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‘Invention The invention relates to i nstruments whi ch utilize-g>neasuysegent
gate to‘control the interval during which a neasyrenent is taken on an

el ectrical signal and'nore particularly to a method and apparatus for
generati"ng.gates for signal nmeasurenment instrunents, for exanple frequency
and time int eDV@iTA@_OGATErGENBRM‘MN’F@ af sidMall MEASUREMENT GNSTROMENTE

i ntervak nmeasurenents using an electronic counter allow accurate
measur ement of the el apsed tinme between start and stop events. Typically,

i ns{pument s d 0G| 98 IWRAEGYNt ers, a tinme counter to accunulate events from

a stable 5 —t'l"m':k—wrg—a'n event counter to accunul ate events from an

i npu]t Si gnalh. Di Vhdiingantba mmb_egodhsiﬁ»memts \ivhich]tmiliwwhmas?m?mbgatéhe
result I1n the ti count er I oVl S the average frequency of the. l nput
Signal . The CPOBOBR RIENE! Gpiing Wwrichia miss temes] dytakg orusy plgeirieal 97l 20z .
[ the gat enidroSHERRURRY 2@ s"imidihdd Card @oardtik? 167 idbristaling! BaeaNicrokigfal

exactly and the nunber i nput signal events is counted W Th sone 1
uncert ai nt y MeasuEeroentinstigments, o7 sxamplg frequency-and tie Jotevel sRUNtets. wi t h t he

I nput  si gnabacﬁﬂ@uﬂamhe%né.n%}'lt signal events is counted exactly and the

el apsed ti ' uncertainty (plus or mnus one clock
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i nput signal event, and in t case of repetitive signals, statistjcally
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I nput signal by using the envel gpe of the pul sed i nput signal to generate

by . : { ) :
the gate si Gn@ Siondl called 3 gatey clf the, Bptpds syRenrgaegwith the clock, the gate time
is controlled exactly and the number of input signal events is counted with some

10 uncertainty (plus or minus one event). If the gate is synchronized with the input
signal, the number of input signal events is counted exactly and the elapsed time
is counted 'with some uncertainty (pius or minus one c!ock period). Increased
accuracy can be gained by averaging over more than one input signal event, and
in the case of repetitive signals, by sta_tistically averaging over several measurements.

15 For frequency measurement of pulsed signals, for example the RF bursts in
a pulsed radar signal, the measurement must be started and stopped while the
pulsed signal is present for the frequency measurement to be correct. Otherwise,
the time counter is accumulating clock events when the event counter has no
corresponding input signal events to accumulate.

20 Conventional counters assured that the gate signal was opened and closed
within the duration of the pulsed input signal by using the envelope of the pulsed
input signal to generate the gate signal. This technique involves the use of
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A narrow gate reduces .:requency -accuracy in two ways:
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respect to

rapid frequency variations |n the mput signal. A narrow gate reduces the frequency _

accuracy in two ways random and systematuc errors In the ﬁrst wse ‘random
truncation error in the tnme measurement becomes a more sngnrﬁcant fraction of the
gate, thereby mcreaslng random fract:onal frequency error ] the second case,
systematrc errors from start to stop of the gate tend to react with each other more
with proxrmlty, maknng wllbrat:on by snmple subtractton of ﬁxed errors less accurate.

Another drawback is that because of the delays in generatlng the external

gate pulses itis dlfﬁcult to open the gate near the leadang edge of a pulse. The
gate can be detayed to the next pulse, _bu_t utt_er_ in t_he timing of the delay generator
or in the putse repetition interval lead to uncertalnty |n the _position of the gate with
respect to the pulse. | o

to t he next
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providing a series of neasurenent gates relative to a repetitive input 5
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rcqumvisesty a measurenent gate relative to an input signal being

conprises: 30 | ogi ¢ means for providing an arm ng signal

for

circuit to make a nmeasurenent, the arm ng signal being del ayed

r ammabPgigumeansoffam@raiding | gnapreiegt signal for arming
the circuit to make a measurement;

means for generating a gate start signal in response to
the arming signal and to a signal indicative of the input

'signal being measured, the gate start signal being

synchronized to a selected event of the indicative signal;

means for generating a gate close signal in response to
a signal indicative of the input signal being measured, a
programmable integrai number of indicative signal events
after the gate start signal; and

means for sequentially incrementing the integral number
after a measurement and signalling the arming means to
provide an arming signal for performing another measurement.

