2160042 DUAL | NDI CATOR CIRCUI T FOR TUNI NG AND STEREO S| GNALS Background of

the-Invention This invention relates to tuning indicators for'radio

receivers and, nore particularly, to the provision of a single |nd|cator

and sinp lfied circuitry to indicate both station tuning and stereo 5 °
eONdi tions. Tuning indicators have a tong history in the field of

br oac ecei vers, both AM and FM Vari ous ki nds of deV|ces have been

utili sonme receivers neters have {been used; "tuni ng gqggctron
ray 1§ were popular for a tine, bu generally an |ncandesc

bul b~ wa pled to a circuit which would only be activated when a station
was props tuned in. At the present tinme, many receiver designs enpl oy
light-emtting diodes (LED s) as indicators. 15 In FM st ereophoni c

broadcasting, the stereo presence signal or pilot tone is a 19 kHz si gnal
which is nodul ated onto the carrier only when the station is transmtting
in stereo. In a receiver, a local oscillator at 78 kHz is divided down to
provide the 38 20 kHz suppressed carrier of the stereo (L - R) signals. An
LED may be used to indicate the presence of stereo signals and, typically,
he LED Sl roult din W TR YRR P HiR " S Urhels® srisd 1O 1N

Background of the- Invention

This invention relates to tuning indicators for

provision of a single indicator gnd_simplifieé
circuitry to indicate both station tuning and stereo
5 signal conditions. _

Tuning indicators have a long history in the
field of broadcast receivers, both AM and FM. Various
kinds of devices have been utilized; in some receivers
meters have been used; "tuning eye” or electron ray -

10 tubes were popular for a time, but generally an
incandescent lamp bulb was coupled to a circuit which
would only be activated when a station was properly
tuned in. At the present time, many :eceiéer designs
employ light-emitting diodes (LED's) as indicators.

15 In FM stereophonic broadcasting, the stereo

presence signal or pilot tone is a 19 kHz signal which -

is modulated onto the carrier only when the station is
transmitting in stereo. In a receiver, a local
oscillator at 78 kBz is divided down to provide the 38

20 kHz suppressed carrier of the stereo (L - R) signals.
An LED may be used to indicate the presence of stereo
signals ‘and, typically, the LED circuit is coupled to
the phase locked loop which is locked to the 19 kHz
pilot tone.

rgdio receivers and, more particularly, to the (’



‘ ophoni - i hand, the pilot tone is a
-2- In AN stereophoni c broadcasting, on the other h :
sﬁbaudible or negrly subaudi bl e tone which is added to the (L - Ré flgnal -
before the latter is nodul ated onto the carrier, by 5 whatever nDhu ﬁ I OF
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tivating the stereo ~f
Rubi nal , 'then separately detected for use _jn ac
|nd|gator and, typically, a nono/stereo nnd% swtch. Such a node SMAt_h
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irprOV|des a 10 operation of the stereo (L .- R) circuits during
| ' -monophonic reception can denigrate the performance of
the receiver.

Presently. SOme AM stereo receivers utilize one

vor
— ‘indicator lamp or LED for indicating 'locked-in'
15 tuning, and a second lamp or LED to indicate _that the
station is broadcasting in stereo. 1In the interest of
‘simplicity of design and lower cost, particularly in
_ the case of lower priced manually tuned receivers, it
_would be desirable to provide, with one simple
20 indicator, an indication that the receiver is properly
tuned to a station and also whether that station is
broadcasting in stereo.
Summary-oflthe Invention
iu; _ It is;'therefore.'an object of the present

invention to provide, with one indicator light, a dual
25 indication of tuning and atereophonic reception.
- It is a particular object to enable this to be
done without the addition of comolex or expensive
components. Accordingly, the invention provides a

dual indicator circuit for use in a stereophonic

30 receiver and comprising:



-,ggﬁpr:gﬁhcator ircuit for use in a stereophonic 30 receiver and =

- the brlgh?ness 6? Ykzuahd:gg{g?tor ha¥ing two |-evels of'brightness wherein "

