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SAW FI LTER FOR A TUNER OF A DI G TAL SATELLI TE RECEI VER The
-invention concerns a surface acoustic wave (SAW 5 filter of a tuner for a
-.satellite receiver, especially one capable of recei ving and processing
tel evi si on sWMeEAIT ansnitted in digital form PCT/US96/0%732
satellite television receiving systemincludes an "outdoor unit"
-including a dish-like receiving antenna and a 10 "bl ock” converter, and an
"indoor unit" including a tuner and a si gnal processing section. The
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FM nmodul ation, §3figé of relatively high frequency RF signals transmitted by the
satellite to a more manageable, lower range of frequencies.
In a conventional satellite television receiving system
15 for receiving and processing television information transmitted in
analog form, the RF signals transmitted by the satellite are in the
C (3.7 to 4.2 GigaHertz) and Ku (11.7 to 14.2.2 GigaHertz) bands,
and are converted by the block converter to the L band (900 to
2000 MegaHertz) as a "block”. An RF filter section of the tuner of
20 the indoor unit selects the one of the RF signals provided by the
block converter corresponding to the selected channel and the
selected RF signal is again converted by a mixerflocal oscillator
section of the tuner to a lower, intermediate frequency (IF) range
for filtering and demodulation. Typically, the IF frequency range
25 has a center frequency of 479 MegaHertz. Analog satellite
television systems typically employ FM modulation, and a
baseband video signal is readily obtained from the 479 IF signal
by an FM demodulator after filtering by an IF filter. A relatively
simple surface acoustic wave (SAW) device can provide adequate
30 filtering.

In newer satellite television systems, such as the DSS™
(Direct Satellite System) available from Thomson Consumer

. Electronics of Indianapolis, Indiana, television information is
transmitted in digital form. RF signals are transmitted by the
- 35 satellite in the Ku band, and are converted by the block converter

to the L band. The frequency range of the RF signals transmitted
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479 demodulation. However, the type of filtering ("symbol shaping")
required in digital satellite television receiver, cannot readily be
10 performed at the relatively high IF frequency (e.g., 479
MegaHertz) employed in an analog satellite television receiver,
especially using a SAW device. As a result, a relatively expensive
. digital filter will be required for filtering the demodulated digital
signals. Alternatively, the tuner can employ a second conversion
15 stage to convert the relatively high frequency (e.g., 479
MegaHertz) first IF signal to a second, lower frequency (e.g., less
than 100 MegaHertz) signal for filtering. However, the second
conversion stage adds undesirable cost to the receiver.
. It is also desirable that the tuner of the digital satellite
20 television receiver be capable of being comstructed utilizing
components which are already commercially available and
therefore relatively inexpensive. Specifically, in this regard it is
desirable that the tuner be capable of being constructed utilizing a
commercially available integrated circuit (IC) which incorporates a
25 phase locked loop (PLL) for controlling the frequency of the local
oscillator. Since a large number of tuner PLL ICs for conventional
television receivers which receive and process conventional
broadcast and cable television signals are widely available, it is
particularly desirable that the tuner of the digital satellite
30 television receiver be capable of being constructed utilizing such a
conventional tuner PLL IC.
The present invention is directed to a SAW filter for a
the tuner of a digital satellite television receiver which comprises
a single conversion stage for converting the selecied RF signal
35 received from the block converter of the outdoor unit to an IF
signal. For the reasons to be described below in detail with
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Figure 3 is an idealized amplitude versus frequency

response of a SAW device employed in the tuner shown in Figure
15 1; and

Figure 4 is graphical representation of certain
characteristics of a SAW device as a function of temperature and
frequency which are useful in understanding the selection of the
particular type of SAW device which is desirably utilized in the

20 tuner shown in Figure 1.

The invention will be described with reference to a
digital satellite television system in which television information
is transmitted in encoded and compressed form in accordance
with a predetermined digital compression standard, such as MPEG.