According to another aspect of the invention, a circuit
for providing a measurement gate relative to an input signal
being measured, comprises:

logic means for providing an arming signal for arming
the circuit to make a measurement, the arming signal being
delayed for a programmable number of indicative signal
events;

means for generating a gate start signal in response to
the arming signal and to a signal indicative of the input
signal being measured, the gate start signal being
synchronized to an event of the indicative signal; and



35 means for generating a gate start signal in response to the arm ng
signal and to a signal indicative of the input signal being neasured, the
gate start signal being synchronized to an event of the indicative signal
and means for generating a gate close g&kgnal in response to a signal
i ndi cative of the input signal being neasured, an integral number n.of _
indicative signal events after the gate start signal, 5 By increnenting the
di gital dividermbans fotogerérastimala gate cliose signadsiner a8RNFENEAL s,
and subtracting the tegul ef; r At es5qRLE Bbiggthysbureenesated .
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profiling. iffbegral usimber gs ofssndinatéversignal wrents &fter tAg:Fa5%t he '
effect of r LSystematic errors. Because the opening of the gate is
~triggered b%egﬁg]€EQEVents.thenselves, the gate is reliably and accurately
positionéd with respect to the pulse and is unaffected by 15 jitter in the -
pul se repetition interval. - The preferred enbodinent is particularly
appl i cabl e to gByeimt¢rementingdhe digitajadévifier frémeydenvylcsignal for -
pul sed m cr gygies SIfhA! Succls HhEN Henstiddhdrit¥)S! 818 FuptrdcArfy feRguency.
results, very narrow gates are effectively generated which
move through the pulse. cycle by ‘cycle for freqUency”
10 profiling. The actual gates used, however, are much wider,
reducing ‘the effect of random and systematic errors.
Because the opening of the gate is triggered by the IF
events themselves, the gate is reliably and-faccuratély
positioned with respect to the pulse and is unaffected by

15 jitter in the pulse repetition interval.



Description of the Drawings Figure 1 sheWs ‘wavefovins ftoem a conventi onal
gate generator circuit. 10 Figure 2 shows a sinplified high |evel block
di agram of a m crowave counter incorporating the gating technique of the
i nvention. 15 Figure 3 shows a schemafpc bl ock diagramof a gate
generation circuit which enbodies the teachings of the invention. Figure 4
is a flowchart of the process of gate 20 generatjon_for average frequency
in a pulse. Fi gul®es PHRFAFRed SRPATINRRE FDHPATEIGRIRFLY gAPRL4ERBLE: £8Nn
cihr cuit ] of ?Eheuae_iof& ogr m_e&ﬁﬁi‘ﬁﬁuie?& gatesagerf fa_elggéqménc%counlié&urgrg
shows; the pul s ve formw th the frequency pro i ng, gates gener gt ed_by
Lhe Fnvent | oRGIEEG.r BAGTPEERS. F19na 1% beFcs AP nl Sm W HH alt FATRESTE | BF
addi ng a. pregraabidle €rdgumnayo the opening tine of the gate generated by
the Figurg 3 5 enbodi ment. Detail ed Description of the Invention Figure
% shows a sinplified high Ievel block diagramof a m crowave counter
i ncor por at i nYeEREIPRLONG Olo NG A@AWINGHe | nventi on. The counter operates
under 10 control of mcroprocessor 201, with the results of the
measur enents shown on display 203. A high frequency input signal, for
exanpl o a i cr owddEUiendl SHRWROHAYEORRIIE d TP 8 moRIY STl ngate
conversi on i geflexato20Tir@uidr. net hods

10

Figure 2 shows a simplified high level block diagram of
a microwave counter incorporating the gating technique of
the invention.

15 Figure 3 shows a schematic block diagram of a gate
generation circuit which embodies the teachings of the
invention.

Figure 4 is a flow chart of the process of gate
20 generation for average frequency in a pulse.