: is a function of current applied : e
source ,f current ‘coupl ed to. a first teraiga+ of 5 the inSPLASgrtthfﬁgﬁta

- L pans coupled to a second te 7
det eftior nean rminal . of .the indicator; tuning - ke
: ¢k s coupled to a first portion of the receiver for g éﬂ‘h

- tunifng\§HAt us and ervﬁshQW fgdiBatour hawingl-twot ALYESF Pﬁeb&’&ﬁ?‘%HPtSSng S

i m\ti.-ng/means on] y when flulnatt
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por {1 on~c thgdrgggrvapplé?dnthemﬁﬁe idetector means coupled to a 15 second s
%gu%% At elrramt! koupleseroe aoff insdr dmyminal Sfnal s

in the received sigf fla det
ection of a stereo presence t |
.0 t he secsndther dnddicagon’he i ndi.cator for allomfng curren?nfloapgggoupled .
%Pthe -

- the visual indicat Oig W3
| o s higndiadm imeaisyedupled ty a
S|gnal i ndi cat or has secqﬁd | evel .of ‘brightness. Thusﬁ$mhen stereo

“signals are beifhFheedd Ay | :
noticeably brighter ﬁd}ﬁmgmdétm;l;llﬁﬁﬁésng‘:"g}?éféde 2 gi #0P PortEbhver! be

" - the receiver for detecting tuning status and for allowing

10 current ‘flow through the current limiting means only when h
the tuning detector means detects that a station is
properly tuned in’ whereby the wvisual indicator has a first .
level of brightness; and _ ' . '

: . stereo presence tone detector means coupled toa l_j )

15 second- portion of the receiver for detecting the presence )
of stereophonic signals in the received signals by
detection of a stereo presence ‘tone, and coupled to the _
second terminal of the indicator for’ allowing current flow:f'
'through the visual indicator when stereophonic signals are'

20 present whereby the signal indicator has a second level of

brightness. _
‘Thus, when stereo Signals are being received ‘the

Visual indicator e.g. 2 lamp or LED will be noticeably

brighter than with monophonic signals.
25 : . -

| Brief DeScription of the Drawings _ L
.'Fig; 1 is'a block diagram of a receiver embodying

the invention._ _
30 . Fig. 2 is a block diagram of a typical stereo

encoder Ic as used in the invention.
Fig. 3 is a circuit/logic diagram for use With the

Ic shown in Figure 2.
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Bri ef Descri ptien-of the EXam[ngs-Fig.'l s a bl ock dlagran1of'a receiver

enbodyi ng the invention. 30 - Fig. 2 is a block diagramof a typica
~ -stereoencoder IC as used in the invention. Fig. 3 is a circuit/logic 7~
Mdndlagran1for use with the | .C shown in Figurg.2. 35 Description of ;
\ Preferred Enbodiment Fig. 1 is a highly sinplified block diagram of g
--\,Hecélver for use in rece|V|ng anpl i tude nDduIated 5 stereophonic siigr
“The receiver coul d’ be arpesmsl pifi SIABE W Erafeoeted Enbpdisanit y known)

the received AM stereo signals could have been nodul ated in any one of-
nmodul’ation formats presently known as |ong as they include a subaudible
stereo presence torRBlgveh k% & duighdy simplkitjied Plock shiagran aficast .

* Thus, the signaleiviid |edie Js oy Sl ivihg MV R ude ashdrasassed in an
: RF/IF stage 12. A tuning detector 14 is cou Ied to so ortion of
decoder - aftd AEREPORRQIEG SiSTHRIEh FHS TRRALYAR SRIAA ROGQME TR \Pihen t he

P recel ver 15 pigny anicll fecaiverstptésentdy ua-:dwﬁhlanda the aeredeived AM
, g“ oW 2;2%&%&%%%&&&% 1V bedd ROMELALLE YR AP Sne RS L' o
modulatlon formats presently known as long as they 1nc1ude
“a subaudible stereo presence tone when stereophonlc
10 signals are belng broadcast.

