2103445 1 -1- SAW FI-LTER NETWORK. The present -invention rel ates
to a netwofk 5 conprising a surface acoustic wave (SAW filter and a drive
amplifier for the-SAWfilter. SAWfilters typically include input nﬁ )
out put transducers formed on the surface of a substrate. Each 10 tia @d@&éf*5
i ncl udes tWo comb-1ike el ectrodes ha\}i'ng their teeth interleaved. In-

response to an input voltage =§&W iETLTER INETWORKIt transducer, an acousti@

wave is launched fromthe input transducer, propagated along the surface
t-he substrate and receigyed ' st a e | ch nyerts it
an out put vol t age. The%%e&%r?%&etr g'g%%x!tsté'%# r}ts%iéggéﬂlvvﬁ#l'fe'gé?ggpeterm ned
by' sel 6Ct i gy admpuiaing ,a spwfage Atausticitrvec( SME) | Gl oir Rid sa drive
adj acen‘b/teetg)ﬂp X e WHd |84 Se £8P constructed by integrated
circuit technology, they. are considerably sinpler -and 20 consequentially
| ess expensive than conparabl e discrete conponent filters. Accordingly,

t hey have been widely cmpl @idteirs aypdoallyprindlude Imputasnidlatimiton
receivers. Typi. \ h .nd _apphkicati |.n -iqﬁ| j_at e guency
(1F) section)ég-lfaﬁghl'e‘%%eéjge.%éezjr"{e?or&i %‘aer%ﬁirfgaaﬁgté;%e € génga(r?eec{ par'fsgs%qnd
frequency yebFonsdushar incdudes twoo comb-likee elestrodeshhapingAthdin er s

have. the ab esqiiha ant i ; 5
| aunched by ?ﬁgtiﬁn%at tr%r??%&éer%eﬁé%eggorgg e%?e fitrd(%ttsweglﬁput §O'led
v dwchad TRam| e

transducer t §%pihgudarPat fEanss SR ARANSTHR WAy it : .
tra_ns:t vvavetnayihpmgw'mnrsaih m,]?@rbpag_ dﬁagba ialjoiig tﬁrrlmsi_ ieface g:mr.ﬂ(&lce a -
"triple trangit'" . rther .re cli,ons tween the J nput out put
transducers %PL ﬁ.‘%ﬁ%’? 35 efeﬁgﬁ'vzﬁdsg’yo .loug:gé:%%r séid"tcge(f \’é{l}'@cqs
35convert egf iconvextsodte $P0R0 PRtpvt ¥9d inge.he Thec dragquenayarasiranse | n a
tel evisi on [ geiend! sal¥19¢kd/ 4% WRIAARALHY AL A Lty '

r .
transducer in response to recelve ected ves, may appear 1n t%e' vi deo

signal derivERacidE besweensiagdsthe, everdam pikainsof RAdirqaens @ethost s
40in the i megecause Sand fi1teis Rian Wet dodrud¥edd) integrated

circuit‘techndlogy, they are cbrisiderably simpler and

90 consequentially less expensive than comparable discrete
component filters. 'Accordingly, they have been widely
employed in consumer produces such as television receivers.
Typically, they find application in the intermediate
frequency.(I?) section of the receiver for iﬁparting a

o5 Predetermined passband frequency response characteristic

- to the IF section. '
Although SAW filters have the above-described
advantages, a portion of the. surface waves launched by
the input transducer may be reflected from the output '

_3ottahsducer to produce a "double transit" wave and a portion
of the double transit wave may be again reflected from
the input t:ansduéer to produce a "triple transit" wave.
Further reflections between the input and output transducers of
higher order may also occur. Each reflected wave is

g5 converted into a corresponding voltage by the receiving
transducer. In a television receiver, the delayed voltages
generated by the output transducer in response to received
reflected waves may appear in the video signal derived
from the IF signal and thereby manifest themselves as ghosts

40 in the image displayed by the p%cture tube. As each



1 : -2- successive reflected wave is.attenuated
mnth respect to the previous one, the voltage in response to the. trlple
transit wave is the nost significant. 5 Many techni ques f.or y
i nhi bitijng wave reflections and redug ng the anplitude of the correspondi ng
vpltages are known. The- npbst often enplo ‘ed techni que is by purposely

' aS|n@ﬂq@§§S&§§oéﬁéﬂ§GtﬁﬂtWaﬁﬁelSAﬂF%?PPéFedTﬂF§hc£ﬁSBSC cE®npl i shed by

tchi Rget BeeviRadapne ,1enaf vb.hleat;epmh eespUhBHt 61 tREI Lgipssoci at ed
the SAWTfilter with t "he correspon i.0 edances of the SAWfilter.

Al t hough Fﬁ@ﬂﬁh& WPN&eléftFﬁemVEFtﬁ @glﬁéEFV d fromthe main and refl ected
waves aide both ‘at t emaayedechniqaesh€oamphhibdedngf wabe reflegetodsrl\gd

f th |
cor r espondity TeSuihY SR 3agaEcliiB 68 Wi UER L BUBhAL A v PBhges |k v
5|gn|f|ca@@eekﬂ@@n-onThedm@sNgoﬁheanmpbpﬁeéft@éb&lﬁﬂethé P¥f| ect ed waves

than on digy E?EEE&Q hﬂ%rbﬁ&gﬁgpi@gﬁcSQSBEQHhéaewﬁﬁhntH@VQAWTfﬂlﬁék|y the
attenuation

e main Si S co an anplifier
o o TE gAw b serong] ianad b BYeRateaingsshenimbeadnedily H L TR
PREAVPIIOFIcERthel daupert buneuzputgaixcu&tshasaaaﬁaﬁédchlEh thersawlt, -
di SC 058 A 1V G P \Lhll RorlQEpBn M2 bbbkl bl 64 bl bey L£,sect i on
of a teIeV|S|on recei ver. ner a eedbac connected” bet ween

t he outpuﬁl&ﬂ?qghpﬁheoﬁmpﬂétuﬁslPﬁl@het80l§é9§§ ﬁ?glﬁﬁﬂpﬁromntéﬁance and
t her eby 'ﬂﬁhﬁa%&dt&%f@hﬁ%&ﬂﬁhﬁﬂ@soﬁrﬁobb%ﬂe&t@éhh&ﬁédfrgﬂhbaetﬂQUb|e ‘

t it h d 30 inl t t N
Speci i “? de2t 1% ReIUeh Qe e 30 Ut e ety LEpaslf vaves)
emtted am@vebuamemﬂMpLgaﬂégdmach iewextuhanOMhattedrhespeadlngs col | ector

and base. cAth“9%ﬁhP§§ C%Q%%Bh%@xBﬁtﬁﬁé“tbh%hﬁohbﬁstﬁasoé the transistor

and a supply vol tage dnnect 1 on so serves as AC signa
ground anduich §€F@cﬁ%@nﬂélﬁé§6n&¢éeﬁﬁtﬁnaﬁBdPﬁéPBthéfVé§#P¢€Iy cancel the

i nput capaFfeatec o thle réAlbbitbiewavest khaneoheaibeaabengyLtné ihegdesired

'45 passband JoRRA"$8or’ the’ mdinWave” | 898108115, ObnbOhe g LERRR! SLOM TS
20 of the main sxgnal is compensated for by. an ampllfler

preceding the SAW filter.

_ _ In U.S. patent 4,271,433 entitled "SAW FILTER

PREAMPLIFIER", issued June 2, 1981, in the name of

G. E. Theriéult, discloses a drive amplifier for a SAW

filter utilized in the IF section of a television receiver.