Figure 5 shows the pulSe wave forms from the gate
generation circuit of Fiqure 3 for measuring average
frequency. ’
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The IF signal passes through amplifier 211 and fiter 213, then is applied to t_h'g .

detection circuit 215 and the gaﬁng circuit 217. The detection circuit 215 determines

“if an input signal is present and whether the slgnai is pulsed or CW. The gating |

circuit 217, described in more detail below dngstally generates the gate signal for the
event and time counter circuits 218, which accumulate the count data on which the
measurement is based. A gate/arm selection _input. selected by the operator,
determines the mode of operation of the gating circuit 217. |

Gate Generation CI;cuit

Figure 3 shows a more detailed schematic block diagram of the gating circuit

217 shown in Figure 2. A programmable digital counter 301 counts IF events, and
produces a signal to close the gate at the appropriate time. A muitiplexer 303
selects the gate armi_ng_ mode. Flip flop 305 synchronizes the gating oper'ation to
the IF events, logic element 307 provides control logic, gate flip flop 309 produces

pulses to control the event and time counters 21 9, and'ﬂip fiop 311 produces an

3



rfLO : Flip flop 305 synchronizes the armsignal to the IF signal. The
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F0er ety G oA 108 1651517, 81 B ol CuBR Bl FB b
counter 301 on line 318. Logic array 307 may be implemented, for example as a
programmable logic array, or as discrete logic circuit elements. Logic array 307 is
20 arranged so that its output goes high when the Synch-Arm input goes high, goes
low when the Event Gate signal goes high, and is held low from the time the Event
Gate signal gdes high until the occurrence of the Gate Close signal. The output of

logic array 307 is the "Gate Control" signal on line 310.
| - Flip fiop 308 producses the puises, called the "Time Gate", that actually start
25 and stop the counters in counter circuits 219 that perform the measurement. The
| Gate Control signal on line 310 is applied to the D input of fiip flop 309, and the IF
signal on line 308 is applied to the clock input of flip flop 309. The inverted output
of flip flop 309 is connected through an invertor 317 to the reset input of flip flop
. 309, so the flip flop operates in a one-shot mode to produce a short pulse when its
30 output changes state. Thus, on the next IF event after the gate control signal on
line 310 goes high, flip flop 309 will produce a narrow pulse on its Q 6utput. This
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t he corres@atetligigndl- The programmable counter 301 is set by sugna!s reoewed from __ '
microprocessor 201 via data and control bus’ 320, The 'IF slgna! on line 308 is
applied to the clock input of the counter 301_. and the Event Gate sng_nal is apphed
o the enable input of the counter 301. The counter starts counting IF events when
20 - the Event Gate input goes high, and produces the Close Gate signal _"wheh thecount =
' reaches the preset number. The-Close Gate signal is applied to logic array 307,
changing the Gate Control signal so flip flop 309 produces the Time Gate close
pulse at the next IF event. Thus, there is a delay of one IF event between the Close
Gate signal and the Time Gate close pulsa that actuaﬂy ends the measurement.
25 ' Because of this, the counter 301 is programmed to oount one IF event less than the o
desired measurement gate duration. ' |

Measuring Average Frequency in a Pulse
The flow chart of Figure 4 illustrates the operation of the microprocessor in
30 controlling the counter to perform a measurement of the average _fre'qUency in a
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o oot sl b6 K 5 Y a5 0BR B Bhulk] TS, L
ot herwi se, the nmeasur GrenPWRE1/T1)@18)ps4 at bl ock 423.
Considering that the gate opens on the second IF event in the pulse, this gate value
provides a gate that is open for about 7/8 of the pulse width, starting two IF cycles
into the pulse. This gate value is empirically derived to allow for puise width jitter
20 frequency modulation on the input signal, and other factors that affect the number
of IF events in a pulse. Other formulas that take these factors into account could
also be used to set the gate value. :
With the gate value set, the counter arms the gate generating circuit for the
next pulse at block 411, and opens the gate at the beginning of the puise at block
\_/ 25 413, and begins to count IF events at block 415. When the number of IF events
reaches the gate value G, the decision block 417 closes the gate at block 419. The
counter determihes whether enough measurements have been taken to produce an
average with sufficient resolution at decision block 421. If more measurements must
. be taken, the process returns to the arming block 411, otherwise, the measurement
30  stops at block 423.
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_1The wave form di a'gr'ams |n Figure 5 illustrate the ti mng rel atlonshlp of
t he pul sed input signal and the gate g§gQnal produced according to the
process of Figure 4. Wave form A shows the digitized IF si gnal, appearing