Thus, the signals will be recelved at an antenna 10

' éﬁd-processed in an RF/IF stage 12. A tuning detector 14

is coupled to some portion of a decoder and audio circuit
Vo< _ 15 which will_haVe'a Sighal present only when the receiver

}f/ 15 is locked in on a station or is within a given tuning
"window". The tuning dectector 14 could, in some
circumstances, be coupled to a
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L uhi ngcgg[gifgpdwgl output of the RF/IF stage 12.  The output of the
liniting device, pled, through a resistor 16 or other current
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the-cindiy 15
signaNg./: There
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power. 22. The particul ar ci
I rc,
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each of themutilizes a IoafffNIStereOphonlc bi oadtast i ng
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Agai n the gpeesibtoci 16u0¥r9tb?‘5:$1‘rée€$€€blﬁ%%%chéﬁé&mﬂd)laml ot

cul ar .
ol E;gﬂ%@ ﬁcgé\iéﬂ zsAEoﬁuéeﬂedotbttmgUeQe&ﬂs%eﬁgw’c%chr? 28. |

ecoder- Qgﬁ audio circuits 24 for activating the

.stereo portlog sbutns ok pawes
en a I
e L e e BT s

operati on,
when an AM st at it
25 pushbutt on,
- woul d,-

in the "t

10

there will

n
i el S B SnoshersodubARiCOTEERT o4 Tonly
(Hheﬂnedemved“ﬁng 21s %gri k& g! yease eive tuning knob, .

{ 'r &t diM istereophonic broadcast&%&th 1dagUhRat ternnal
each of them utilizes a low frequency or subaudzble

"'signal modulated onto the stereo (L - R) channel for o

15

20

use in xndicatxng the presence of stereo sxgnals. _

The stereo and audio cxrcuits lS are coupled to a
palr ‘of speakers 26 and also to a stereo detector and
control crrcuit 28. Again the spec1f1c c1rcu1try‘of
the circuits 28 will depend on the particular signals
received. An output of the detector eontrol circuit
28 is coupled back to the decoder and audio circuxts-
24 for actxvat1ng the stereo portion of the output _
when a pxlot tone is present. The output of the deteo- :
tor control circuit 28 is also coupled to the LED 18.

In operatxon, there will be an. output srgnal from .

l the tunxng detector 14 only when an AM station has

25

been tuned in accurately by ‘means of a tuning knob,
pushbutton, or gimilar tuning means 30. The detectorf'
14 output terminal would, in the "tuned" condition,
‘have the capabillty of sinking an amount of current
sufficient to jlluminate the LED. This current would

' pe in the order of 50 mA. However, in the present

30

invention, ¢t he resistor 16 will reduce this current to
a point?where the lamp will still be illumlnated, but

" perceptibly less'brightly.

35

Alternately, the current sink'in the detector 14
‘and the resistor 16 could be replaced by a current
_source with a reduced 1eve1: i.e., about 4 ma.
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have the capability of sinking .an amount of current sufficient to
illum nat.e the LED. This current would be in the order of 50 mA.
in the present 30 invention, the resistor 16 will reduce this currg
“,p0|nt where'the lanp will stlll be illumn H, but percepti-bly Ig
L brightly, Alternately, the current sink.in‘the detector 14 and the r
546 coul d be- replaced by a current 35 source with a reduced |evel;\j
.about 4 ma. .. -\ n ¢ pieaae
Stereo presence or?%%?‘%%ﬁﬁéﬁﬂ'id%aﬂn o hid, B Corea bhdClalrge
control circft (SEREEQ RXeIENGE | or RikQY tonedihichran bedrtested rirnnt
sufficieént fdthedetetiod amdlaemmcu Ocmrémiflz)s Zthé heg® wﬁnsmémf@cme

* enbodi nent of, €L _g: ‘I;P eentl u5| A n | C 32,
whi ch is the- M1 uf ko) # ?%r

~ Motorola @MAW@EMM-AMStereO ' The IC32 s acorrplete '

3 hip full-f t t
opl oys ful | - vave. %eﬁ%%itgé%‘?fﬁi?%ct.%ﬁ"a‘?ﬁéﬁmfﬁé hE b a lbran)