A degenerative feedback path is connected between the

output and input of the amplifier to reduce its output ,

impedance and thereby increase the attenuation of voltages

derived from the double transit wave (and other higher order,

evenly numbered transit waves). Specifically, this arrangement

25

30

includes a transistor configured as a common emitter
amplifier with a feedback resistor connected between its
collector and base. An inductor is connected between -
the collector of the transistor and a supply voltage
connection point which also serves as AC signal ground
and is selected to resonate with and thereby effectively
cancel the input capacitance of the SAW filter at the
center frequency of the desired IF passband response,

385

e.g., 44 MHz. A load resistor for the transistor is
40 '



1 : -3- cbnnected between the input of the SAW
fllter *and ‘AC signal ground. The output of SAWdrive anplifiers of this and
5<similar types-are typically coupled to the input of the SAWfilter by a
DC bl ocki ng’ capacitor selected | arge enough in value to have negli

i npedance i & the |F passband. TyplcaT3y for U S. television recei

whi ch the Cemc%fm@t:t&aebéEwQéﬁSEl@lehﬁu@tof’%‘zsmfvhﬁf&i’aéﬂzkgf) | deal |y

bl ocki ng capaciitor _is selected at or above 1000 pi cofarads

such a DC bl o€#BRGLcIFI¥PHor is not required and coul d theoretically be
repl aced by a conductor'rﬁenoatphe SﬂVﬁmvaf:eveSam‘@pﬁﬁéryeof Hﬁ&lﬁ/&irfdl n
practi cg, i agi.tor revent the i cation
of DC vo tageslgl %geﬁgpég %ﬁg g%ﬁbc?*i% £$ ¥?%dé% %het+&P$$ﬁﬁ§%$%%nsducer
whi ch may ot h6AW £élpervdbyeal BAgbleckihai tapacitehase beeted XdmwgeSAW devi ce.
Accor dingly, éaoagﬁhlﬁrmuareanﬂsvsnﬁé 118670 1M5a4EN St ety t he

current supplélng capabi | é he out put tranS|s or deternine the vol tage
supplied to t R@SFhpnd- trgﬁg EE%}Yoff?ﬁe FHw FeIESIoR ¥IRRIVREE ridkistor in
paral | el conbivhdthoghei téntée ofit phié IFppdssisendfis het a4 | MEz pretget er mi nes

the | hedanee Lo uthlenchBooeIBRLRIAL 205k ke 2005 B0 o1 SclP! 18] A hpove

t heref ore the amnoun Irs-attenda nce y rca | tersare
vol t age respoR8PQepdecofaradst (pf) ovadldesl iy orsuthud PG dvkocking ati vel y

| arge val ue seaaacmebrt Qs”ﬁéﬁsfré&ﬁife&h&zaséoﬂidaﬁmé’o’f@t‘i dfgpsi stor which
has exceptlon :

g curient sgﬁ Iylng capabil|ties 30 and Is therefore
expensi ve. eonePLaced BhEORELs %rt%"’h%%eﬂéer%@%t‘ﬁ‘éﬁﬁlla? ge val ue
A1V
Ioaq/re5|storcapacpuipesesnoﬁesepplynng pesctibee ) npautpy Bleageidg the SAW
filter is tyge 0 d elatlvely
smal |l so as tggﬁag?‘gggeltgﬁéﬂg%ggnua P%gékf %lﬁé %%ﬁ%éé‘?r%#\séf ﬁs(lygnal In
a SAWdrive aﬂpéﬁggﬁﬁnbe§we@heth9pbW@e@@ﬁbbbﬁk%b%&%ﬂttﬁﬂ@l:Qﬁ(ﬁh@r&pput
capaci tors dotpahsiiicaRywhi&Ri hhp aBEhEBRISE @f&&&éett&zg‘\ct@mrﬁaime)f t he
circuit. Howev ﬁ
mechanisms in the SAW device.
Accordingly, in such drive arrangements, the
_',20 load -resistor and the ‘current supplylng capablllty of _

the output tran51stor determine ‘the voltage supplied to

the 1nput transducer of the SAW filter and the load
resistor in parallel combination with the output 1mpedance of
the amplifier determinesthe impedance to which the. double transit:
signal is applied and therefore the amount it is attenuated.

L Since typical SAW filters are voltage responsive devices,

25

Y, ) the }oad resistor should have a relatively large value
so as not to necessitate the use of an output transistor
‘which has exceptional current supplying capabilities
80 and is therefore expensive. In conflict with the desire
to have a relatively large value load resistor for
‘purposes of supplying desired input voltage to the
SAW filter is the desire to make the value of the load
resistor relatively small so as to increase the attenuatlon
of the double transit signal.
In a SAW drive arrangement of the type described
above the DC blocking capacitors do not in any significant

35

manner affect the AC operation of the circuit. 'However,

in accordance with the present invention, in a drive
40 o



in accordance with the present invention, in‘a drive 40 -4- arrangenent
‘for a SAWfilter, which has two input tern1na|s for receiving an. |nput
, one of t he i nput terminals being connected to an AC ground -point, *
Yo _output termnals 5 across which an output signal is devel dped
ﬂg an anplifier having an inﬁﬁf termnal for receiving an input _

' d arai:mgeutgmgt float & sﬁw & 1wbirG hwhllcRuhRB! t@ogﬂabutStdmﬁmmd ag

i nduct or nnect ed _het ween .t he out.put ,ter t
oround poi il T2 EAYARE SF BRUScPeaiey eiReat Ehe iPBR -bebEralf hffhq.
anpl i fi er comhedted ¢puﬁntéﬁngwamndfPPhBtSAﬁpﬂltVGrOHﬁEuﬁ kesminalsconnect ed

bet veen gt hes Jgyil unligh Mo ot %tthgl%md@é' aavémepea Pectnavng aeint, the
val ue of the _capacitor is selected’l'ow enough-so that it has a substantlal

af fect on &% fShGﬁ%PQtFBn1&P“FhéeHFFvélaﬁPEnﬁ%ﬁ%ﬁYlﬁﬁdannﬁ?@ut
speci fi cahhynalnaﬁan‘annattpatméhmml i a:dmm:bch aartl owtspst ssidrmalsismn

| npedance tra sformat | \Dj i f Ive
| oad mpeSSX‘E PS?‘ 't ngﬁéw é%& %évérlg e ef% @%%P%’fqh%biedance
of the drpfethe ampémgeﬁnnandSpechcmm)d p@mtca@zmemlmrmrr%#

sel ect a9 fb@t%\é?x %h\éab%ph% ttE‘i‘:miﬁE@. %d%heoﬁmﬁmﬂﬁh.éﬂd&nésthée i nput -
capaci tance of the SAWTilter A'Bpre era %ﬁgless t han tinmes the input

capaci t anceP q&s?&‘?@§54t°ﬁ ﬁhFhé &adherqpnde aF?ﬁﬁﬁEﬁEnF°nPﬁEt€ paci t or
subst ant i dletwedn ahlecdnputheeradaadno .ftheqsawcylevﬁ.cehanuaanl | el tuned

circuit i udi n ._ndu r S r' eC n; a and
I nput cap%g tg;r?é"gldgg%tlﬁ‘er{’s ivI%?‘glre. %(él t ?:Eggg;@tbg (11’9 ﬁgl@gggﬁgeiﬁﬁe I nput
capaci t aneacofgha soy hadl iSAWAsS lat @lubis§ahé'-9-§lt affest pn the AGe capacitor o/
has 30 18h@peala¢d of oF Eﬁﬁ'%%Ev@caQEQﬁ§eﬁﬁn%aBﬁa'tﬁbreesﬁecléﬁéall Q00 pf,

it will nqt Si nlflcantl EI%%E paral | el, resgnance. |ce t he
val ues of- *Fh&< %ﬁ& c 8 “&F@ @PQCF881§5°Fh§PrmF1$nthe i nduct or
and capachh@kdbﬂﬂﬁl&rsmm&b&mat&onanbtwnmkuwhlbhtwa&aabhehenpalueern1naI of