on line 308, tNghe YifekforinGial 2B fié W?@twf@ 5 AR u?«%nﬁﬁgi rélhﬁdhshigﬁaﬁg{é%

and 309. Wave form B shows th put signal fromlogic arr
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array 307 cl ose the neasurerfent gate o the nex F event The Event Gate ¥
signal is fop 809 againiforithe: second Fime Gate pulse.c Wavedorm G shows thealimef Gaten F; .
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measur erren;,%tP ng'lélhﬁoﬁlab@um t§b1' n?lé?@%@ tBylc@?k[e é?l‘agrr@b}e tb':cﬁ¥f”ﬁ1§ for
ee e i

each succ asur enent requency profl nost sl
obt ai ned uy'eestwtem igate ondhesnexME event The &vent:Gete sgnalmalsmsume:gmthe

corr eapondRJF Cranel 6 setatd e WAV R . heplnl yi 651 SR Bitode,, u

one | F evegtttheoheasurenidint gatd"tothe puised input@igriak by cycle profile of the .
signal can be obtained. The profile data produced can be stored for

subsééuent processi ng and anal ysis. For exanpl e, by subtracting both ev'ents a

and time bgbueg ,gngep,gaggﬁhﬂg,rgﬁgsw rﬁg§§ in addition to adjacent

measur enents an VI g a wel gnt sum of 'such event differences by an
equi val ently mﬂmmuntannofomq limvention G makei froquenaye profilé Imeasurementsi ons |

of the fr W&lﬁ%ﬂ%&éﬂhﬁ?d&%‘ggﬁeweé %%gnal pulse generator because of the digital -

gate generation cahability of the counter. The counter makes a series of

20 measurements, with the gate width incremenied- by one or more IF events for each -
succéeding measurement. The IF frequency profile is most simply obta_ihe’d by
subtracting suct_:ess'iv_e time measurements, then dividing the ineremehtal number of
IF events between successive measurements by' the comesponding time
measurement dnﬁerenoe if the gate is mcremented by one IF event for each

25 measurement, a cycle by cycle profile of the signal can be obtained.

The proﬁle data produced can be ‘stored for subsequent processing and
analysis. For example, by subtracting both events and time between neighboring
measurements in addition to adjacent measuremenits and by dividing a weighted

} sum of such event differences by an equival'ently weighted sum of the time
30 differences, filterad versions of the frequency profile can be generated. |



1{h‘e-‘profi ling can extend to the maxi num gate wi dth. An additional benefit
of this profiling procedure is that t h&l maxi num gate w dth need not be
known in advance. ‘As the nunber of IF events in the gate width is nmade

|l arger and ext endsThe pooftingreancextend to ke exiraumt gate rwidthl t An qadditionapbemefit of

data will net 3 . profi sults within the pulse. Th )
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nmeasur enent . ddvance! s theemarpber ofcifflevents iNMAe gaRMWidth RXAEDS fargbhénd BitBhEE

measures the pul se, w dt hpa&d the | F frequency. The maxi nrumgate value Gis
n’geyeﬂ'ﬁ’r ]

det erni ned a £BA ot e Puige: the Fsuiting; eITYRtiER Pledatar willThet affact the
val ue i ssi ni thflereshits Wﬂhﬂ tﬁ??glﬁelo'rhe ?@W gagég‘{:aer%@rmééréed,%eegiﬁgnqn%

neasurenment i's taken and_t e ult sto value 1s 1'ncr _
anot her neasuthereartect portioreof thenteasuremeatult is stored. The gate value is

in ted d PR I renments are taken an ored until the gate
val ue Ts equal ¢ o 48 e HerRBR T He0RRDL Me Bt FemBnt Sretiplanthe Fouar reasures tit
profiling negsuisewidth ad thes IR pegleticyd. THomaximum gatd vallé G G SBRMMINRE and

exanpl e of a variable frequency_ pul sed signal 601 and the succession of
gat gg 603, 6CHOr {ﬁmg%ep gemeasyEarBent; dheigate vajue iscinitially setdaa smalh

th | | g 6, a1 e : Y/ | Sacaii! at
and tho T nor aiotuery for plliteiey, & iieasUieeit REn did e st e”, Th'lde |
in the seri eyaluenis ineremnented, aanothed mé@asuremnentlis taken, and tisataesuipisestededysThe