-

enpl oys full-meve env t1mes

signal, and RRIRA’Y Q¥ UFY bR sthe inyent #@pr%%%ﬂ%ea%fIQa?3d 8@%?%0
transm ssi on.is Rage mmm@pmf@@mﬁé@ qwus:@owatmae g6erugé the

nr et oror 6 g kGRS Yot o e REB SE AR SRR O S e 10

“the di-agrién - The IC 32 is a complete one-chlp full-feature AM
: - stereo decoding and pilot detection'system. It employs
full-wvave envelope signal detection ‘at all times for the
_ (L + R) signal, and decodes (L - R) signals only in the
\\j _ ' presence of valid stereo transmission. The pin
15 connections are shown so that the user of the invention .
' can refer more easily to the complete 1nformatlon on the
manufacturer's product data sheets. '
The IC connections of Fig. 2 relate to the'diagram
of Fig. 1 as follows: the 450 kHz signal from the RF/IF
20 stage is coupled into pin 3; the audio outputs L and R are
on pins 7 and 8, respectively; pin 15 couples the LED 18
to the stereo tone detector and control circuit; and the
outputs at pins 4 and 10 are ANDed to provide the signal
which . is coupled to the resistor 16. The signal from pin
25 4 is preferably digitized before ANDing.  Pin 9 is
_ connected to provide a "force to monaural" function from
VA - an external control when such is desired.
' - In this embodiment, pin 4 prov1des a signal related -
to the detected signal level which is derived from the
30 output of an envelope'deteetor 34. The signal on pin 4
may'be an AGC signal or may be a signal used in providing
an AGC signal. The output from pin 10 comes from a lock
‘detector 36 and ' -
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Qs follows: the 450 kkt signal fromthe RF/ 1 F 20 stage [is coupled,

. B;\ the audio outputs L and R-are on pins 7 and 8, respectlvely
goupkes the LED 18 to the stereo tone detector and control circuit;

puts at pins 4 and 10 are ANDed tijrovide the signal whichis .- = ..
fhe resistor 16. - The si‘gnal frampin 25 4 is preferably - A
ef ore ANDing. Pin 9 is connected to provide a "force to ' .%ﬁf
/ un@imﬁfmmm@tmrmlnwm retatien mkbeencteockedi nhn this:

rrb it y d
hieni s der| yhe EisAT Fedh B e "5 Ui D IR o WHTE peve
si gnal on pi nhdghy Wienmn aACISQﬁW oks nmeuned a MQndPutlseﬂwlhl@rchedl ng
an AGC si gnal . T%&vt&w{lﬁq% Mt Ik LOEPS Hwdidy) 08K 16 eLh@dmPRgand 35

-S|gn|f|es whet her or _not a1|on has been Iocked in. The si gnal-frompin .
10 is a di § t ighaghdievals #his Fignyh HRePot beageurates 9{-\!&&% arnp.
but  shoul'd - Hediestiren tnut rg statisn ei@Ctuned-bﬂRMenasudi\ismomuQeS

S on (et oAby M e SAE G Pl %‘-ﬁe‘?ﬁm%?‘%é%%%ﬁ‘-’#%ab-a-
signal _will behescw statdam 555 stlmetbnms b aeay rbe bimageyraee naccurat e
- ot hﬁrwhsef Thithe Mfsé' grﬁiuérqméﬂéwnaprﬁ&ﬁqbiﬂ 410pﬁéﬁéi'a13£f| i's ANDed
] ?X,gctttﬁmw;s%:;;t Ged, i“s'\‘%»?n 18 el el ¥ 8% & ORI th'S'&S‘ Lo0g00
- ko provide a positive indication of exact tuning. After
the signal on pin 4 goes high, the lock s1gna1 or. w1ndow'
. signal- becomes the operative signal. S
. . As in Fig. 1, when the ANDed signal is applied to -iaj_
15 the resistor 16, the LED 18 will be partially - _ '
' 1llum1nated.__When the signal from pin 15 is applied to
the LED 18, additional current will flow: through the LED,
and it will be fully illuminated. _
Flg. 3 illustrates the use of a digitized Myindow"
20 signal to_provide a more.accuratelindication_of-tuning, _
' An input signal from pin 19 of the IC 32, coming from the |
phase detector, is compared in a comparator cl with a
reference signal, the output of comparator Cl then
representing the instantaneous error in the tuning The
25 error signal is coupled to two more'comparators-C2, c3,
with different references or thresholds. The combined X
comparator output signal is then a "window" signal, havlng _\,;f
a high value outside of the Window, and a low value w1th1n
~ the window. This window 'signal  is then coupled to a
30 fourth comparator C4 which compares it with the s1gnal
-from pin 4 of the IC 32. ‘The window signal is thus now
_digitized, and the output is coupled to R16, as before.