the SAWTIJ %;%nf%%t&%“'ti%a‘@f“tlﬁlﬁedgﬁ%a%§ She?alpfqgagy near enough to

t he de5|re assb to at
lowers the effective output impedance of the drive

.20 arrangement._ 5pec1f1ca11y, the capacltor is de51rably selected
:7 to have a value in the same order of magnitude as the
input capac;tance of the SAW filter and preferably less than
5 times the input capacitance. As a result,
in the present drive arrangement, the capacitor substantially
25 affects the resonance frequency of the parallel tuned

circuit including the inductor and series combination
of the capacitor and input capacitance of the SAW filter. vy
(It will be noted that since the input capacitance of a
typical SAW filter is less than 50 pf, if the capacitor has
30 the value of a typical DC blocking capacitor, e.qg.,
about 1000 pf, it will not significantly affect the parallel
resonance.) In ptactice, the values of the capacitor and
inductor are selected so that: (1) the inductor and capacitor
form a series resonant circuit between the input terminal
85 of the Saw filter and AC grdund which resonates at a
frequency near enough to the desired passband to attenuate
double transit signals in the passband which are applied
across it; and (2) the ihductor, capacitor and input

capacitance of the SAW filter form a parallel resonant circuit
40 -



doubl e transit signals in’ the paésband whi ch are appl Led across it; and (2) B
t he |nductor, capaC|tor and input capacitance of the SAWflIter forma

paral | el T.esonant circlit 40 1 - 54 AL N
bet ween the’ qut put term nal of the anpl |f|.eg_.-and AC signal ground whi ch{ K
resohates at la frequency within the desired assband igﬁl ncr ease_t he

ef fective | oad bewasih G OYRIY m%-?ﬂer the amplifier ap néFoPﬂ'Ef‘la&n
network nakes ighdi@ iWwhicH %&oﬂu@sa&to&t prequensygi aiehinhithe Aesired

corpar ati vel Iess current ng theref or

- expenswe an)cgl ﬁastsrh?’%él f‘?‘fg‘p?%%% g%ﬁ%%? ?rﬁ%gaﬁ@ eﬁgnﬁﬁl S?t%ﬁ'«?
second {ransig amplifiidms. a[Fhe ethﬁéﬂmdetheaaiaﬁomateaaesetwgrb;t makest idn. .
I n accor ance &l 0 e e
anplifier can \@%%r ange"%f;]e\g‘}:"’ifrl:'g'%éld’gn J"d{‘ggﬁgﬁ’gtaﬁ%s? 43 Eiﬂaﬂcg%%ect i on
bet ween t he outqompacatively lessicurxzent supPAKHPGf FéPabé-&é-NYaé‘nél 4@ osed
in the 15 The“ﬁi&fa@ F!EesJ @E‘peﬁé‘fvénﬂﬁéaaﬁethéaﬂﬁnér ¥iineO Feaviced’ lthef

the present inventi een oun | ower the_o ut .-i nped of t

drive arrangerr@rh oW {'%]Prrﬂ’ﬁl 58F°Pﬁe%§gﬂﬁil ":?ﬁ'd applied
signal grourg, M&lﬁed@d&lﬁtsraﬁQEhuatgnnl. S appl i ed, nore than
woul d be expect ed 20 SO|§ due e t :_1;[]:@ )
the inductor and capacit 75\?‘1 °#€ﬂ%§€ g?%eae%%##wﬁedﬁ?gg sent

invention wil | irverdsion pethei amplifiexrncant bet mweedp&wuimglud@mawg in

whi ch: FI GURE :
shawi g an enbidqéig"%ﬁ#f%%yﬁ?ﬁéﬁﬁﬁ%‘é@%@?&%ﬁéh@fgﬁj?—ﬁ% e T S e
n

of \atel evi si orkewwinaks ;ofirthe aptifiere syek @Sy ons of
various fre %ff&@@sﬁaﬁéﬂﬁﬁcwheﬁf.' eaeumbeamef Q:Qldr!stﬂiﬁmﬁh network

under st andi of _the present ipven cgl val

shown in FI GQUROE the FP¥%§?§Feﬁé¥e9§gﬁﬁsg§FebPﬁnoI“rf?é“'\%%@sg e L{%{% é:metput
speci fied and -"ip éda‘alikﬁe 681 thel dbﬁ?e ArFangement betwsen ddar domput (HFérminal
SLpnds ior b Cofg S oA FilERE] fnashendighth Brehlddctbed Wtiilh the

tel evision fecd
double transit signal is appl:.ed, more than would he expected

zo.solely due to the series resonant circuit including the._'
inductor and capacitd?.“"' ’ . )
An illustrative embodiment of the present invention will be
dEamﬁledvﬂxhzeﬂaxmcetm»ﬂﬁeamxmpaudnglnamhg.hrw&km:
FIGURE 1 is partially a schematic and partially
95 a block diagram showing an embodiment of the present invention
Voo " employed in the IF section of a television receiver; and
. FIGURE 2 includes graphic representations of various
frequency response characteristics useful in facilitating an
understandlng of the present invention. '
éo ‘ . Typical values are shown in FIGURE 1. All
resistance values are in ohms unless otherwise specified and .
"K" stands for kilohms, "ﬁf” stands for microfarads, "pF"
stands for picofarads, and "ph" stands for microhenries.
In the television receiver shown in FIGURE 1, an
35 IF signal provided by a tuner 1 is filtered by an input
filter 3. The output signal of filter 3 is coupled through
a DC blocklng capa01tor C pC’ having a value selected
so that it has negllglble impedance in the IF passband,
to an input terminal 5 of an ampllfler 7. The putput
40 signal of amplifier 7 is developed at an output



35 | F signal provided by a tuner 1 is filtered by an input filter,3. The
output signal of filter 3 is coupled through a DC bl ocki ng capaC|tor
Clerr], having a value selected so that it has negligible inpedance in the’
-.ssband to an input termnal 5 of an anplifier 7. The output 40 signal
e -Iﬁfler 7 is devel oped at an oufput termnal 9 and coupl ed through
-edameemnnansﬂoanﬂtconpmedmbhkoﬁgh an ampedanctet eransfbriBeaiod a SAW

filter {Qgrguaa ggl #EBLtSQM%%iééE@3%5o§e¥eégﬁe€bf%%€2% utput 5

ter n1na| T 'S coup sectl on | F section s the video,
chron1nan€ée 9@@E§taﬁég§9hcﬁfoﬁﬂﬂaﬁ#éhe€ohﬁoﬂéﬁ?%°E¢dtﬂé aF eutPEt whj ch

are theg Qﬁ%ﬁhﬁﬁltQk{QEDEQEPISdDQBtIPnﬁeeéiénSLQDa|Iﬁr§§€§§¢ﬂ91§90tl(wl21
SAWTfilter, 15 CO”EE'SG an |n ut transducer an n ouf put . transducer

25 formed96keChE Eher Xieegr 8 ﬁPB}BaRS?ec§?PB S0 t?%? snigagion
conpri si ngompbhentst afit thet #F( kidaalk) whikehhapé thensduupledzeoand 25

