| 'frequencres For a mlcrowave 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 Ny of 83. To check that setting f,o, to 350 MHZ works, solve -

L equatlon2forf|_Im L e L

20 e 2 (1/Nw)(fm - frne) o . @

| - 350e6 = (1/83)(20€9 - 140e6) RS
350e6 2 239.3¢6 _ . _

To select the second LO- frequency. we solve equatxon 3 for fiee substrtutrng the

known values for N = 83 ... = 20 MHx, f,,,...- = 175 MHz, and f,, = 350 MHz -

25 | fee 2 (1 /me)(Nmfwa + femin = femed o | : (8)
S P (1/83)[(83)(35086) + 2086 14086] : :
3485566

F{oundrng 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 Ny, again. substituting . known quantities:

Ne 2 onllhion - fod S IR S
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The third LO frequency can be det er ni ned by usi ng thls harmonic and [err] 5
simlarly as done in equation 8: [err§ - (10) [err]

Sol vi ng and roundi ng up, the third LOfrequency, [err] is set to 344.7 MHz.
- Repeating the process in a similar function for the next LO frequency, 10

subst‘r‘t‘utlng I NNSOY 8 nunber at which a fourth LOis
needed i s N"l%‘3 aratédtzegﬁltutlngln ej(:quatlon 10, the fourth [err] :

_ ‘frequency i's [eN,]>:28%SZ 8 MHz: Again repeating the process, the harnonic
nunbek, at whlchg LOis needed is N =4, and the fifth LO frequency
i's [evippe Ngnust be an rﬁsgﬁwpune YR 39 ABALTE RBVAragBeandsiNar= 291armoni ¢

Dol ow t he e it HE Fquérky Saf b Befgmtied B tsihg s hafigHE G B Mol
S th similatly a@s donéenrdquatlon 8 (6) [err] 20

{err] Thus covefage th the fifth LOfrequency extends down to 467.6 Mz,
whi ch i's bel owg.ch HXMMNQ&N::&* feeudmed of 500 MHz. !For this exarplk,

signal detecti can Ve equenC|es sel ected: 350
Mz, 348.6 M—Izof]"%4% 9%@@%“33@6 ék@éll-iz . Operation for
Si gnesolﬁageamd qoumding Lpyvttee thitd €O fre Rguencﬁf B/\8etl WMVEMHZOH procedure.

The proce e det erm nes whet her an I s present, then if a signal

i s found, %@tfﬁ&égevﬁé@qﬁﬁs in ass'@“%’ulf@é@%‘r fanthe gext LOnh &riequesicynal i s

10 04" bl P 8B 0151 YilForlco il Sy W 8 i, LB38 APl ©7,
bl ocié 3081,t and Isubstinetind i lecuatoni 10 meqwhﬁckedﬁe?ger@} isar.‘lt,hwatssls an I F

signal s detected The 1ocal oscillator is set to e first LO
r qLMHéy at block 303 and the-détector 105 is checked for an IF signal in

ggfiaiit gg lXé’é‘ih rbeatihy e 'p'?oéés%nqne Rarfiioris mbérhSt ei'nch a ﬁ%eﬂdency 's -
needed is N = 4, and the fifth LO frequency is fes = 303.8 MHZz. _
15 _ ~ The next Lo frequency woulid be needed at a harmonic number of 1.33.
| However, the side bands of the fith LO frequency extend below the minimum RF
| frequency at harmonlc number of 2 This can be shown wnth equation 6:
Nunfion = fema < fran : (6)
2(303.8¢6) - 140e6 < < 50066 |
20 467.666 < 50066
Thus coverage wuth the fifth LO frequency extends down to 467.6 MHz which IS
o below the minimum RF frequency of 500 MHz.
NS For this example signal detection can be done usihg 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.-signa'l is present, then if a signal is found, determines
whether it is a pulsed or CW signal. When a' signal is found the measurement
; : lnstrument is set to the correct mode of operation and a measurement is taken.
éo o 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
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~at bl ock 307 and the detector is checked again. If an IF 'signal is
" detected, at block 309 detector 106 is checked to determine if the si gnal

is Pulsed or CW and the LO5 _f'reqlﬁgncy and the nature of the signal is .

