[ Ordering number: EN3577]

_Monolithic Linear {C

No. 3577 /

LA1886M

AM/FM Tuner

OVERVIEW

The LA1886M is an AM/FM tuner designed for use in
automotive and consumer stereo equipment. It incorpo-
rates all the major functional blocks of a complete,
electronically-tuned AM/FM tuner into a single chip
with perlormance comparable to, or better than, existing
tuner ICs.

Each functional block in the LA1886M is an equivalent
of another existing Sanyo IC. These comprise the
LA1175 FM front-end, LA1145 FM IF stage, LA2110
noise canceler, LA3430 MPX stage and LA1137 AM
tuner, Additional components control the AM and FM
mode selection.

The LA1886M operates from a single-ended 7.5 10 9 V
supply and is available in 64-pin QIPs.

FEATURES

«  Compleiec AM/FM tuner intcgrated into a single
chip

« FM front-end and FM IF stage isolation

» Low total harmonic distortion

»  Excellent signal-to-noise ratio

»  Second-harmonic beat noise prevention

» 31 dB channel separation in FM stereo mode

= 42 dB AM rejection in FM mode

« External component count reduced by up to 30%

+  Single-ended 7.5 V 10 9 V supply voltage

*  64-pin QIP

PINOUT

PACKAGE DIMENSIONS
Unit: mm

QIP64E-3159

-t 17.2

14.0
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LA1886M .

PIN DESCRIPTION

FM Front-end

Humber Name Equivalent circuit Description
58 MIX 1N Mixer input
ogcﬂfom?r_‘ ?
59 FE VGG H Front-end supply voilage
7s00% 1500% T
60,61 . MUY o 1 v Mixer outputs
AGC
detector
62 RF AGC ' I RF automatic gain control
Voo = 2Vge
Antanna dariping drivar
Wideband automatic-gain-control
63 AGC IN input. Coupling capacitor is
on-chip. .
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LA1886M

Number Hame Equivalent circuit Description
64 ANTD Antenna damping driver output
RF AGC
30 KEYED AGC Antenna Keyed automatic gain control
damping
9) Voo
1 IF AMP IN i i IF amplifier input, Ry = 330 Q
200 0 300 01
S e (i8)
$ 4 3
46 IF AMP OUT 1 i I [F amplifier outpul. Ry = 330 Q
r @ rJLr ”r
3 0sC Oscillater {Colpitts)
= @_‘L
@ .
4 0SC BUFF Oscillator buffer
T Mee
1kl
nr
2 FE GND Front-end supply ground
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AM Tuner
Number Name Equivalent circuit Bescription
100 3 50
€ ww
’I”L Antenna damping driver and
57 ANTD/AGC wideband automatic-gain-control
Voo input
Antenna
dampling
drivor
56 RF AGC RF automatic-gain-control drive
Vga58Y output
310 k0
e
51 RE AGC BYPASS RF automalic-gain-control bypass
output
berd
@' €
55 MIX IN - Mixer input
Oscllaior{ ]
54 MIX oUT Mixer output
53 AMFM SW ay AM/FM switch
’l BE
2k
52 IF AMP [N IF amplifier input. Ry = 2 kQ2
l 1000
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Name-

Number Equivalent circuit Description
49 IF OUT ., Datactor IF stage outpul
circuit
50 AMFM S-MET OUT .:EI[IIFM S-meter current drive out-
4 Veo
Seak —-ww—@
®
48 iIF AGC BYPASS D, : IF aulomatic-gain-control bypass
x 7
o ¥ §E30m —
X
100 9405 y
® )
+T Can
Voo
Oscliator
blodk |
|
47 AM oscillator bqﬁer and FM mut-
AM 0SC BUFF ing ON level adjustment
Invering
circuit

I""" Muting

circuit
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LA1886M

Number Name Equivalent circuit Description
@ as
x
¥ ¥
a5 0sC ———"1 F tAutumatic-le\nel-(:canlrolled oscilla-
- or
1
( IF count buffer
42 AM SD AM signal detector output adjust-
ment
) S mater
R
FM IF Stage
Kumber Hame Equivalent circult Description
44 FM IF IN FM IF limiter input
43 FM IF BYPASS FM IF limiter bypass input
v@ %
il W
el L L]
39 MUTE ATT : Muting attenuation adjustment
Detector circuit °"’: '. rlr“he
| @
Muting clreuit
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LA1886M

Number Hame Equivalent circuit Desceription
Inverting
circult
‘ ignal tor output adjusl-
38 FM SD szo”ﬁ . l—wgﬂ;‘u :nl\gn;slgnal detector output adj
Vo 500
&)
W@ ]
® @|[rars] [orts
35,36 OR DET T[{ [ =3 8y ampittier | QR detector inputs
| 4 V
3 4 & HTK >|J
58 3 1
i ; %3 %_‘
I Jili
) (2} +
v V »
r r ::11_3—'}
37 VREF ot IF limber Reference voltage input
: amgplifier |
®
n»r
' 49
A AFC Automatic frequency control
Detect
L] ar @
Soft Band Weak-signal
a3 MUTE OUT mute . muta mute Muling output
IF buffer
] amplifier
@
AM/FM audio frequency outpul.
32 AM/FM OUT Ro(AM} = 10 k2 and

Ro{FM) = 50 ©
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LA1886M

Number Name Equivalent circuit Descriptian
IF
buffar
amplifier
50 pF 1500
é I Q)
IF buffer output and muting _sig-
7 IF BUFF QUT IF buffer ON/OFF nat input. Output impedance is
capacitive.
r
AM IF AGC
time constant SW
@
m
S metet
FM S-meter oulput. Io(AM) = 1 mA
K} FM S-MET OuT l 400 pA and Io(FM) = Igp
AM
M
VRer
FM S mater
i ~ SD Signal detector
AM
AM S meater