25 MPEG is an international standard for the coded representation of
moving picture and associated andio information developed by
the Motion Pictures Expert Group. The television information is
represented by a series or stream of digital signals organized imto
packets corresponding to respective video and audio portions of

30 the television information. The digital signals are modulated on a
RF carrier signal in what is known as QPSK (Quaternary Phase
Shift Keying) modulation and the RF signal is transmitted to a

. satellite in earth orbit, from which it is retransmitted back to the

earth. A satellite typically includes a number of transponders for
35 receiving and retransmitting respective modulated RF carriers.
The DirecTv™ satellite television transmission system operated by

‘w
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3 reference to the exenplary enbodi nent of the inventjon, it is
-desirable that the IF signal has a nom nal frequency in the order of 140
-MegaHertz (MHz). For this tuner, the SAWshoul d be of the t,%gqewhavi ng a
lithiumtant WOeE3%qWostrate. 5 Vari ous aspect sP&F 7732

i nvention will be described in detail with reference to the acconpanyi ng
"Drawi ng i n which: Figure 1 is a block diagramof a digital
satellite tel evision receiving systemincluding a tuner constructed in
accordance wth an aspect of the inventign; 10 Figure 2 is a

bl ock di agram of a_phase | ocked, | oop .funing control integrated circuit
used in the tunthe sjGorpogation of California is such a digitajusateBites an
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devel oped byl 0 (e.ge mbtheod band ihetwes 250 atd ol4H0 MHz). el Blocki converter
information is 3 jncludes a low noise amplifier and is therefore often referred to

by the initials "LNB". Antenna 1 and LNB 3 are included in a so

called “outdoor unit" 5 of the receiving system. The remaining

portion of the receiving system is included in a so called "indoor

15 unit" 7.

Indoor unit 7 includes a tuner 9 for selecting the
particular RF signal corresponding to the desired channel from the
plurality of RF signals received from outdoor unit 5 and for
converting the selected RF signal to a lower, intermediate

20 frequency (IF) signal. Tuner 9 is constructed in accordance with
the present invention and will be described in detail below.

A QPSK demodulator 11 demodulates the output signal
of tuner 9 to produce two analog, quadrature phase digital signals
(d and Q). A decoder 13 produces a stream of video and audio

25 packets from the I and Q signals. Decoder 13 includes analog to
digital converters for converting the analog I and Q signals to
respective series of digital samples and an error corrector which
corrects transmission errors based on error codes embed in the
transmitted digital signals. The video and andio packets of the

30 digital - stream produced by decoder 13 are routed by a tramsport
unit 15 to respective sections of a digital signal processing (DSP)
unit 17, :

The digital satellite television receiver described so far
is similar to the DSS™ gatellite television receiver commercially

35 available from Thomson Consumer Electronics, Inc. of
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amplifier and 0g9! hahef sagpuef 6 mixef H09eis hfplified by an amplifier 912
10 and coupled to the input of an IF filter 913 comprising a SAW
device. The output of IF filter 913 is coupled to output 915 of
tuner 9.

The frequency of local oscillator 911 is controlled by a
phase locked loop (PLL) 917 comprising an integrated circuit (IC).

15 The frequency of the LO signal is controlled by the PLL IC in
accordance with data generated by a microprocessor 919.

As shown in Figure 2, the PLL IC includes a "prescalar”
frequency divider 917-1 for dividing the frequency of the LO
signal followed by a programmable frequency divider (+N) 917-3.

20 The PLL IC also includes an amplifier 917-5, which in combination
with an external crystal network 917-7, comprises a reference
frequency oscillator. The output of the reference frequency
oscillator is coupled to the input of a reference frequency divider
(+R) 917-9. The output signals of programmable divider (+N)

25 917-3 and reference divider (+R) 917-9 are coupled to respective
inputs of a phase detector 917-11. The output signal of phase
detector 917-11 is coupled to an amplifier 917-13, which together
with an external filter network 917-15 comprises an integrator
for producing a control voltage for LO 911. When the phase

30 locked loop is locked, the frequency of the LO signal is
proportionally related to the frequency of the reference frequency
signal produced by reference frequency divider (+R) 917-9 by the
programmable division factor (N) of programmabie divider (+N)
917-3. Programmable division factor N is controlled by data

35 generated by microprocessor 919.
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10 the frequency RF signal for the respective channel (transponder).
As a result, with a frequency range for RF input signal between
950 and 1450 MHz, the frequency range of the LO signal is
between 810 and 1310 MHz. The 140 MHz IF frequency allows
the a SAW device with the required characteristics, as will be
15 described below, to be used. The 810-1310 MHz frequency range
of the LO signal permits a PLL tuning control IC conventionally
used for broadcast and cable receivers to be used. Such an IC is
TSAS5515ST commercially available form Philips Semiconductors
and others. It is noted in this regard that the maximum LO
20 frequency available using the TSAS5515T and similar ICs is in the
order of 1300 MHz, which is adequate.