_ i1 il inglud
Tors | terat | OfES valtRds T briebiad aRd Apbuons EASURRRRE dn deken, anc shusd Upd
m crosecond phé gatedballié isnéqudl tdVidz thedmekifin® Vallé fRE blﬁlsB%dWme%éﬁ@g[‘g

w th,a gate val ue of and increnmenting by 1, a profiling neasurenent

woul d take ST“WWB%BWS",S campletede | ast gate val ue equal to 39 (i.e.,
Valte i the | nor S9LR 8.3 S Em AL IR s Vaafis 1ol poidt Sinel @1 e
yi el d a reassuetassionuobgates 8082605, 607£609; 61 h and 618 1gahetsted) te ptofile the signal.
In the example shown in Figure 6, the initial gate value is 3 for gate 603, and the
incremental va'ibe is 1. Thus, for the longest gate, 613, the sixth in the series, the
gate vaiue is 8. For simpiicity, this example shows a very short puise, and most
20 profiling measurements will include many more iterations. -

A more typical example of an input signal would be a 1 microsecond pulse
of IF at 50 MHz, giving 50 IF events per pulse. Starting with a gate value of 3 and
incrementing by 1, a profiling measurement set would take 37 measurements, with
the last gate value equal to 39 (i.e., 50(7/8) - 4).

/ 25 For much larger pulse widths, the initial gate value and the incremental
increase can be set appropriately larger, to yield a reasonable number of
' measurements in the profiling set.

Because all the gates are opened on the second IF event in the pulse, any

systematic errors between the measurements tend to cancel. The effect is to
30 produce data resolution equivalent the that of a narrow gate, with improved accuracy
because the number of events and time period being measured is much larger.



LfBecaus_e all the gates are opened on t\f}e second I F event in the pul se, any
systematic errors between the neasurenents tend to cancel. The effect is to

30 produce data resol utj.on uival ent the that of narr ow,qgat e ith
or oved e APt SRR G of i thetaifing Yahuete e, 15 kbmple
nmeasur ed. s VOQ lstdp kespionse.  Tiiwobkernaligate Afideool e ¢uudter! darobé sa@awithi Ng
frequency transients, for exanple a VCO step response. The external gate
mode of t B &&RM Velage fhange, apRlied\tq the eOsamping dhe gate genargiomeiftyited + o
the VCO arm ng the gate generation circuit. 5 Digital Gate Delay For .
sone neasurenents, it may be desirable to delay the opening of the gate. ju

. Figur® 7 iDigitakGateddelaybl ock di agram of an circuit for adding a i
programmuabl e del ay to the openi tinme qf the gatc¢ erated by the Figure
5 enbodi ment THO' RRTRMEASURTORS, & My e, dRsiabie.ig delay e oneging of the e
i put A 10 gate.Of Figlie [t G¥ca SERerhlVDIOEK Fdiddram Sof BRechelifNociddding &f %

Figure 3 has a progr.amrabl e counter. 701 that counts a preset nunber of . IF:

si gnal evdnegrasamable gelgyeithg epenine dime gh th: st oenerated by she &igure 3 he

gate genergt,l o Ik C b | S48 P o ' . :
mul ti pl exgr%% sel ec é the gate aérr%&"‘ralg méhkﬁ?%a?ﬁﬁg 95&3%"7’@"
synct0 oni of miuitiplgxer 303 showni on Figurehe8. | FThe adelay, circult 08 Figuner 8dhee &

i gnal f bl ing th b ter, 301, The or. apl o ter
and the 1 PraCrupatie, oy lecto (AR ot s Brosel AHmbe, O I G0 HERB St
cycle. w'ﬁb@h@ﬁgra. 16git. Righ ¥isutigna fappliéc fo tHengdte YenBRltion rcaf ofFigUR®
signal under conirol of a selection signal fromthe m croprocessor 201,

based on BHe eperthepmeasuremant gate:yAtmultiplexer Qs selegie thecgatearmingimedecyy

a5, TIRCOSE 708 % 700 b Snike nG 3G ol uch 16 MBS HF Chverts oty )\

T ser 65 ro mynohrom 78 Lhe S SLanot o ahe LE Sianal The L E sianal on

N series ry ) .

e 708 eouaRh anel e, iR B Beg Pl iorgP teiheqindnd & sach Measurdmdnf’ "
cycle. : o ' o o .