-stored at block 311. At.decision block 313, if not all the IF frequencigs

h b t he | I /g d
e R AR oyl 55k 30 48 e LB IS B AR Y beéﬂﬁ"’ "
| checkegh deeRridrPbldtke365. @ eE isidria id betdetéd, the mextnLD freuéddy is éeleotebF
'signal was detected at any LO frequency, at block 317 an 10

nessaget bioae807 amattheodetestorjs shecked again Hian \F eeaaklsstﬁectieﬂ ahblqck

 arier oA GetpRloTolEn PN o BRGHTINd TR & %%@ﬁ%ﬁ%"éﬁ*t*%éﬁ@
- T 5equeRgiRiengy Al e Fiatlire 6f tRY Sighel RCstofed tab bieeK B1m t he. exnstence and..
nature of the signal. This is necessary because, f or exanpl e,

det ect Mt sdegisiancblosk 313, finateall the b fequencigsahaveribess Gh?qﬁk%ﬁ ftherleﬁel

P e cagglor 8. S AR LT fobBnlahR S 160, B08R Blokie g e

+ har moniyg S:hgf I¥ g hb@ésrahééftseﬁuenw@d Quetittdlpasses et tletiSidi BlboknGi§s - Ry
produce etected | F signal. any of the |IF signals detected and stored

i s a CPbsirgblck ﬂ'tﬁ;llﬁnOrinslgoal wes etedtedatanysLOSrequanays ab birglks 382 8N o

86 pr gaﬂé%gﬁ%ééﬁé b2 Fonr papes Back IR franidds B0 1t B P HBfE G,
bl ock efe%%%édcgaﬁ frol phéséd %hﬁbm 85 36 Hecisionbiadk 81gher the pul sed

nature 1's con or an error is found and the process started again. At
" bl ock 321 t tAfteroth fiostc deteation iof a «ignal, ehseeond chedks iscfirde at tther LO -

| o/
P o cfbckpriissnat Which, Slai e capbdBl, At Sonfh 4 Shefdiics, at%*’%?%%ﬁ%ﬂﬁf es

that p 3.3% Uétgﬂaﬁw ThisSisd Wféc&sage?e Heeadss,h fsrk eampte, ditiee IFT ditdcturs dostiaieon-

. bl ock | ocal oscrll at is set to the next LO that produced a CWIF
gisgnal diffarentlpdar BF7sigaals mnred vithrdifferent hasmpnissiof3Q signalsobesqusethe i s

boon - HEREEt e et 1458 SACRT 5 Flos By oec LR W BRI TR BT " .

the st %F%rra?” Bb&slse’the hhﬁ'hbhrcst of tHe varided/ E(ﬁﬂéﬁuéﬁmé@@%ﬂéd sévdrabLO 323,

the Si I s confrrned as
' - frequencies may produce a detected IF sngnal

, if any of the IF sngnals detected and stored is a CW signal, decision block' .
20 319 passes cont_rol to blocks 321 to 3_3_5, in which either the cw nature is conﬁrmed_ '
| ~ or an error is found and'the prbcess 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 S|gnal At b(ock 323, detector 106 is checked for a cw srgna! present.
¥ no CW signal is found and not all the LO frequencaes that praduced 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}:-; _.
I returns to block 323. I no cwW 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.
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- block 329. Control passes  to b( ock 331 so the measurenment instrument is set
for CW node and a measurenent..is taKEn a{( bl ock 333. If only pul ses signals

.- 'were detected, 'a sinilar confirmation procedure is 5 foll owed in bl ocks
©335 to 351. At block 335 the local oscillator is set to the first LO

frequeficy. IfrertCWrsmabcls @q&mgddatl plosk 323, theysignalde eenfirmed; as W abe i s