It will be noted that different IF frequencies are
possible, and, in general terms, the IF frequency may. be selected
to be in the order of the difference between the highest frequency

25 of the RF signal received from the LNB and highest local oscillator
frequency available by utilizing a conventional tuner PLL IC
normally utilized in conventional broadcast and cable television
receivers.

Desirably, tunable bandpass filter 907 should remove
30 the image of the desired RF signal which is at a frequency 280
MHz below the frequency of the desired RF signal,

In a digital transmission system, it is desirable to
perform what is known as "symbol shaping” to provide a signal
relatively free of intersymbol interference.  Such interference

35 may be produced due to improper filtering of high frequency
energy of the pulse components of digital signals in the



I ndi anapol i s, Indiana. The present invention is concerned with details
of the inplenentation of tuner 9. Tuner 9 receives the RF
si gnal provided by LNB 3 at an input 901. The RF input signals are

filtered by a wideband 5 filter 203, anplified by an RF anplifier 905, and
filtered by AY09%3%TMabl e bandpass filter 907. The resultanﬁ@‘@?ﬁ?ﬂ?’is

coupled to a first input of a mxer 909. A local oscillator signal
‘produced by a local oscillator (LO 911 is coupled to a second input of
m xer 909. The output of mixer 909 is anplified by an anplifier 912 10
and coupled to the input of an IF filter 913 conprising a SAW devi ce.
The output of IF filter 913 is coupl ed t o out put 915 of tuner 9.
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frequency characteristic (i.c., the shift of the center frequency) with
15 temperature; and (2) the change of the relative bandwidth (i.e.,
the passband width divided by the center frequency).
The most common type of SAW device utilizes lithium
niobate (LiNbOj) as a substrate. A lithium niobate SAW has a
typical temperature coefficient of -90 ppm/degree C. The present
20 tuner employs another type of SAW which utilizes lithium
tantalate (LiTaOj3) as a substrate. A lithium tantalate SAW has a
typical temperature coefficient of -23 ppm/degree C. Assuming a
temperature range of -20 to +70 degree C, and a center frequency
of 140 MHz, the following evaluation can be made with regard to
25 frequency shift with temperature:

lithium niobate produces a temperature drift of
140E6x-90E-6x+/-45 = +/-567.0 Hz; and
lithium tantalate produces a temperature drift of
30 140E6x-23E-6x+/-45 = +/-Y44.9 Hz.

v Assuming that a shift of 500 kHz, which may produce a noise
margin degradation of slightly less than 0.1 dB, is undesirable, a
lithium niobate SAW exceeds the 500 kHz goal over the range of
temperature variation. To use a lithium niobate SAW, the center

35 frequency would have to be reduced to 123 MHz or. lower to
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earlier noted, it is desirable that the tuner have the foll ow ng three
characteristics: (1) include only a single conversion stage; (2) provide
an |F signal with a | ow enough frequency to all ow a SAWdevice to be
used for digital synbol shaping, as well _5 as normal IF filtering; and (3)
be capabl e of being constructed utiliz® ng a PLL tuning control IC

conventional | y umethtdinr ther 560kHzt goal. arWithab| kithiwmecianealate SAW, ithe
acconplished in ehestn ) ter frequency of
the I F signal toé%lgerggl‘gﬁﬁﬁzcytaﬁﬁff l?%otnot rb§I %"gig eb?ﬁgg@g'n,cy of the LO
signal to be 140 Mz bel of¥S1te t1elatives ban W!A the fellowing ishaotedspect i ve

c_hannlel b(t raHSpoGdﬂerglly, wiﬁ%rgrdlﬁvé tban&i;cwihﬁﬁ'fﬂmuwmdl?nﬂﬁfidug Ro | nIOU_t
Lo et vecrs, mabe i O e AR 1 Wpkeflor I8 LOBET 1S
devi ce with the teayirer e useyofca dithiumcniobate \ﬁAWYbé-%eﬂéghﬂVBed bel ow, to
be used. The 81lObandwiditiizequitsitensyallowdthe uséfoft BitherOtgpevfl SAWM t5 a PLL
tuning control |45 GReeQisd Hildrwith a center frequency at 140 MHz has only a
relative bandwidth of 14%. If a 18% relative bandwidth were
10 required, an IF center frequency of 110 MHz would be required.
Figure 4 graphically summarizes the characteristics
discussed above. Figure 4 shows the frequency regions where a
lithium niobate SAW or a lithium tantalate SAW or both may
satisfy the temperature drift and relative bandwidth
15 requirements, and the result when both requirements are
considered. As can be seen: an IF frequency below 110 MHz
requires a lithium niobate SAW filter; an IF between 110 MHz and
123 MHz may utilize either a lithium niobate SAW or a lithinm
tantalate SAW; an IF between 123 MHz and 483 MHz requires a
20 lithium tantalate SAW, and a SAW for an IF beyond 483 MHz
cannot satisfy the requirements due to excessive temperature
drift. For a 140 MHz center frequency, a lithium tantalate SAW
should be used.
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PCT/ US96/ 07732 (9) comprising:
an RF input for receiving a plurality RF signals
provided by a block converter (3);
a local oscillator (911) for genmerating a local oscillator
10 signal;