~ Multiplexer 703 selects ._one of three input signals as an.___armiri_g signal under
control of a selection signal from the microprocessor 201, based on th§ ‘mode

20 selected by the operator. . The external gate, CW géte, and lntamal gate inputs are

the same as for multiplexer 303 in Figure 3. The output of fndftiple_xer 703 on line
704 is applied to the D input of synchronizing fiip fiop 705. )

Fiip flops 705 and 707 are connected in series to synchronize the arm signal

to the IF signal. The IF signal on line 708 is applied to the clock .inputs of fiip flops -

25 705 and 707. The Q output of fip flop 705 is connected to the D input of fiip flop U
707, and the Q output of flip flop 707 has the same wave form as the_' Synch-Arm '
signal from flip flop 305, and synchroriizes the gate delay to the IF signal.
Synchronization introduces a delay of two IF events. .-T_he delay Synch;Arm signal
on line 706 is applied to the enable input of delay prbgrammaﬁle counter 701.

30 ‘Programmable oounter'7o1 controls the dura'tion- of the delay in operiing the
measurement gate by counting a preset number of IF events, th_én producing an
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he gate generation circuit of Figure 3. Because of this, the

1 is ghegwaniitegvent delay intradsioed by theddelay ciecuit is ndded fie thrtwa IR
t I, l0g .. ' f '
eyt Goi7 i re Bt o0 i B QUGS Tl of B, 1 Erkdd
701 is programmed to count four IF events less than the desired measurement gate
delay. '

CW Gating Mode Operation

If the CW gating mode is selected, multiplexer 303 applies the CW gate input
signal to line 304, for arming flip flop 305. This CW gate signal is internally
generated and is logic high for the duration of the CW measurement.

Two IF events after the arm signal goes high, flip flop 309 produces the first
Time Gate pulse, as described above for internal gating operation.

In CW gating mode, the Time Gate and Event Gate can be terminated by the
CW gate signal or at a preset count in the programmable counter 301. Terminating
at a preset count proceeds as described for internal gating, with the programmabile
counter 301 generating a close gate signal on line 318 after a predetermined
number of IF pulses have appeared on line 308.

(1e/n.t del ayofiititigiduecdody the delay circuit is added to the two |F event
e



\élgnal to line 304, for armng flip fb] 305. This CWgate signal is
internally generated and S Ioglc hlg or the duration of the CW

measur enent Two {4 éza ? cHirpedl &@heﬂﬁ@ﬁu&ﬂ&'\va&h@ RBidriab it #2Y

produces the fi rst 25 pul se, as descri bed above for internal
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b f IFE | h y
appear 8d orSignal0Qes; low, a'P% e@ﬁl%f’?’?ﬁ%" rg?ﬁ Py E%P??ﬁg%\"fg ﬁ' :
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with the CWgate signal. so, the O ose Gate output of progranmable :
counter is lqmﬂnmlbpaQQgeoera&esdhmseoo@ﬂIm Gate pulse 1o stopHa %@%@2‘@1 on ¢
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duration of the iCiNeggate isToperdd andruiosedf umertd*mttaWagahe CWauté sigrat; thew,
fllpflop 309 ener tes the.s cond Iset ghcounter CII‘CUItS

210, 3d fImpesureg Hequencys s the, Bu evelis, Souag b, #ie
counter. 'fch?Eergséﬁdsv‘fdéws?qﬁe%ﬁﬁ ﬁieﬁ&ﬁtédtﬁyieéur%@téifamefzmhe CW gat e

signal, the 10 measured frequency is the 'nunber "of If events counted by
the programmabl e counter 301 divided by the time measured by countig

circuits 2 _ '- Operation If the external gating node is
sel ect ed, ﬁ??#%f g?gﬁbfggb he external 15 gate input signal to
| i ne 304, for aﬂhthagekﬂemalfgmpgaﬁﬁde mseleehedemnﬁiplg@r@m@pibs ithe axtesreal