T Rck Sad e SadieR o PBRR it oS pPbsUESREP Mnirler 8 R A 0

. as d#Ot mode atid dami gférﬁéﬂqgﬁgénaﬂmérpggg oscillator is set-.to the

‘next hat -produced a pul sed 10 | F signal, at block 343, and control
‘ret urns tolfbtbnlykpams signals pvargedetepgpchraremiarumnﬁanatm progedure is

'%EEM&&E@ ogks DD 98t 2 biac 308 1o Inchl HEcHEEY i SEF KT the ML EBLL 501

If ag ﬁr@%&ﬁ&ﬁﬁcﬂg Qgﬁélk RBBlock 3375 befeétor 306 W EhecRRY as

-pulsed asses to block 3 so t he nmeasurenent -
i nst rmeatpulsedemgi'\ai present) nlbcm: puised mgnabnsarfeund; ambnoh alltthel &6k 3409.

A devj ce and nethod are thus -ded i ch det ec the pre ence. of '
micr OVBQBe@?'Sﬁéf“ahﬁﬂo‘aﬁ?iq R c$ignaAls; es‘?%F a {é %Er ng I F

det echgL g HiddiS 'm@qgﬁﬁfo&fﬂla't@ gy 'iﬁé fext 2O that roducéH‘a ';ﬁ.l iggreci fic

har dwar e conponent s 'ar € gure for | mpl ementi ng the i nvention,

1guch Posignatnat bloek 18243, aarid. wohtrol netums tddlocks/889. ol mrcpuim signahts on nay
be practiced utilizin ot her suj t abl e har dware onbl I on of

_har dwiaundanand oall taeeLO frequengies jthat moﬁé’?ﬁ@cis'ﬂ?e Ve PeeMhi gh
fr eq”ﬁﬂ%keéd gél@ %ﬂrt rprbgséﬁe id 8bnt ategﬁ‘ég%ﬂéﬁw&hﬁoﬁrétkfﬁtd Pigestaft’ guency

frequency range m Xi ng t frequency si gnal
h bloekhd@otoni cs of a m ni mal nunber of second | ower frequency signal s

PRGN ECRRE T IGHE UM X RIE e N
1 S S e Y, 6 e e
The ndrhedisedl miodlemand ahseatiurernbnt IS Bikehratchleckc B48i gnal is a
A device and method are thus provrded which detect the presence of &
mlcrowave signal and determine whether the srgnal is pulsed or CW, uslng IF
detectors and a small number of LO frequenc:es ' _ _
20 Whie 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' uti_lizing other suitable hardware, or a combination of

_hardware and software.



m crowave signal, the first |ower frequency si gnal i s an internediate
frequency signal and the second | ower frequency signal is a |ocal

.'-'OSCI||atOl’ signal. 3. The nethod of ct&im2 wher ei n the m'xi ng i s

harmoni ¢ heterodyne conversion. 15 - 4. 7~ Theé nethod of cl algﬁ-Q
~wherein, the first | ocal oscill ator frequency is selected accor di ng t @ e
rel ati MM@ [err] where [err] is the maxi mum m crowave frequency, [err].
i's a selected harnonic nunber, [err] is the nmaxinuminternediate frequency,
and [err] is the first |ocal 20 oscil lLator frequency; succeeding -l ocal

st I ator, Tt cauQGhEa of aiTcdrreritid ¥ Kigh'frebehelisiod Shihod kP>

[err] [err]

inter rrtreqaeacy rrangentoy a firstl lowérsfreqeencysignal it agsscomal frequency rrmge By
whi ch: [err] 'proceeding to.sel ect additional local oscillator frequencres

ufti| mikngbe high frequencyt eenalwﬁnélaellar 'P@F"PF of & mipimal numberffecomchi p

e’ T PR, ram B0 Ridsehin'd Sl HeiBhe) o8 the] AR HociBficlS'ef s
‘wher ei the sEeorﬁd lowet freguency lslgmtl@ thbésensothat atleast orné herrnoaier ofi atdeast t he
reIatronshrF [err] .where .[err] is the m nimumm crowave