' a mixer (909) having a first input coupled to said RF
input, a second input coupled to said local oscillator (911) and an
output at which an IF signal is produced; and _

a surface acoustic wave (SAW) filter (913) coupled to

15 said output of said mixer (909) for filtering said IF signal

including symbol shaping for reducing intersymbol interference;
said SAW filter (913) having a lithium tantalate substrate.

2. The apparatus recited in claim 1, wherein:
20 - said block converter (3) provides RF signals in the
order of 950 to 1450 MHz frequency range and said local

oscillator (911) has a frequency range in the order of 810_ to 1310
MHz. '

25 3. The apparatus recited in claim 2, wherein:
said SAW filter (913) has a nominal center frequency
of 140 MHz.

4. The apparatus recited in claim 1, wherein:
30 said local oscillator (911) is included in a phase locked
. loop (911, 917) for controlling the frequency of said local
oscillator (911).

5. The apparatus recited in claim 4, wherein:
35 said phase locked loop (911, 917) includes a phase
locked loop tuning control integrated circuit of the type which is



transmitter due to bandwidth linmtations. The desired synbol shapi ng

function may be shared between the transmtter and the receiver. In the
‘receiver, it is desirable that the IF filter provide for synbol shapi ng,
'as well as the normal IF filtering function, so 5 that a separate digital
filter not beWOS§@PT8d. By way of exanple, the IF filter 56?’8'(7?%

what is known in the digital filter arts as roete—r—a4—sed—eesene———
response. Such a response in shown in Fi gure 3 A be used
to provide synbol shaping provided that its char act@ﬂl dm “ul
carefully sel ected according 10 to aspects of the inv now

be descri bed. Two proper Oes of a SAWTfilter are consi der ed
i nportant for apetmalyi atilizedain ucenveritionali ¢erredtriaht brdadcast edml/ i cible

recei ver. These ) erall shift or offset of the filter
characteristic Eﬁ&ﬂsx&%géc‘éﬁv@ of the cente frequev\gy) w th 15

tenperature: and (2) the & hakRR apparaius Tecit whegeing | t he
passband wi dth divi ded bnhehﬁeqmmgr of r thgudRcsignal is selected to beThe thest

g(lj[)ng?::]a’; )E,/‘pe ° ?ﬁ&%?n%g: at e é’xﬁaéém%mthe ﬂlgﬁ@{it &eéhbwgacoe%fl Cl ent

of -90 ppnl degré’é nals meweés dremy paid nBlock 069’9“% gheohightstwhi ch
util |h zes lit h| qucal bsuillatozt &e@hcﬂaﬁ&vaihb@e Sb:bsﬁtﬂ&ilﬂ éaildl tphasen loeked! at e
SAW has a g%,td | -23 pprrl degree C. Assuni ng
a terrperature ngeﬁg%i’%u ein aée rcglg: ,‘ and a center frequency of

140 MHz, the follow ng evaluation can be made with regard to 25 frequency
shift with tg@perature: 7, The apparatus ﬂebitbdtifﬂ ﬂhﬁhaéeuﬂ{&dhﬁes a

et S g sk, s 5 i) e gl B
t@ hd

140E6x- 23E- 6x+/ frequengy r_ansegmmhe ordensef AS6y 0 MBz @néf saido legal

whi ch may produe@scittafest $211) has'ai dquéﬁeyaﬂm 20l de Yriahtdfy81@se 1820 0.1
dB, is undesi faihﬁz a I'i thi um ni obate SAW exceeds the 500 kHz goal over
t he range of1