I ncl udes h cl.kodes 4y N 44 erl eaved. One
of the eIé%%?%%qgvgfgﬁ%gﬁghgréﬁsgugépﬁég ?gaggﬁgéxgeﬁgi€{§o ?%put t erm nal
13a and the ot her ofAWh&ilgpet 18| comprieesoani apputt tnassdueer233i and
connectyed gho chuitpuie tt%ﬁhaalceﬁbs\/\’@beﬂeasoﬁomé%ﬁﬁféeeA&Sagﬁf‘é%grOU”d The

two el ectrqQdes qQf output transducer 25 are connected to out erm nal s

17a and 1®5€°FFdnG éFra§ﬁa3|ngeaﬁd'aﬁBHﬁF18+n201b#@%Pﬁptéﬁtéhﬁt% of teeth
i n each oﬂLumamgduceEachBo&nﬂraﬁsdneeseleatedthSandhuéea theei red bandpass

character C b r o] | F
passband %%gPagﬁgP%g %geggﬁoaggpgggbthﬁ&éggP@gié%ng?gc?ﬁﬁggi%agﬁ%sh|ba ys’
suitabl e P8f @fcthe sAprtrprdes of inpub §EpBREAUCBEpPSAchS ?ﬂ%ﬁ%ct$¢ter 3 ae
wel | agsdicecigbatcesranaal skt ahd thet Beheétr s£cthenivgus| eDestrgpdes he

f. the |F d t . o F | | L t 3
ol ude. aofuABRUE EEARBAPREE, dodfnoPRectsnt cSRBBR Rt BrbEh L B acent
channel (whichnbig EOnneb&edeﬂotACaslghéladFQnBﬂt cHhe ntvo seledtrodes| )
Whi ch ocCYeS ofpt be: %%ak(éaucésécEsaaréneahnéekéartbsoﬁieﬁﬁel befninaibe

above-referre heriault patent. ss freguepcy response
b epgaclng agg @ 2 y P

characterﬂgﬁlénﬁnﬂaptedTPGrnP@PSFv

20 overlap of pairs of teeth in each of transducers 23 and

" 25 are selected to produce a desired bandpass characterlstic
suitable for shaping the frequency response of the IF
passband characteristic. The F 1032U sSaw device
manufactured by Toshiba is suitable for use as SAW filter 15.

25 piscrete component input filter 3 as well as discrete
component filters in the IF section 21 also shape the ' .
response of the IF passband characteristic. For example, -/

input’ filter 3 may include a tuned circuit for removing
the sound component of the adjacent channel (commonly

30 referred to as the adjacent channel sound signal) which
occurs at 47.25 MHz. Such an input filter is described
in the above-referred to Theriault patent.. The bandpass
frequency response characteristic imparted for receivers
employed in the United States is indicated by

36 characteristic A in FIGURE 2.

Voltages developed between input terminals

13a and 13b of SAW filter 15 are converted '
by input transducer 23 to an acoustic wave which is

propagated along the surface of substrate 27 to output
40 ' .
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enpl oyed in the United States is |nd|cated by 35 characteristic A in Fl GURE
2. Vbltages devel oped between, i nput ternminals 13a and 13b of SAWfilter 15 -
are converted by input transducer 23 to an acoustic wave which is Ot
propagat ed al ong the surface of substrat e 27 to output 40 -7- transaggéb
25. The recdived wave is converted to a volffrage which is devel oped bet

o]yt pﬁt term nzﬂren?shcmd 232b Thlef Qet—.-um&éal wavaslseééﬁvéﬁae@b@dea Vo DEddé ON
(6] t he recelve

transd t ed t put
t ransducer g’ﬁ'&hr é'c,se é’(? 6’? wF?ﬁn?H f; %%m ?e%‘?idl.gﬁ\/e is
conver tgd |nt@niannuna$pdwdlng descagbedeabonetterpoetéonedftthesre¢mnved

doubl e Ldan§5ha§@gQ%Ee16er g QQaﬂEdﬁB@rm@ge éeééfgééée&r |é¥%€%£from

t ransducer and 10 receive E trans ucer IS re |
i nput  t r ansdud&RAREPRZC &Py 839p eSG ped brahBRUEcEransdpese 23- i SThbhivert ed
to a voltage hrefdiectidewavel dsr ednvereadt hatdr aptériéoponding gmitag% nce
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t ransducer 23PPGtGQPp9¢ thenvavecreflectpd £rop| eutpuhstransducer c2h and

produce a qboetedeavbaebyrr&aguer edHa8dub¥rt bg Péci-éffe&{:@& ot hﬁb;&@é evi si on

receiver Anpllfle I ncl ydes an NPN transistor 31 configured as a
comon enittef EHﬁFPFﬁgran TRECEAVEAcPY oPUEPURsFERBPAVACT 23 JrhR%R otf 115
si gnal groundconvergedr ¢oi at vodtage hezalin®Fferonafetred i to s£siite thhiplmse

of franst stor eFhasecaigaaied bRubBPuhLeLILREL SelfsfECelyoat NEs Ml Pllca

signal of fil 'S connect ed ween
si goal ground1n251¢ﬁewé§hl€Gf§FeBFetF9n§h§t@@1elsi§n%bnﬁeb¥!§ﬂtirqmukhﬂ

term nal 91phifghsitn t&ﬁhamwa@angﬁbgsgaeean@@éﬁﬂf bt aeeéﬂéa@ééﬁﬂzfleéd\m k
11. The output  of  anplifi.er Eg §F1P ctor trapsi sgor

connected to PREPHHp BPdEEﬁFl 8 55%%55? ?+ TR Eﬁ?éace a
t hrough a resighbst Rhethg. ifi@ge producedﬁbgltheralétunedtﬁbeesfe&ﬂesh t he

bi as vol tage abibhsshanerekasiepde of transistor 31. "Resistors Rerr] and
Rl err]

Amplifier 7 includes an NPN transistor 31 configured
20 as a common emitter ampllfier. The emitter of transistor 31
' is connected to signal ground through resistors REl and REZ
connected in series. The base of transistor 31 is connected
to input terminal 5 to receive the output signal of filter 3.
A resistor ﬁB is connected between the base and signal ground.
25 The collector of transistor 31 is connected to output terminal
' 9 which in turn is connected to impedance transformation
U network 11. The output of amplifier 7, at the collector of
transistor 31,_is connected to the input of amplifier 7, at
-the base of tranSLStor 31, through a resistor RF
- 80 Re51stors RB and RF establish the bias voltage at the
__base electrode of transistor 31. Resistors REl and Rp,
establish the bias voltage at the emitter electrode of tran-
sistor 31. Resistor Rpo is bypassed to signal ground through
a bypass capacitor CE chosen to have a negligible impedance
35 in the IF passband. Reeistor REl; which provides'degenerative
feedback between the base and emitter of transistor 31, is
selected to control the!gain of amplifiéer 11 to prevent it
from overloading. Resistor RF prov1des negative feedback
between the output and input of amplifier 7. This negative
40 feedback lowers the input impedance of amplifier 7-



'iﬁﬁ: RE2 is bypassed to signal ground through a bypass capacitor CB
)Sén to have a negligi bl e inpedance 35 in-the | F passband. Resistor
R[err] whi ch provides degenerative feedback between the base and emitter
of tran§1 stor 31, is selected to comdol the gain of anplifier 11 to
prevent i ted rnwne)\tﬂrquﬂ Ii@.toR%th%t dmpBtapceyi deg.negat e beadpack between

h t t f I | iLve 40 fgedback ovvers t hé
itngu?uf Prgecé‘:}.’% > O r% d et gf qé‘%%r gaé 8§eéy rrgg?fhn?ﬁ? ¥Pedance,
e.g., in tfeedyaik prmf';@edhlhw allse tiwpurs Ghei ;E&putl h.tntpedancghe £ o

' f&e ugpu ance
negati vey feégxt@gé egdpe%é%l d at gtbg\&eq:ér ﬁa‘i 50 s%fﬂé@

anplifier 7 at. out put termn Since the dou transTt

signal is G‘%H’]&crtd%%‘%% §1(95'ta|3-ut13| ﬁﬁé‘ﬂ’&ﬁée-acrpﬁsuﬁ&éﬁgeé§l’#§r e
attenuati qnngémdenatz.ﬁwnm:wdsd e At teti@@tiitnt I&ﬁaab&ﬁaeewaicheed back

i, f, t es _a atively
i gh | oad T o G Y (e Fbgiack of reelbatk 2Relektr Bel' | o
out put i npedance bethanqmttnamﬁqmatgm oletyanki 11 providesna AC si gnal
ground.107sre) { &S0 Iy Hillh C.I.‘Hafderitmpié&h‘?idé ¥ Qp1iETRM 70fanlyr alsbstor 31.is

| essened .and the at'tenuation of the oubI e transit 15 signal 1s i ncr eased

conpar ed (RFWVided |3 rehatdrel i kavh QuEBied at“r"&n?le&f”ﬁﬁf‘l GRPN& wor k 11
as w || becexnpireaInckBabef GAW | filatanas tamhsa‘c)rsm'ﬂaan .k 11 includes an