" frequefBg, © éhe] secand lower frequenysignals efonyest any signal iRath
Sl Al L eaener:
- 10 2. - The method of clalm 1 wherem the high frequency signal is a
mlcrowave sngnal the first Iower frequency s:gnal is an intermediate frequency srgnal.-
'and the second lower frequency srgnal is a local oscillator srgnal :

‘3. The method of clarm 2 wherem the mrxlng is harmonlc heterodyne
conversion. - ' .
5 a The method of claim 2 whereln, _
| - the first local oscrllator frequency is selected accordlng to the relatxonshlp

fux - N fw, 3 S . N
where fux is the maximum microwave frequency, Ny is a selected harmonlc_ -
| number, fen. IS the maxlmum mtermedrate frequency, and fo is the first local o
.20 _ oscrllator frequency; o |

succeedmg local oscrllator frequencies. are chosen to satlsfy the followrng o
1relatronshrps o | | .

Nfo, + f,,,... < Nigns + frna

| Nficn - frme 2 Nfonss + fenn
25 - (N - Do + frme 2 Miones - frum |
where f,., is the minimum intermediate frequency, and N is the lowest rnteger |
harmonic number at which:
N 2 2plion - fo)i
; proceedrng to select addmonal local oscillator frequencies until the last
30 -selected frequency, f.., satfsﬁes the relatlonshlp

NMleLDn - fﬁm = fnm

A O
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10 relationships: [err] [err] [err] where [err] is the m ninmum _
i nternedi ate frequency, and N is the”l owest integer 15 - harnonic number

~-at which: [err] proceeding to select additional |ocal oscillator

frequencies until the last selected frequency,. [err] satisfies the

rel atonship:.[err] .20 where -Jerr] is the i mum m cr owave frequency
a1 BB o i e micitn: FRTARRLS £ 36k Rlen 15 §he Minmu; Hlavahie
- W de- Barfoficomambegt ection of pul sed or continuous wave mcrowave input
- signals 1n a predeterm ned m crowave frequency range, w thout using a

-m crowave §ignal The enéthod ofocipin @ wherdll, - ' sel ecting a small
“nunber of b-_'ocgl cisci || at.or freguencies, so that some harnonic of at |east
one of thelfl&AEt 18R pscilaser fregiaary it selgrtad acsrreling tmiyhe relatienshipi he
i crowave frequapcy rapge g a signal within an internediate frequency
range; sequenti a™\y*'m ¥fg” eMth of the sel ected local oscillator o
f r equwhereef,,\is the tiinimuey microwave fréquengya,,, isreiséleciedharmdnic nlassss
C . ..M S . * applying the signal produced by mxing to a first
det eclrex 8 e MIpdmum i'ﬂ%ﬂ?ﬁ{ﬁtﬁt Fequenaye rand diog it Ithet Frstidocalpacillatost her
‘an inﬁg Late frequency signal is produced; applying the signal produced
by m xing to'a second detector sensitive to 5 - internediate frequency

si gnal s t osdetending dockk beeilaton efrequienciesiapd chosen U extisty amel followig sed or
cont.i nexqous wave. 7. The nethod of claim 6 wherein the nunber of |ocal _
1@sci | TelAtANSNIRS uenci es sel ected is the m ni mum nunber for a given microwave

f.requency rangethionn.g Q‘Frmrllegiﬁfgﬁf-_rﬁﬂgencyﬁ range and | ocal oscillator -