35



‘'t he signal on pin 4 goes high, the |ock signal or w ndow si g'nal

.operative sighal. As in Fig. 1, when the ANDed signal is applied

resistor 16, the LED 18 will be partially ild um nated. When t
~trompin 15 is applied to the LED 18, additional current "wll
e‘LED and it wll befuIIylllumnated Fig. 3 illustrates t

he wSe of " a

._-dﬁgltlzed "w ndow' 2 I re accurate indication of
‘tuning. An input si g%aﬂusdf %o%% o] 2“%93§Fq gogﬁ Sﬁ aﬁf)ﬂ?%ﬂ"??% ?he phase
detector, is comravwiding & dwadaiaddcation Chraboelﬁestambmmg:m:)g the -

out put  of CO”DarﬁId)rst@:éd“i'lgh‘iﬂr ?iSQEhEG Lien! 85§ BROPIEOME &

tuning The 25 erJyor si is coupled to two nore conparators
é'g‘%&tc‘ltﬁl"eshol ds.

*with different The conbi ned conpar at

a{dzén t he

or out put

signal is then a "wi ndow' signal, having a high value outside of the

“wi ndow, and a l'ow value within the wi ndow. Thi s° w ndow si gnal

is then

* coupled to a 30 fourth conparator C4 which conpares it with the signal _
frompin 4 of.the IC 32.- The wi ndow signal is thus now digitized, and the

output is coupled to R16, as before. 35 Thus there has been

shown an

arrangement for providing a dual indicati on for both station tuning and
ster eo signal presence with a sinplified circuit and one indicator.



-9 CIAIWB 1. - A dual - |nd|cator circuit for use in a st er eophoni ¢ recei ver
“‘;wr|5|ng -5 ~a visual indicator haV|ng two | evel s of Brlghtness
the brightness of the indicator is a functron or current applied

.thefetoy \a source of current coupled to a ‘rst rndicatonj";t:‘
10 ¢ current .limting nmeans toupled t a Hﬂ # f- the - 7
~i'ndf qat§r; “tuning detector means -coupled to. a t he reeelveﬁn-—-
. <3 |n1t|ng means- only-when 15 the. tunlng det ect or means detects'that :

a station is. properly .tuned. in wher eby the visual - i ndi.cator has a first’

| evel of brilght neds;duaid m@w@mtoﬁmmedman&meomw to a

~second pOftQ@béﬁvé{Khﬂéﬁéa idDigdetecting the presence ' _- 20 of - ¢
stereoph%$|c S|gnals In the pelved Si aJs ﬁg’detectlon of St er.eo

~presence* one, - and® e indicrtorday negVets t ok !PHWEBP%?Sfor . -
al | owi ng cumhereid cshe fhi:ﬂig}‘itﬁéns o Uthe li:m:bcﬁ'odsrwt!er‘a function of - ' A

st er eophoni greby the V|sual indicator has a second :
level of 25%%1%?% AL Gitbet) |