[ b t _ (.
whioh a sy Mfe it Ebit oY ceild ?"EE’% ComPeidlte,
resi stor 3 ckﬁlrieﬁtﬁwq% and jthe \ﬂmﬂw}@bpﬂ_%d@lb}epmn@&rtam t or 3@,/
connectisd HRderen d Nt dAEd P ediPiRR) dd' @ Fidi 1laraRq AcRdiest or 37 and AC

si gnal grou,nq}rermves C conponenis fraom suppl 5_yolta The val ue of
capaci t or Wlg-hut S Reg ‘ieo%’é F"E%‘\/éﬂeﬂ‘"{ \iv gls}g PRat it has
negl i gi bl eexpieidred dbelow.he | F passband. In effect, inductor L is connected
bet ween t he col | ect ckmpEdarreen st rsdrme fc¥imeatibrAGetivaitX 19 dned udlae ane i ni ng
portion ofj AJRAIANGE connected between output terminal 9 and a
20 terminal 33 at which a supply voltage B+.is applied.

A filter network 35 comprising a resistor 37 connected in

series with inductor L and a by-pass capacitor 39 connected

between the junction between inductor L and resistor 37

and AC signal ground removes AC components from supply
95 Voltage B+. The value of capacitor 39 is selected to have
a relatively large value so that it has negligible impedance

in the IF passband. 1In effect, inductor L is connected N
betwgen the collector of transistor 31 and AC signal
ground. 'The remaining portion of impedance
30 transformation network 11 includes a'cepacitor C connected
between ocutput terminal 9 and input terminal l3a of SAW
filter 15 and a resistor RL;connected between,input terminal
13a of SAW filter 15 and AC signal ground.
The circuit topology of amplifier 7,.inductor 11,
gs Capacitor C and resistor R, and SAW 15 is substantially
the same as that shown in the above-identified Theriault

patent. However, as earlier noted,in_the
Theriault patent, it is taught that the value of

the capacitor corfespon:ding to C should be that of a

40



30 transformatlon network 11. i ncludes ‘a- capaci tor C.connected between

output ‘terminal 9 and input termnal 13a of SAWfilter 15 and a resistor .-
Rl*err] connected between input terminal 13a of SAWfilter 15 and AC signd~
ground. The circuit topology of anmplifier 7, inductor 11, 35 capacitor @
and resistdr RL and SAW 15 is'substanti;?l"ly the same as that shown in t

%i_ﬁove I flent I i:ll%k’iliw loﬁﬁch:eWLtHWaitMI?ﬁmr]a@e nafladi ) d hp., at or
eriault patent, is t t at_ t val.,ye,of_t
cor r espondi né’rﬁ?‘térs q‘g’?&t it pasa heARY - 9-
bl ocki ng capaimpmlanne imn thel QF \peis;,sldwd}e \mhusy, i gt wareomap fawr t han
1000 pf rta)&tq e?%?:qﬁ 4F Thus,
if it were ntg’?l%fg gal ?%%lidl c%gll}' or |?{?eevent hﬁ?{gﬁzﬁgﬁ%aﬁ on of
DC vol t ages t@ltAages mae A fidtes é-‘m anﬂeinm&q e TherdawE
capacitor C coddchiky F%‘cﬁ. cﬁd&ﬁl@@é)rreélraddw bxha icotlducstardi t

%&m

I nductor L is chosen t gapara resoflﬁgtﬁncdt%crctr#%z}fwﬁ%aéﬁol‘f %; tive

10 capacitance C[err]
filter 15 anch&ﬁit - | graaﬁalgiedumésdnadt mm@y:@b&@tefeﬁeq;tme the center

frequency af I dSnit & €53a The -
pur pose of]'% thi's sé:l ect1 orP %xh%.):ﬂ.te to eﬁ% ectively iggpr}tglét he e?if ecta 15 of

i nput capaci &AW Eiltenl5sand 3G aignal grqund hichhresmatest i ve
arrangenment, MGt ally ats HURC It ter NPreniendy) Of heVIE padsbangpedance

I's effective to produce a bi | ateral ed t r ansf ITB.tIOI’l pbet yween out put -

terminal 9 oft&ml id% & ﬁ%ﬁﬁ%‘f €S 3a b1 IWEFIT 15 in the

| F Qgssband tﬁifs:ls‘e]@dﬁi;qn tdﬁ maﬁlm&mfeﬁe@tmmtmq:eﬁttme safifectder of

magni t ude C L, @f ryd5 so that it affects
aﬁie ﬁwpa{;g%éﬁ&% Plemf\¥{idd£rad;

the reson resorﬁt -circurt conprising inductor L and
the series combinati on Db tbhé present ddlustcagive théﬂ?ﬁﬂiﬁ%lﬂ ag .

val ues of C aidctdd® &8 th Stalddtat Mhidie Q@éaﬁlﬁédéﬁé@ﬂﬁ@t circuit

comprising L g dilve %o Srodica "E'n{laddral Uipsasntd £E2008 ERation
between output terminal 9 of amplifier 7 and input

2Q-termiﬁa1.l3a;of SAW filter 15 in the IF passband.

SPécifically, the value of C is selected in the samE_oraer
of magunitude as the input capacitance cs of SAW filter 15
so that it affects the resonance of the parallel resonant
éifcuit_ébmbrising inductor L and the series combination

g° 'The'pa:ticular values of C and L

v are selected so that (1) the parallel resonant circuit

x compxising L and the series combination of C and cS resonages

" in the IF passband and de51rab1y at its center frequency,

25 of capacitors C and C

- .g., 44 MHz; and (2) C and inductor L form a series

30 resonant circuit which resonates at a frequency near
enough to the IF passband to reduce the output impedance
between input. termina1]3a.and AC signal ground to which
the double transmt signal produced by SAW filter 15
is applied. It has been found that selecting the value

85 of in the order C five times or less than the value
of_cs produces suitable results. In terms of the resonant
frequency .oxr zero produced by the series resonant circuit,
1t 1s desirable that it be equal to or greater than

-\\
40: 211\’ 5LCg" ‘
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int | F passband and desirably at its center frequency, e.g., 44 Miz; and
(2)f{Cynd inductor L forma series 30 resonant circuit which resonates’at a
fre @e y near enough to the IF passband to reduce the output 'i npedance
"bet Wwee nput termnal 13a and AC si ground to which the doubl'e transit
si gnal d‘roduced by SAWfilter 15 is i&m ied. It has been found that

sel ecting the val ue I3b opedatitdms, doheedofibilliev &rtansst sn’.ghaisprbdnceaebyal ue

f Cs [ t foqt
oo proddten Sorhe o HEAMEAE e BBl I GRACRETRAERAY, BiBtnA")

equal to ds g"fm-‘@d t4earkhep outpaty jimpedange of &ber driiys, arnangsmens

transit 5'&123::.@19@% e raAenl |cfo@db11a5t11%h\/\©¥nrleﬁﬂléfto§:ekp ,Nghel3a | fd AC
signal groun ed to the out mpedanc t he dr.fve arrangement 5
compr | ¢ n S AR ARt GO Lt i50 CPBRG SR A, BB EPELL uned

circuit cemgt |t.<he1gnmmammmecﬁrmw afncampildif ik rafd etkkhébddteduati opegance of
ampli i er. b Gl (PLAlapiliblled o.M Mlus® 3k #TRY beChpbreliited bnth! | be

appr eci at e onance ol nt Of the series t circult
conpri si ngatlcheamqrmm@ ANt Afctthe serige FypBLe cirsHdt: cOPRARiRg | be