o Nfo F feme s Mgy - fr
| N+ 1o - e S Nfionss + e
_wh'er'e' fema 1S the minimum intermediate frequency, and N is the lowest integer
15 harmonic number at which: o
| | N 2 feflione: - fiod: |
- proceeding to select additional local oscillator frequencies until the last
selected fréqu,ency, fion Satisfies the relationship: B
| o fuk - Nufion < Frnae
20 = where fuis the maximum microwave frequency and Ny is the maximum allowable -
" harmonic number. I | |
| 6. A method of widé-ban'd signal detection of pulsed or continuous wave
N ‘microwave input signals in a hredetermihed microwave frequency range, without
| . usihg a r'hicrowave_sig’nal detector, comprising:
25 selecting a small -number of local oscillator frequencies, so that some
| harmonic of at Ieast'q'né of the Ioca.l. oscillator frequencies will convert any signal in
the microwave frequency range to a signal within an intermediate frequency range;
| sequentially mixing each of the.s'elected local oscillator frequencies with the

microwave input Signal; and

| NN A WP Doctat . 188383
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_1_0 -frequency range. 8. The nethod of claim6 wherein the mi cr owave
- frequency range is 500 MHz to 20 GHz, -the internediate frequency range is.

720 MHz to 140 MHz, the local oscillator frequency,range is 250 MHz to 350 '

. Mz, and the nunber of |ocal oscillator frequencies selected is five. o
- 9. The net hod cl.aim 6 t he. f t || atar..f '

" i.s selected Pgi ﬂlf t%gf‘ﬂepir% ‘3‘5?6%3% 'Bg‘"'lglars awﬁé?ed(f)ﬁ?#?r %gﬂ%ﬁger ﬁ&(‘%ﬁ% .
omcr OWSrrﬁéﬂﬂ@ﬁﬁﬁuehéyB rials éélbﬁ‘ﬁfn%q”ﬁélhﬁpah ‘iht@Hﬁ@Gi"ate fr@éﬁéncyssrbhﬁl '

maxi mum | nt er nedi at'e freq@ency, and [err], 1s the first |ocal
osci | | it produesgiency; succeedi ng "l ocal oscillator frequencies are chosen to

tisfy the foll I

 Shere Lerr] aPPYIRG HibnSIERA (ARBHAEY B BTG R ALFOCaRRY detPof iReTstiRalo |

. 1 Btegefny W qﬂgegﬁé

_Igcal !‘)sgﬁf‘ggilt% r quecrY’j1 g@@n?ﬂ I’@{?ﬁ]"f ast ﬁ%géeﬁrétcﬁt 'aiartgﬁéeéucy, [err]

aztrsf[sgnd]ﬂmpu:sed oorwmhpuoperwavﬁP ]IcDocket No: 139383 * C Lh M S
ere [err] s m ni ve_frequen t

. al l onabl e hdr moni BY&\URE: °d1 F éwarﬁ'h@ H&%ﬁ%ﬂcgﬁagpﬁp lesﬁlref ons}q[yétqq st

5 __I ocal ﬂﬁghgh Télé@@wﬁg%er ﬁurﬁﬁhﬁﬁ% 9 felio the rel ationship: 5.

err] I mum m cr owav.e uency, [err] is a sel ected '
har monmicn::w:msr fréquericy sahge, rirwennedratertkethcm earhgeqamdclpcahmscillatcr]

458 T habuency range. || 2tO" o
8.  The method of claim 6 wherein the mrcrowave frequency range rs 500_ _ |

-_ MHz to 20 GHz the rntermedrate frequency range is 20 MHz. to 140 MHz; the Iocal' ' \J

oscrllator frequency range is 250 MHz to 350 MHz, and the number of local oscillator -. -
_ frequenc:es selected is five. . ,
. 15 ‘ - '9.-  The method of claim 6 wherein, | g |

~ the first local oscrllator frequency is selected accordrng to the relatronshrp

| foax = N s [ _ . , o

‘where fy is the maximum microwave frequency, Nm is a selected harmomc _'
- | number, f‘F,,_, is the maxrmum intermediate frequency, and fo is the first Iocal.'--
20 oscillator frequency; - | ' _ |
' | succeeding local _c$cillatcr frequencies are chosen to satisfy the follqwing o
relationships: - | R | |