'} ed |, that | high f h du f th d
e noubEmeniOHHE MR SORAI ARG S04 I pming B, fop a0, T el e el s e

high, circyjdar Egpafwsrg%: o i | rrs:ﬁata;raﬂéﬁef&eeés%a mbamaﬁtng

circuits 219 an ens -t he Event t to start the progranmabl e counter
301. Sinilarly, Ashion the:&W gate sighalgwhen the external gate signal goes high, circuit by .

produces the first Time Gate pulse to start the oountnng circuits 218 and opens the
Event Gate to start the programmable counter 301. Similarly, when the external gate
20 signal 18 goes low, the circuit produces the second Time Gate puise to stop the
counting circuits 219 and closes the Event Gate to stop the programmable counter
~ The measured frequency for extemal gating mode is the number of f events
counted by the programmable counter 301 divided by the time measured by
25 counting arcuns219 - o . o . \J

A circult and .method are thus provided which generate the desired
measurement gate for measuring a selected electrical sngnal capable of profiling the
] frequency of the signal. - - S
30 While for the preferred embodiment IF pulses have been utilized for clockmg
and for the display, it is apparent that the invention could be practiced using the RF



20 signal 18 goes low, the circuit produces the second Tinme Gate pul se
to stop the counting circuits 219 and cl osés the Event Gate to stop the
programabl e counter 301. The measured frequency for external gating node
is the nunber of If events counted by t rogrammabl e counter 301 divi ded
by the tinme neasured by 25 counting cirytuits 219. A circuit and nethod
are thus provided which generate the desired neasurenent gate for neasuring
a sel ected pudses caf sihgnahicrepabee xifgnalf i AhAg, it f weghensyitdblde
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#=| ative to a repetitive input signal belng ﬁéaSUfed sfor 5 performng a
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L)

series of neasurements to profile the frequency of—tte |nput S|gnal

conprising: 1ogic nmeans for providing an rn1ng Si he
circuit to make a neasurenent; 10 neans r generaﬁ ‘.signa
in response to the armng signal and to a si gnal |c |weno e I nput

si gnal

sel ected e

being neasured, the gate start S|gnal bei ng synchronlzed to a

!the indicative signal; 15 means for generating a.gate

cl ose signal in response to a si.gnal indicative of the input signal being ~

neasur ed,
the gate s

i ntegral nmﬂiattﬂeetoaanxapﬁbmhmwezﬂnbw#gﬂa@hahgbehagamaaﬁynﬁdwwaD
provi de gan %’ V%%@'séﬂresp?ﬂff ﬁé%ﬁ%ﬁt&%@e{:onﬁf‘éﬂféﬁ%e freduerddf
circuit of alm1 erein the input- signal being neasured is a m crowave .
signal , an®f &g HHRRYE | SEIBRYNaFORRTARING s gnal to which the mcrowave
si gnal has been down converted for “measurement. 30 3. The CIrCUIt of Claim
1 wherein the |f8ut S| naI red is a ulsed n1cro Si nal and
the indicative bﬁa?“ R8sy g’é’d’ JléséP%n%’i‘ ?’6 #RPc FiERE Ty 139 gnal
has been(ﬁhhe(niumuiEdtéomakeaaumeasuremaﬁt;4 The circuit of Caim3
wher ei 6he gate start signal generating feans generates the gate-
start S|gnal synchroni zed to the second-.event in a pulse of the .
means for generating a gate start signal in response to.
the arming signal and to a signal indicative of the input
signal being measured, the gate start signal being
synchronized to a selected event of the indicative signal;

15 '

' ‘means for generating a gate close signal in response to
a signal indicative of the input signal being measured, a
programmable integral number of indicative signal events
after the gate start signal; and

20 ' _

means for sequentially incrementing the integral number
~after a meas_urément and signalling the arming means to
provide an arming signal for performing another measurement.

25 2. The circuit of Claim 1 wherein the input signal being o
measured is a microwave signal, and the indicative signal is - ;_)
an IF signal to which the microwave signal has been down
converted for measurement.