shunt edot Ryl torneyldnd GlinRiuicd¥Eerda)C & hie0 ddubled tdangieUed gnallewiedubki On
of the ou assband will be -

f the.d t A F
nor e pronfﬁ?‘r&ﬁf@%&rpﬁ(@gﬁ {Iﬁgﬁl “X’ 2&%&% m%%ofto" ?é: %.zgnla eaﬁgﬁe *of L
and C is tThe heductizsslh the autput rdpediandehp fr lthea drdves tircanBeard tC of
FI GQURE 2. jHhushe 38 %M%ﬁ' $@S midfre Lp%ﬁoﬁn%uahtmablgséer tﬁat

resonance Is produced at 39 just bel ow the | F passban uce a

si gnifi carf® qe %W"Qelfé@ﬂuﬁ&%efva‘l aes &6f ig &F?dtb,eséf't gagsgan\_/
r esonanée asan‘m/\ha'tdraatadad:yf rciraﬁdu&:e’dﬁetas:sb@nd;nde(:go,f FIGUREM2Z cahpar,ed

to a cent | 1 al_s ctive. This
I s due to%'[ &q%g' aspecati%ey_%r#pmé'dance sf%&L t| o%e%EF%)ngBE?gFFbed
bel ow. | nﬁédmltqednsiftor%ﬁ% rjetahobiel!?ll the 3R yaﬁebﬂedsewlﬂ-he out put

| npedance pycie ed sa.tgrifz.e.'.;&@a?ﬁ;l redulit Fowakee,i Beiedseng Eﬁeefvtaﬁﬁ&sve

i i of |1 f 7. Characteristic. D of FIGURE i ndj cates the
f_?ggu:axs E‘S %rrp t'h resonance somewhat removed from the

20 passband, e.g., at 18 MHzZ compared to a center frequency of
44 MHz,w111 surprlslngly also be effectlve. Thls is due to the
‘gther aspect of impedance transformation network described below.

‘Impedance transformation network 11 not only
decreases the output impedahce presented at terminal 13a but

25 also increases the effective load impedance of amplifier 7.
Characteristic D of FIGURE 2 indicates the frequency response
of the load impedance. This is desirable in two respects. \‘/
First, as compared with the circuit in which C is merely a DC
'blockiﬂg capacitor having negligible impedance in the IF

30 passband, increasing the effective load which transistor 31
has to drive xeduces the current that transistor 31 has to.
supply to produce the seme drive voltage across SAW filter 15
and AC signal ground at a given value of R.. BAs.a result,
transistor 31 can be a less expensive transistor than that

85 employed in the drive arrangement in which C is merely a

blocking capacitor.
While it might be thought that the same result

can be achieved in the drive arrangement in which C merely

serves as a DC blocking capacitor having a negligible
40 impedance in the IF passband, by merely increasing the value



compared With the circuit in which Cis nerely a DC bl ocki ng capaa;

havi ng negligible inpedance in the IF 30 passband, increasing the®

| oad whi ch tranS|stor 31 has to dri.wve reQeges the current that transistor
31 has to. upply to produce the same drive vol tage across SAWfilter 15
and AC si gnal ogrn.gndrapossgnlqemmattmmflﬂ{ esudh aAsed ecsidn witllarsivetrae 131

can be a | ess v r drive

arrangenent | nﬁé Q%é Ene %éﬁi'fié‘%eb ogikl ngé clgépfﬁqutyo?&q&h %léfﬂgtq‘ m ght be
t hought that ThBSSamtheEMtpzeﬁﬁrbe appandeRent, a Hransisdoxn capgddent in
whi ch T nergl £ SBEY93ATAq Cokky Dl S (KA D Iod RISl 0

inpedaﬁte in the IF ass a r easi val y rr]
or possibly oftERi F\ %gﬁ‘%i/%%?ﬂé&ﬁl% \%l 3?"15&3 55‘?3“%%
anplitude of the doubIeTheamBesenneﬁuﬁ réBisxonm hJmhalpmeﬁesurabﬂengenent

a transi stor Q%Réﬁ'?e&é’é?zorﬁv'?i{@té}fﬂ 3‘!;4 eﬁfﬁ%ﬁran?&%es%'fe% g_

consistent wit arning a anmpl i t
presence of r@sfeebivepad jmpedanrceaf rad!i?le‘-%’t%é s itdep IFRPRSgbasAs t he.

TrFequengy %@iﬁegéﬁs@flthﬁohﬁéfﬂfét lhs/teaimh s raaseafé:t ﬁ:e@‘oretﬁaie f(b@{ Qf bF tpe.
asspan ecaus IS e. shar (6] e or (0]
the narat ol FoecRaRstiet HF¥SInt K SHE Eliad hy & RHRE  opeme
since the inpﬁurthgedanzeceft&;wwmbwtCEmpedannetqftﬁAWwﬂemmcesI¢EMdghtoe g.,
h d d | d
in the order gf §515£§+?1939fg?m Ohyts, i‘b%@ﬁﬁgﬁm e tﬁws?kacou

cause the effective edance to be s 1 fi1er coul d
osci [l ate. | noB@artFag, abgence o?f Resisten s ik fause H'é‘eeﬁfé@@'-léﬁe t he

| vartation nf 16adi ﬂmplédaﬂ@edeﬁe ofo JAMYH ltittaetr ah&:lﬁiwd oamidoersleap.aae:\een
oS 50"t FondrhA8alDEf! L6l 0o R R0 AN 4P Rla i U Uk AL LY Galeo "

cost 20 transistor merlng e va sane
order of nagnVGndetuPnGPﬁrtl]letmml‘bdmﬁedama&?ﬁ:eskﬂaﬁ#éﬂ'@’méﬁ-on net wor k

11, also tends to decr eas&dd)e A delrilipeLleveh strlikdny thshoRak even
mhen the zero due to the serles resonance of L and Cis so
effect of enabling a lower power and therefore lower cost

20itran51stor to be employed, lowering the value of C to _
the same order of magnitude of cs to produce 1mpedance L
transformation network 1ll, also tends to decrease the
amplitude of the double transit signal even when the
zexo due to the series resonance of L and C is somewhat

25 removed from the IF passband, e.g., as described above,
18 MHz as compared to a center frequency of 44 MHz. '
It is believed this occurs because, as noted above, the
effettive load which amplifier 7 supplies is increased.
This in turn increases the forward gain of amplifier 7.

30 In accordance with a well-known feedback equation for
determining the output impedance of an amplifier with feedback

of the Ioad i npedance. This is’ desi rable in two respects. First,
ective

= 3oy,

g
ouT T+ga

35 where Zogp' 1S the output impedance with feedback, Zyyp is
the output impedance without feedback, g is the feedback
factor and A is the forward gain, by increasing A, the
output impedance decreases. Thus, the impedance

transformation provided by network 1l increases the
40



25 renoved fromthe IF passband e.g., as descriped above, 18 Mz as

conpgeed to a center frequency of 44 MHz. It is believed this oecurs

bec.‘ as noted above, the effective |load which anplifier 7 SUpplles S
:vl

i ncr This in turn increases the_fgrward gain of amplifier 7. 30 In
aCCONG e wth a well-known feedback equation for determ ning the out put
i npedance Gt tehuaion§ io€r thet Aolibddbaekngder fighabhbyetwbemethahfshbe