_ me+f,,,...s me.,+f,,,_
Nfon = feon > Nfionas +f.,,.... -
25 S (N-1)fm+fmame,-f.F_,.; | | |
where fg,, is the ‘minimum. mtermedrate frequency. and N is the Iowest |nteger - -
 harmonic number at which:
N 2 26/ (fion = fiones)s | |

. proceedrng to select addrtlonal local oscillator frequencles until the Iast--
- 30 selected frequency. fion satisfies the relationship:
| C Nunfion - fome S fun
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frequency; succeeding local oscillator frequencies are chosen to satisfy
the followng 10 @ relationships: [eBr] [err] [err] where [err] is the
mni mum internediate frequency,-and Nis the lowest integer 15 . harnonic
Aunber_at which: [err] proceeding to select additional |ocal oscillator

o S 810 PG RSB N e U 2B oy ana

[ err lndrindri€ niibefum al | owabl.e harnoni ¢ number. 11. Appar.atus for
wi de- band signal detection of pulsed or continuous wave high frequency
input sigritls inThepmethad ofickain Giwhertinequency range, without using a

‘'m crowave signal ,detect conprising: 25 o apns for.geperating a
ocar - aeciteoitat e Seciaer ReBiari 8 seferted ancnrsing B B iddtihig
gscillator fregNenei es franga set selected so that at |east one harnonic of

" “at least one of the |oCal oscCillator frequencies will convert any signal in

-t he prheretfay is thedminigium maigtawave frequencyy Ni.d$ @reglectedihamanic numbesdi at e
fregyenc

oo o AR, el AR R & e e el |
. Si gn_q}e_'qldéﬁcgl first detector neans responsi ve to the output signal, and
sensitive tOo irnternedi ate frequency signals, to determ ne whether the
out put si gsukiceeding) localcosailEtar dreiquenaiescareschosen tansatisfy dhe followirigor
ans_responsi ve to the output signal, and sensitive to 5 I nternedi ate
1 reqﬁ@%@?%ﬁ'&ﬁél s, to determine whether the output signal is pulsed or
conti nuoUs WAVENE . - e 2 Nforer = frnes _
W C No + fee = Nig, - frm
o (N + 1)on = frmee £ Nignss + e o
~ where f;,,..,. is the minimum intermediate frequency, and N is the lowest integer
'15  harmonic number at which: | o |
| N 2 2o - ki
" proceeding to select additional local oscillator frequencies until the last
selected frequency, f.,, satisfies the relationship: | -
| fuax = Nuofion < fs ' : )
20  where f, is the maximum microwave frequency and N,w is the maximum allowable
~ harmonic number. _ | - _ o
11.  Apparatus for wide-band signal de‘cet_:tion of pulsed or continuous wave
N high frequency inpi.nt sign_als ina predétermineq_l high frequency range, without using
" a microwave signal detector, comprising:’ | | , -
25 | ' meahs _fof generating a local oscillator'fr_equency, progra_mmed to sequentially
generate local oscillator frequencies from a set selected so that at least one
harmonic of at least one of'thé- local oscillator frequencies will convert any signal in -
the predetermined high frequency range to a signal within an inferme,diate frequency
range; o | -
30 ~ means for mixing each of the local oscillator frequencies with the high
frequency input signal to produce an output signal;_ _ |

_— .
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12. The apparatus:of claim 11l wherein the nunber of |ocal oscillator

frequencr es selected is the mni mum nunber for a given high frequency

range, internediate frequency range and Pocal oscill ator frequericy 10 _

. range. 13. The apparat us of claim 11-wherein the predeternined hi gh = g~
‘frequency range is 500 MHz to 20 .GHz, the intermediate frequency range-insg
20 MHz to 14firstHdetectar Imeansoeespdnsmer ttbrthere:rutput asmalr, sarxb Osenditiveo t650