8. The apparatus recited in claim 6, wherein:
said SAW filter (913) has a nominal center frequency
of 140 MHz.

20 9. In a digital satellite television receiver for
processing digital signals modulated on respective ones of a
plurality of RF signals received from an outdoor unit (5) including
a satellite receiving antenna (1) and a block converter (3), a tuner
{9) comprising:

25 an RF input for receiving a plurality RF signals
provided by a block converter (3);

a local oscillator (911) for generating a local oscillator
signal;
a mixer (909) having a first input coupled to said RF

30 input, a second input coupled to said local oscillator (911) and an
output at which an IF signal is produced; and

a surface acoustic wave (SAW) filter (913) coupled to
said output of said mixer (909) for filtering said IF signal
including symbol shaping for reducing intersymbol interference;

35 said SAW filter (909) having a center frequency which varies less



tenperature variation. To use a lithiumniobate SAW the center 3 5
frequency would have to be reduced to 123 MHz or. lower to WO

96/ 39778 PCT/ US96/ 07732

8 mai ntain the 500kHz goal. Wth a lithiumtantal ate SAW the center
frequency onl ywaa&3%7e8 be 483 MHz or | ower. As POTUSYGNTIAZE
bandwi dth, the follow ng is noted. Ceneral ly, w der—~+elative bandwi dth
filters are nore difficult to 5 nmake, and filters w tlve bandvvl dth
in excess of 15 to 18% require the use of a lithi uhin@ sser
relative bandw dth requirenents allow the use of e A
20 Mz wide filter with a center frequenty at 140 Mz has onIy a

relative bandwi CﬁhﬁnOSOG“lgﬁz | dvep 444 T d & gﬁi@hﬂfé‘ rifefé ahd [alezpéihﬁ%]

| F center frequ nc 1 WO reqw r
graphical ly su lf?il&s%ﬂ_‘é?%cfi%rst I cs di scussed above. Figure 4
shows t he frequency regi ons where a lithium ni obate SAWor a lithium

tantal ate SAWor both nay 1 altali'lf's ra f relative
bandwt dt h 15 rgquirenents, %gm *S t bo; &n‘i' 9le &'g%i:egr? are
consi der ed. can be seefat ’GV\FI‘P miq%azn ph@qeulpske@

| i t hi um ni obat e 18ay f(9itler 914) f6r bebmmlhil 0 thez feeguencylZsf Mskidnedocal
utilize either ao§c'iﬂ5'dd1'”k§'iﬂbat e SAWor a |1 th| um

11. The apparatus recited in claim 10, wherein:

10 said phase locked loop (911, 917) includes a phase
locked .loop tuning control integrated circuit of the type which is
normally utilized in conventional terrestrial broadcast and cable
television receivers.

15 12. The apparatus recited in claim 11, wherein:
the frequency of the IF signal is selected to be in the
order of the difference between the highest frequency of said RF
signals received from said block converter (3) and the highest
local oscillator frequency available by utilizing said phase locked
20 loop tuning control integrated circuit.

13. The apparatus recited in claim 12, wherein:
said block converter (3) provides RF signals in a
frequency range in the order of 950 to 1450 MHz and said local
235 oscillator (911) has a frequency range in the order of 810 to 1310

MHz.
14. The apparatus recited in claim 12, wherein:
said SAW filter (913) has a nominal center frequency
30 of 140 MHz.

15. The apparatus recited in claim 9, wherein:
- said SAW filter (913) has a lithium tantalate substrate.



tantal ate SAW an |IF between 123 MHz and 483 MHz requires a 20 lithium
tantal ate SAW and a SAWfor an |IF beyond 483 MHz cannot satisfy the

requi renents due to excessive tenperature drift. For a 140 MHz center
frequency, a lithiumtantal ate SAW shoul d be used. peTNoeAIs8O778
PCT/ US96/ 0773296139178
CLAI V5 1. Inadigital satellite television receiver for
recei ving and processing digital signals nodul ated on respective ones of
a plurality of RF signals receiive i%om an outdoor unit (5) including 5
a satellite receiving antenna (1) and a bl ock converter (3), a tuner (9)
conpri si ng: an RP input for receiving a plurality RF signals
provi ded by a bl ock converter (3); : ocal oscillator (911)
for generating a local oscillato ig . = I a mxer (909)
having a first input c@upled to %icb e putl, Salse c%d i nput coupled to
said | ocal oscillataen 11) and S el F signal is
produced; and = a sulfa i (S {i lter (913)
coupled to 15 said cﬁtput sai ro( fo il t Li“hg said I F signal
i nclrudi ng synbol sh% %;o redycing inter yan‘_lg { nt erTerence;
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said SAWfilter (913) having a lithiumtantal ate substrate.