[ h
fecdback | [y FESqig FoSdsasn FREPBRAEALRCHLS: RS FOPRAY o Bl hatbh?
i ncr easi ngaf StAI’iré fadteat 15npevringeadsesonsnse Fhase eheughptdatbe
transforaa&wO@aQ@s%h@e@one@%kﬂea%eli gﬂﬁﬁéﬂﬁestﬁaeaéable £d2as bt enyglion

of the doubletransit. signal by two nechanisns: (1), creating a_series
resonant ciSt@RaL ia@ndhdd P@Fﬁ?ﬁéFnQBtBF fapward: gainsofi 3Rl EieEsbnance
cl ose enougind ahelreby aEcnaaslimgd:.i:er oatpaet impegansant i ng the doubl e
transit signal; and &%) nﬁ%%ga'Qﬂa£h§h20i$@a€183' O%ﬁ% #Ifl r 7 and

t her eby decrea5|ng i f's output not cation of
resi stor ES+§m@pﬁ$@n¢antIflBLRpérd}restaYregnnycteﬂnbotedtpotoutput 10

tern nallo9 tefrnafalli bi oF 4 atiftiae ?9' laeCi;ﬁé eéliéée&safrtﬁ&nsﬁétbf 31,
suggested i_.n t.he "Surf e Filter Mnual ﬁ?lcatlon

publ i shed BY ﬁﬁesﬁﬁﬁﬁfgcﬁhﬁﬂf Fur§H§¥Eﬁe Appystif Uﬁﬁ%nF%%E%El

di sturbed by err age icarlyrnt
| over the &RtbEX bapoal LnpBSakeEmdnak hBarPErSAW Bl

i npedani® capaedted betuagnlm@aahn&erﬁtaaéféﬁmeiléwwﬁfé+i&éd a e gpal

i Touit ackdddl BS AOERESBRCBYnFLr cBRPROE LRLLY, ?*Fe#ha@%r"r@%‘%ﬁ?st?ftgfm]

is omtted c@sfsggg'a&u.ed,b thelWUlaWarl\/aheaéffepetvél Toad yimpedapegest 21
and 22).. The1f¢hkawhngnkabheshstie! batpAt MRASHLELe CdbMlcted between
input terminal 13 of SAW filter 15 and signal ground to
2°.wh1ch the double transit signal is applled compared to the
circuit accordlng to the present teachlng. The latter also
occurs if RL is omitted as suggested by the Murata Manual
(specifically, see pages 21 ‘and 22).
The following table is a list of measured output
25 jimpedance values for the circuit arrangement shown in
FIGURE 1, with the values indicated, for different values

Rarly, see
pages 14 arforl3)V Applieatiba’t publiphedtbynthel MiRatafM&iiEactaeing5, after

o S L SR GBIl U B 1
¥ear sk5 ¢ iRl put ‘\/

a

of C including 1000 pf and values in the same order of ~

magnitude as C In this arrangement a Toshiba F 1032U

s.
SAW filter having a CS value of approximately 16 pf was

30 ytilized.

OUTPUT IPEDANCE MAGNITUDE
FREQUENCY C = 1000 pf C=82pf C =63 pf C = 56 pf

40 MHz 290 225 . 209 190
a5 42 ' 280 236 225 209
44 264 238 224 213
46 245 224 226 212
48 248 231 227 219
50 240 230 ' 220 220

40 It will be noted that even at 82 pf (the closest réadily



25 i npedance val ues for the.circuit arrangenent shown in FIGURE 1, with the
val Ues' i ndi cated, for di fferent values of C includi ng 1000 pf and val I n
the sane order -of magnitude as Cs. In this arrangenent a Toshiba F
SAWTfilter "having a (Jerr] val ue of..apprOX| mately 16 pf was 30 util
OUTPUT | MPHDANCE MAGNI TUDE FREQUENCY  €%3%000 pf C =82 pf C =060

5380 56 pf 40 aMéZLlable ca%%@utor to 80 3%56953C ) whiffl produc 5% éggeéges

238 rggpnance withy {.3 a,1:6 approximately 458 MHz » the owyyput impedance;

212 48, 1S low¥4S than one wodld expect meZély due to tliégc&@trlbutlon
240

220,40 4| frpri | t hat
at 82 p}’ (t%eo 8‘5 szterlpegéz %% rIﬂz'li%Whé&al F Fg I“éﬁac{"i‘% gl ?al—n gven
Cerr]) whi cl@qmmmwmeela@@el betweenndA0l pftand 82 npp:.@xamr@xwa&m

~the output i npedancRnts ':.‘E‘N?Jast B@Enoﬁéuﬁﬁukﬁa&xaﬁéﬁ Q'ef'&!h‘lcgi:@nt@aﬁ he
contribution 5 of the_zero at MHz . MHz, the reduction in

out put i nped&ffeBHiRdan rfé(‘j‘ﬁ’e FhSnGmgélﬁPdFs°§pEP8xﬁi?r‘é}P%?ytxi?)n‘-’p’e? C%Hna]rt
has been -f:oumd:mﬁaﬁedsm.lthatheduom)opfcetlreﬁﬁ.ect ively reduce the arrpl i tude

of the dou@ue transit sig ,egﬂevaggu QL P rnfa tm
C

It is of rse desirable t at emaxumma enuaflono th uble'
transit signaftberuptienied ?F%t‘lﬁ‘éb-"f,%r‘?#@?s%# skonadg Qoanr tﬂ#e thénter of

the I F PafSSbaﬁﬂctﬂrQ c?ﬁi'léﬂ dMizat Fﬁé‘ﬁ‘@{aigﬁhél\ﬂ éénﬂ;& e &he that t hg c

resonan requ 0 e series nan circuit canprisi an

(ive,, [err] )q% C%/ﬁ'é t 2ohant>F r%{]ﬁgﬂ%y FHOHE e I"%‘tci? ﬁﬁ’%t IacT rcuit

coqpri sing L tinatttize scesesanonfregueéncy off Glendsedfims [re@omant [err] cannot

both be at, éh&ff@iﬁ’r &f‘p;_.{@“{% r@l (1%20 Nek/ert)tggldes& t,;;_,b elgetion
y equa err 0

cf C approXi hate | S5 W cn,ﬁ'u the d e tran5|t
signal in the freavency Af. thepars %s‘???ﬂﬂ-"ﬁl%l it \qupl’d{Slng L and

. _ 1
the series comblnatlon of C and.cS (i.e., 2"-—7525—-
Ligze.)
cannot both be at the center of the IF passband S
Nevertheless, the selectlon cf C approxlmately equal to
5 CS or less will reduce the double transit signal in -
‘the IF passband. This is desirable since it will at
 least reduce double transit signal components occurring
25 at the frequency of the color earfier'which,:e.g., in the
.United States, occurs at 42.17 MHz.
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| east reduce double transit signal conpdnenrsfocgurring 25 at the frequency

of the color carrier which, e. g in the United States, occurs at-.42.17
MHz . 4 5 40 -14- CLAI M5: _par at us corrprl sing: 5 ‘an
anpl T havi ng an input term né’l for receiv- ing an input signal and.an
out p erm nal at which an output signal is produced; a surface wave

devi ce~havi Eg Elﬁgt and second input termnals, said first input term nal
bei ng conne for receiving an |n£Pt S|gnal sai d second i nput

term nal being connekt ed*PRAEAHSP nEOBPL 2ELBIHund potentlal and an out put
term nalg at ahi ch arh&Ué@yilﬁiﬂﬁahaVSngraduﬁ:ﬂﬂutsaedminaﬂ.afervmeedsw ce

prowdmgapredeterm band- S fllte S fLltering
said i nput AR ‘rﬂ’b%lm% L) o‘fﬁ hgélﬁlérfl%féi s%il:d égé a%:é vva\\'/'g
devi ce exhlbnMpu;zsxgnxtnisupnpdﬁezdj betmeen its input termnals; and

| npedance transforr '9@r§§@€5w£9Hp5891@€tHﬁ@ﬂngh219ﬁkpﬁhdt%@@b&d of said

anplifier and said I rst 1 nput term nal sai d surface wave device f.or

| oweri ng t hénpwledarninalsaispid (EirstpinaPye FeFminatl being,ranagrfigd.
wave deyg ce g3 T@ééiﬂfhéféﬁﬁaﬂp&tg§ﬁ¢ﬁaprOdwﬂ@dseﬁohaainﬁEtleermmdal