Mz, and th | | illator f
e . Hecloncl! o, ncoglemine, WHEhE; 80 BHGE sl g7 an
. frequeqﬁkrh@@&geﬁv\gveﬁﬁg igl0ah@ the relationship: [err] where [err] is

the maxi mum mcro ency, [err] is a selected harnonic number, =
[err] i s t hsecand rdeteclcremem$atasp‘cnsq@etmthe autpptsignals andesénsitive: ltocal

oo Tl RS Vo BB e M SO IRSS

[err] V&Iﬁ'&ﬁulo%%rr]vallé the mni rrumrnterrredr ate frequency, and Nis the:

| owest T nteger harnonic nunber at which: [err] proceedi ng to select - -
addi ti onal |t2al. H)'laer apparatus r by olaimi 44 wheréint the nambei0of losall estittator -

et aydnded eidct “ééléinéllﬁllsﬁl%{; SR b N [ o (7St e l??rﬁﬁf’ :
1" T AR ot PRl B oS e
[¥0r] range.
13. The apparatus of claim 11 -wherein the. predetermlned hrgh frequency. )
-. range is 500 MHz to 20 GHz, the mtermedrate frequency range is 20 MHz to 140 U
,' MHz the local oscillator frequency range is 250 MHz to 350 MHz and the number | o
- of local oscrllator frequencies selected is five. ' T
g 15 - 14, The apparatus of claim 11 wherern
the first local oscrllator frequency is selected accordrng to the relatronshrp
faax = Nmf,_o, < f.,,,_, '
where fm is the maximum microwave frequency, Nm is a selected harmonic
. number feme iS the maximum intermediate f_requency-, and fw‘ is the first local -
20  oscillator frequency; | o o - C
succeedrng local oscrllator frequencres are chosen to satrsfy the followrng g
_ relatlonshrps ' ' '
" Nfioy + frme S Nfionss + frne
B * Nfion - femn 2 Nfgny + oo
25 (N 1o + feme 2 Nionas - frnm |
| where f.,,,,.. is the minimum mtermedrate frequency, and N is the lowest mteger'_' N :
harmomc number at which: ' :
N 2 26 /(fion - fiona)i o
. proceeding to select addltional local oscillator ‘frequencies until the last
30 | selected ,frequency, f,_c,, saﬁsﬁes the relationship: |

NMINfLOl - fm S me
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wher e [err]_' is the minimum m crowave_frequency, [err] is a selected

harmoni ¢ nunber, [err] is the maxinmu I nternmedi ate frequency, and [err]is
-the first local "oscillator.frequency; succeeding |ocal oscillator '

friequenci es are chosen to satisfy the following 10 rel-ationships: [err]
[err]wl€rr] where f, is the .mininuminternediate frequency, and N is the

| oneswheredgeis the minirhemmmicrowavebieequencyhamd :N,j.cisrthepminimedi atiowablee! ect
addi tional |ocal .oscillator frequencies until the |ast selected frequency,
[ er r] SBNPRIG BYMBAS. r el ati onship: [err] 20 . where [err] is the maxi num

m crowave f1_rf)equenﬁ_earﬂgtr{og bt ciéﬁnt{?m.éiﬂym al | owabl e harnmoni ¢ nunber.

Pocket No. 189383 " |
- the first local oscillator frequency is selected according to the relationship:
S | | Nuwfior = Trmee < fian |

where f,,, is the minimum microwave frequency, N, is a selected harmonic number,
" frme IS the maximum intermediate frequency, and. fior is the first local oscillator
- frequency; | . | |
o - succeeding local oscillator frequencies are chosen to satisfy the following
10 relationships: - _ - o
g Nign - e 2 Nfignay = frme
U Nion + fome S Mot = fome
| TN+ Dfion - frne € Nhionss + frmae |
. where fm' is -the minimum intermediate fréquency‘, and N is the lowest 'integer' -
15 '_harmbnic'numbe'r_ at which: |
o N 2 2y liones - ok B |
proceeding to select additional local oscillator frequencies until the last
s_elecfed frequency, f.., satisfies the relationship: '
| | funx = Nuion < frmes R ‘
20  where f,, is the maximum microwave frequency and N, is the maximum allowable
" harmonic number.
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