._a source of current coupled to a flrst term1nal of

'the indicator:; B _
10 current limlting means coupled tc a second termlnal
' of the indicator; | o
tuning detector means coupled to a flrst portion of_ e
-the recelver for detectlng tunlng status and for. allowing 'p
lcurrent flow through the current limiting means only. when _i~j_
15 the tunlng detector means detects that a station is .
| properly tuned in whereby the visual indicator has a first
level of brlghtness. and - . L
' stereo presence tone detector means coupled to a
- second portion of the receiver for detecting the presence o .
20 of stereophonlc signals in the received signals by ' '
detection of a stereo presence tone, and coupled to the -
Second terminal of the indicator for allowing current flow .
~ through the visual indicator when stereophonic-signals are
- present whereby the visual lndlcator has a second level of
25 bprightness. -

30
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10 2. - A dual
accordance wi t'h
enlttlng di ode.

. ator circuit for use in a 5 sterebphop
-Jeeceiver in acco Eym "‘li‘ 1 and wherein the tuning detectgr aps
detects a.l ocked receiver. 4. /p ‘A dual indicator [citcyit/

k@i use in a st

wherein the t uni ng det ector means: detects that the receiver.is tun

a given frequen
in a stereophon
tuni ng detector
Sfrequency error

|nd|cator circuit for use in a stereophonlc recei ver
the visual indicator is a |ight

er eophoni c receiver in accordance with claim1l and\10

.n.

Cy, errpra &glfﬁﬁﬁfﬂd éitcuiQhQﬁﬁlude'ﬁa or circuit for use

I'C recelver. 1 n accoraance

vheiéin ¢the visublrliniDdheal0lsCh’ Bkt fahi H66,d Hid

l'aim 1 and 15 wherein the

SERFROPHRNIR LeGe ivaLs d i ARsRATAedcenwitd £dalipr dvpadng a

st ereophoni c receiver in accordance with claim5 and 20 wherein fhe t'uni ng
i ncl udes second and third conparators neans, coupled to the
sfirst conpar at or3sreank dusl pinddchter &nr@mdarfwwndsn/ingaal 7. A dual

det ect or - neans

i ndi cator ci rgz,u' été?éo;bﬁ@nié‘ @eééﬁee:oabpwceorzasﬁh&emtﬁeéﬁ%dfnseaW th

I ncl udes neans

othe iy |ﬂf§%ﬁ§°FhPFG"§oﬁﬁ&PSFSraniSﬁEeﬂnd means

clairm6 and 2
~for "ANDi ng t he
-'for d|g|t|2|ng

10

N
15
20
‘.g-_.
o/
25

%Qere n the tu det ect or neans
o)
ténndw{rnh in the receiver.

4. A dual indicato: ci:cuit for use in a )
stereophonic receiver in accordance with claim 1 and
wherein the tuning detector means detects that the
receiver is tuned withih_a given frequency et}o: of a
station. |

5. A dual indicator circuit for use in a
stereophonic receiver in accordance with claim 1 and
wherein the tuning detector means includes a first
‘comparator means for providing a frequency error
signal. = '

6. A dual indicator circuit for use in a _
stereophonic receiver in accordance with claim 5 and
wherein the tuning detector means includes second and
third comparators means, coupled to the first '
comparator means for providing an error window signal.

7. A dual indicator circuit for use in a
steteophonic receiver in accordance with claim 6 and
wherein the.tuning detector means further includes
means for ANDing the outputs of the second and_third
comparator means and means for digitizing the ANDed
output signal. '



out put signaln-' ‘A dual indicator circuit for use i n_a ‘st ereophonic
~ receiver.in accordance with claim1 and further including I'evel detector.

-means coupled to be ANDed with the output of th neans. 5 .
9.~ A dual indi-cater circuit substantial 1y as “ ﬂlﬂﬂ rlbed mnth oy
'refirence to the dramnngs 10 15 20-- 25 30, 35 * ;”;f
8. ’ A dual 1ndicator circuit fcr use in a’ stereophonic_.iw=u*_f“
receiver in accordance_w1th claim 1 and further 1nc1uding

level detector means coupled to be ANDed with the output »
- of the tuning detector means. ' o - 2 .Y~

9. A dual indicator circuit substantlally as _
hereinbefore described with reference to the draw1ngs.'
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