i ncluding an inductor nected bet we I d_out nal said
anplifier aR®ing cF‘b‘UP?E YrRhat p%{]e%?l %fo‘émg %g%?{ig}a% 8§%nect ed
bet ween salQnmﬂunﬁutexemm&ﬁabfaSawmzeﬁ anaoptphtesignal sasdprpdycednput
term nal of said sur e e -t hat
the effecti \?@’t‘gpsé%régge ?gﬁﬁ S'Vi‘&i(hﬁbaapi‘ééﬂ’ée?ﬁkﬁﬁh Bah@

ance |es colbi nation of sal d capacitor C
and sai d capsss ditckted e¢h€}r$%t%{|b%taﬁtfa¥l§1HF¢F6PSnFa#f30H‘PQ§td519“31 «

capaci t pace «J efrdaaedl @a:[@sééiﬁﬂﬁesfbﬁﬂntsﬂhﬂesﬁkfaéenﬂﬁ@bedebﬁt\éeen 30/
the first input termnal of said surf |qt of _.AC

ce.and, sai Q
ground pot e®X¥iPiF PR FRRITIEAPRG Senﬁmﬁ Eeﬂa#ﬁglgpﬁfn ?e g'pﬁf’al F3&8nce
in said passband of sapedanos ftasasturmetidaviems couplegd between the output

terminal of said amplifier anc séid-fitst'input'terminal of said surface
wave device for lowering the impedance at said first'input términal of
20' said surface wave device to multiple transit signals produced in thet
" aev1ce and including : i , o _ ' S N
| an lnductor L. connected between sa1d output term1nal of said
amplifier and said point of AC ground potential
a capacitor C connected between said output terminal of said
25 amplifier and said first input terminal of said surface wave device and
having a value selected so that the effective capacitance CE of the
series combination of said capacitor C and said capacitance CS is \

substantially different from said capacitance CS and.
a resistance element directly connected between

30 the first input terminal of said surface wave device and
said point of AC ground potential without intervening
elements having significant impedance in said passband
of said surface wave device;

the effective capacitance CE and said inductor L

35 forming a parallel rescnant circuit between said output
terminal of said amplifier and said point of AC ground
potential having a resonant frequency within said pass-
band.
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t he effective capacitance CE and said inductor L 35 form ng a parall el
resonant circuit between said output terminal of said anplifier and sa¢
poi nt of .AC ground potential having a resonant frequency within sai 4
band. 40 - -15- 1 2.. The appgnatus recited in Claim1l
sai d capacitance value Cis in the sane order of magnitude as said
capacitance value Cferr]. 3. The apparatus recited in Caim2 wherein: 5
sai d capacitgance val ue Ce' S @h@sseguakhg peHakelioifr ch8sh LhanerfiRrrl. 4.
The apparatus recited-in Caim1l wherein: said anplifier includes
feedback meansSabiipF *ERG bt BREQCEAL YR 9 bﬁtbﬂttﬁﬁdsPﬁﬁu?rgéFnPﬁaP§96+tE%?d
anplifier for 89Psyidocapat £8ahcd PRLLeL00 0f said output signal of said
anpllfher to said input termnal of said anplifier. 5. The apparat us
recited in Caim4 wherein: 15 said anplifier includes a transistor having
its base el ectrode canne3tedThe apparahpatresitedalinofleimd2awpkereine; *
its enitter |§fié0@§pﬁeﬂ@§f§é§dv&i’u§atdlﬂobﬁﬁsegné‘gaii?n@lqualgEQUBQ 1204
its collector ectrode connected to said output termnal "of said

anplifier; andt BaRedfgt or connected between 20 said col | ector el ectrode and
said base electrode. 6. The apparatus recited in aim5 wherein: said
anplifier includes a resjsto, o] e he e ter ,el gctrode and
sai d point of AC signal grou%%g ggsggggygi#&ggqﬁét%grghgdnpgls?ng ag

anpli fier coupveereim: ansfifeanptifienninclndesofieedbegkt megng coubied
acoustic vayg betWlehi S5488 Savpbne ﬂn&rﬁﬂﬁherQEPﬁgnB§§SB@”Qaﬁﬁdaﬁ?ihﬁﬂeﬁn

|nput capaC|tance C between an_input and round

dance trantPbrARPIBENE| Rt T2 BnﬁrPQFﬁQ°&n°?nHGgPaREngF sappal of
coupled bet weesaidecampl phiepf téheahdpinpuer tepainad A€ siaddabhmplafitdr.a
capaci t- ance of value C coupl ed between the output of the anplifier.

5. The apparatus recited in Claim 4 wherein:

15 said amplifier includes a traﬁsistor having its base
electrode connected to said input terminal of said amplifier;
‘its emitter electrode connected to said p01nt of AC signal
ground- and its collector electrode connected to said output
terminal of said ampl;fxer:'and a resistor connected between

20 said collector electrode and said base electrode.

6. The apparatus recited in Claim 5 wherein:
said amplifier includes a resistor connected between the
\_ emitter electrode and said point of AC signal ground.
25 °
7. A filter network comprising an amplifier
coupled via an impedance transformation circuit to a surface
acoustic wave (SAW) filter having a predetermined passband
and having an input capacitance Cs between an input and
30 AC signal ground, the impedance transformation circuit
comprising an inductance of value L coupled between the
"output of the amplifier and the AC signal ground, a capacit-
ance of value C.coupled between the output of the amplifier
and the said input of the S5AW filter and a resistance of
35 value RL coupled without significant other impedance in

| o



and the said input of the SAWfilter and a re5|stance of 35 value RL

L]

coupled wi thout significant other inpedance in -16- 1 series theremﬁth
bet the said input of the SAWTfilt and AC S|gnal ground, ‘the

tra X)mation circuit being arranged™so as to present to a signal

refl d fromthe output transducer to the input transducer of the SAW

filter a series arrangenent of the inductance L and capacitance C 5 coupl ed

bet ween t hé S&F&eSnShersewd thcbetyesn d’rh(?ur'?(?léind"r%‘sto tthe SAWLihter of
| ow i npedancanat acsgignaif geqmacy te tt&aﬁsfmaﬁﬁdma:méﬁeetsdlﬁggnal

and so as to_present, to a _sign fed fromthe a | hg SA |Iter
an arrangeneﬁ?rﬂgﬁﬁgeﬁ°tﬁé §§'@reﬁﬁﬂﬁ &% 2E¥E iﬁi) é gﬁﬂ V%L
i nduct ance 16utpus mmapsﬁabbtltm1ﬂhd¢nnpur|uzansdunqxnn!nthé Shw fapaért-

ances C and ﬁigge‘.é’maﬁ-gan e‘in%%cé”%rft uﬁﬁer ddRd Y é}%é?ﬁe{?%égaece

RL present% a e at, f requency w passband
15 cgup Rdf Plettéﬁee@ett\h@r rsasmbgtmq Ang s sigrahbaroweddandri bed

with referengésdr@gntiyr ssd Lh@él@f21ou9mpe%aheé Qt, Blid) al £eRiusAty @8 i Si ng
apparatus accordin Rg any.,one of . cl nd1 togétor a fléter net % go
accor di ng tan‘Feé‘P < 8¢ ‘?% egtegysignal, and so 8s to present to a signal fe

from the ampllf;er to the SAW filter an arrangement between
the said input and AC signal ground in which the inductance

10 L is in parallel with the series arrangement of the capacit-
"ances C and Cs and which is resonant at, and_togethér with ' '/
the resistance RL presents a high impedance at,_a further
freguency with%g the passband.

15 8. A filter network substantially as hereinbefore
described with reference to Figures 1 and 2.
9. - A téleviéion reCéive: comprising apparatus
according to any one of claims 1 to 6 or a filter network

20 according to claim 7 or 8. -
<
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