30 3. The circuit of Claim 1 wherein the input signal being

35

' -y
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measured is a pulsed microwave signal, and the indicative.
signal is a pulsed IF signal to which the microwave signal
has been down converted for measurement.

4. The circuit of Claim 3 wherein the gate start signal
generating ‘means dgenerates the gate start signal
synchronized to the second event in a pulse of the
indicative signal.

o

S



i ndi cative signal. 5. The circuit of Oaim1 whertintte integral
nunber is increnented by 1 after a meg_iurement, so th ( _ mntial
measurenent the gate is open one event!/longer than f omm‘mm@m '
measurenent.. 5 6. The circuit of Caim2l1 conprising: or delfayi'ng t he

armng signal for a programmabl e nunber of indicative signal events. 10 7.
A circuit for providing a neasurenent gate relative to an i nput signal

bei ng ﬂggsu?]ed,menmw'uﬁg: dpgixamansm@fepﬁﬁvhdi m_ﬁtagraurrhmg%kgria for
arning- the circujt .tq nmake neasur enent . the .arnming,signal bein
Sy S T or ECTARERk R Bb AR &1 RRAEHEREE o P SHAR <EoRe SHER of
{geheraling.segpentiahrMeﬂsymdméqtrtmmogagetdszamwmaemeiegentgmﬂnganjto a
si gnal 'nd!fﬂéhvfo f ¢ Be gggghiﬁbgﬂggfug?h%ﬂg‘Ueasured, the gate start

ﬂgsignal bei ng synchroni z 0 an-even i ndicative signal; and neans
“for genePating a gate close signal in response to 25 a signal indicative of

the input sggnaimBeicheclBes $re¢1adtm hﬂkﬂﬂ%&ﬁsﬁ%@ﬂer n of indicative signa
events after the gate start signal. 8  The circuit of Claim1 further
i ncluding: 30 neans for neasuring the pulse width of the input signal

means for delaying the arming signal for a programmable
number of indicative signal events.
10 |
7. A circuit for providing a measurement gate relative to
an input signal being measured, comprising:

logic means for providing an arming signal for arming

15 the circuit to make a measurement, the arming signal being

delayed for a programmable number of indicative signal
events; '

means for generating a gate start signal in response to

20 the arming signal and to a signal indicative of the input

signal being measured, the gate start signal being
synchronized to an event of the indicative signal; and

means for generating a gate close signal in response to

_ 25 a signal indicative of the input signal being measured, an

\ integral number n of indicative signal events after the gate
start signal.

8. The circuit of Claim 1 further including:
30
means for measuring the pulse width of the input signal
and means for measuring the period of the indicative signal
events; ' '

35 means for counting indicative signal events and
producing an output signal an integral number of indicative
signal events after the gate start signal, the number being
determined as a function of the pulse width of the input
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and ‘nmeans for neasuri ng the period of the indi catlve Si gnar‘ events 135

means for counting indicative signal events and producing amout put
signal an integral nunber of. indicative signal eve e start
signal, the nunber being determined as a A®nction mmmu' &M’h of the
I nput signal and the period of the indicative signat Ss Seal d.neans

for producing a gate close.signal being responsive to the out put si gnal
fromthe cousignal nendsthé Peribd- oifr thiet 1mﬁleatwé3,sﬁdﬂhlévéﬂ‘tfs ate =
duration Gis determ ned accordi ng to t he expression: = PV\(El/TI) (7/8) -z
4 10 where PWis the pulse width, "and EI/T1 is the perlod of the |nd|cat|veg‘
si gnal events. 16a1¢hén%¢m%uft°rofp@@um89fmtgatec&imsmsggnaﬁ neaitsy for A

del aying ! NfesP@heipeath +hedB@kpntoss ghall! & PR UGy qﬁearrgi' catlve

si gnal evsents ?rom t he begi nni ng
Kk

N
9. The c1rcu1t of Claim 8, wherein the gate duratlon G is | |
determined according to the express:.on.

G'.='PW(]._31/T1) (7/8) ~ 4 o

10
where PW is the pulse width, -and E1/T1 is the period of the
indicative s:.gnal ‘events. ' : |
| . o/
10. The circuit of Claim 8 further comprising:
15 '

means for delaying the gate . start signal for a
programmable number of indicative signal events from the
beginning of the pulse. '

y