2. The apparatus recited in claiml1l, wherein: 20 sai d bl ock
converter (3) provides RF signals in the order of 950 to 1450 MHz
f'requency range and said | ocal oscillator (911) has a frequency range in
the order of SNQ9/¥778310 MHz. 25 3. The appar zcowsgeseized i n
claim2, wherein: said SAW filter (913) has a nom nal center
frequency of 140 MHz. 4. The apparatus recited in claim
1, wherein: 30 said local oscillator (911) is included in a
phase | ocked | oop (911, 917) for controlling the frequency of said |ocal
oscillator (911). 5. The apparatus recited in claim4, '
wherein: 35 : sai d phase IockeqLGEOp (911, 917) includes a phase
| ocked | oop tuning control integrated ci it of the type which is
WD 96439778 PCT/ US96/ 07732
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‘normal ly utilized in conventional terrestrial broadcast and cable
tel evi sion receivers. 6. The apparatus recited in claimb,
-wher ei n: the frequency of the IF signal is selected to be in
the 5 order of the difference between the highest frequency of said RF

si gnal s recewoea#3dT8m sai d bl ock converter (3) and the hi ghGHUSI6OTREE 3|
oscillator frequency available by utilizing said phase | ocked | oop
“tuning control integrated circuit. 10 7. The apparatus recited
in claim®6, wherein: sai é | ock converter (3) provides RF
signals in a frequency range in the-order of 950 to 1450 MHz and said

| ocal oscillzﬁ (911)_has_a frequency rapge in the der of 810 to 1310
MHz. 15 . " The apparatus recited in claim6, erein:
said SAWfilter éQle as a nom nal center frequency of 0 MHz. 20

9. ;In adigifalfsgtellite television receiver for processi ng digital
signal s nDduIatﬁg respective ones of a plurality of RF Si
recei ved from an¥outfdoor unit (5) including a satellite reckiving
antenna (1) and a jpJock converter (3), a tuner (9) conprising:
an RF input for-¥Bedeiving a plurality RF signals provi ded by a bl ock

converter (3); a local oscillator (911) for generhting a
| ocal oscillatos204 signal; a mxer (909) havingja first
i nput coupled to spid RF 30 i nput, a second input coupled to saild | ocal
oscillator (91 d an out put at which an IF signal is prodyced; and
a surface acoustic]lwave (SAW filter (913) coupled to sai d,out put of
sai d m xer (909)3qf i ! i i IR Y VO N ST SR S
1 1 o
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I ncl udi ng synbol shaping for reducing intersynbol interference; 35 sai JngWPﬂ
filter (909) having a center frequency which varies |ess W q9706202-0
96/ 39778 _ PCT/ US96/ 0732 +

11 than 500 kHz over a 45 degree C terrperature range and g‘i‘{f..‘»*‘«, i VEAPER.
in claim
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(57) Abstract

* A tuner (9) of a digital satellite television receiver comprises a single conversion stage which produces an IF signal at a low enough
frequency to permit a SAW filter (913) 10 be used to perform symbol shaping as well as the normal IF filtering function, The local
oscillator (911) is controlled by a phase locked loop tuning control IC normally used to control the local oscillator (911) of a tuner (9) of a
conventional broadcast or cable television repeiver. In an exemplary embodiment for tuning RF signals provided by & block converter (3)
in the 950 to 1450 MHz frequency range, the IF has a center frequency of 140 MHz. A lithium tantalate SAW filter (913) is used in onder
to minimize shift of the JF center frequency with temperature and to provide the required relative IF bandwidth (ie., the width of the IF
passband divided by the IF center frequency).




signals received fromsaid block converter (3) and the highest | oca
oscillator frequency available by utilizing said phase | ocked 20 | oop
tuning control integrated circuit. 13. The apparat us
recited in claim12, wherein: sai d bl ock converter (3)
provides RF signals in a frequency range in the order of 950 to 1450 M
and said local 25 oscillator (911) has a frequency range in the order of

810 to 1310 VHz . 14. The apparatus recited in claim 12,
wher ei n: said SAWfilter (913) has a nomi nal center :
frequency 30 of 140 MHz. 15. The apparatus recited in
claim9, wherein: said SAWfilter (913) has a lithium

tant al ate substrate.
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