Nolse Cancelation and Multiplex Filter Stage

Number

Name

Equivalent circuit

Description

26

NG ouT

Noise canceler output. Riy = 21 kQ2
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Number Name Equivalent cireuit Description
Vaer
Phase comparator inpuls.
24,25 PHASE COMP 1510 5k | ) R = 20 k2
1510 _ 5ka
Composte
algnal
19 kHz liter
Vher
23 05C Oscillator
;j.—
Wi
‘ 10 kHz fil .
21,22 PILOT DET I’ o ? Pilot detector inputs
15ka | | 5ka ‘
AAAL "y @
15kn | 5kn
Co ;
) Bimrrar.[wosﬂe é
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Number Name Equivalent circult Description
@ .
Vee
18 PCAN OUT Pilot canceler output
| N, ° 18 KHz fiter
()
20 PCAN DET Pitot canceler detector
18 PCAN iN Pilot canceler signal input
9
Voo
16,1 ] “ Multiplex filter outpuls. On-chip
A7 MPX ouT (9 load resistance. Rg = 3.3 kQ
33k 3.4k
Multiplier
40)
14 LOW cUT "bc. Low-frequency culoft capacitor
connection
Composlte | > E 10 mlg
slgnal
20 2 _ 10 k3
15 HIGH CUT A High-frequency cutoft capacitor
9 SP connection
(14) r
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Number Mame Equivalent circuit Description
s
Ve
13 PILOT IN !’hase-locked-loop pilot signal
Vr ) Phase comparator, input
pilol detectar,
l o pilot cancetar
13
@
® .
! MEM Yee Memory circuit
Differentlal
12 LPF OUT SB ampiifier Gate Low-pass filter output
@r—
y Gate clrcutt
10 PULSE Gate time pulsewidth adjustment
70V
®
9 NOISE AGC HPE Noise automatic gain control
Nolse
_K detector
_akﬁ |: .H‘l
i 2008 ka
8 NOISE DET W P Noise detector sensitivity adjust-
9 l ment
b aa) @
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Number Name Equivalent circuit Description

—TT®

.
avertin

circuit

hmitt
trigger

: FM stereo/mono indicator output
6 TWEET/ST T and AM second-harmenic beat
r Y T noise pravention control
Voc
RF |
AGC

"2

28 © HCCACC

10 kO
7.5 K0
@8
5k . :
29 SNG @_f%%"f Stereo-noise-control input
@0 Ve
Y

High-cutAow-cut contral

High-pass filter cutoft frequency

41
HPE adjusiment

Supply Voltage

Number Name Equivalent circuit Description
40 VCe Supply voltage
5 GND Supply ground

No. 3577—13/32



LA1886M

SPECIFICATIONS
Absolute Maximum Ratings
Parameter Symbo! Rating Unit
Supply voltage VYoo max 95 ¥
Power dissipation Py max 950 mW
Operating temperature range Topr -30 to 85 deg. C
Storage temperature range Tatg -40 to 150 deg. C
Recommended Operating Conditions
T, = 25 deg. C
Parameter Symbo! Rating Unit
Supply voltage Veo 85 v
Standby supply voltage Vsr 5 v
Supply voltage range Yoo op 75 to 9.0 v
Electrical Characteristics
FM RF stage
Vee = 85 V, T, = 25 deg. C unless otherwise noted
Rating
Parameter Symbol Gondition Unit
min typ max
Quiescent current leco-Fm No input 54 7 95 mA
98 MHz, 100 dBu, 1
Detector output voltage Vo-m KHz, 100% modulation 190 290 380 my
98 MHz, 100 dBy, 1
Channel balance Cs Kz, 100% modutation -10 0 1.0 dB
o 98 MHz, 100 dBy, 1 _
Total harmonic distortion THDEm KHz, 100% modulation 0.6 12 %
o 98 MHz, 100 dBy, 1 -
Signal-to-noise ratio SN KHz, 100% modulation 63 70 dB
] 98 MHz, 100 dBy, 1
AM rejection ratio AMR kHz, fm = 1 kHz, 30% 32 42 - de
AM medulation
98 MHz, 100 dBy, 1
) ] kHz, V=0 to 2 V § 1 18 a8
Muting attenuation ATT
88 MHz, 100 dBp, 1
kHz, Va3 =0 to 4 V 20 & 30 d8
Osciltator buffer output voltage Vosc BuFF-FM m{;"p”l' fosc = 1087 140 220 ano mv
. 98 MHz, 100 dBp, L = -
Channel separation Sep 90%. piot = 10% 23 3 dB
Stereo ON level STox Plol, modulation for Ve < 15 22 40 %
Sterzo OFF lavel STor gi?lvmodulation for Vs > 06 1.1 - %
Main channel total harmonic distor- ) 98 MHz, 100 dBp, L + R 1y
fion THOMan | Zgou, pitot = 10% - 07 20 %
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LA1886M

Rating .
Parametar Symbol Condition Unit
min typ max
) . . 98 MHz, 100 dBp, L + R _
Pilot subcarfler cancellation Poan = 90%, pilol = 10% 6.0 130 dB
98 MHz, 100 dBu, L - R
Stereo-noise-control output voltage Vosus = 90%, pilot = 10%, V3 - - 50 my
’ =01V
Stere0-noisen ) 98 MHz, 100 dBy, L - R
tic[::m noise-control output attenua ATTsnc = 00%, pilot = 10%, Vo 05 45 10.0 dB
=06V
98 MHz, 100 dBp, L + R
= 90%, pilot = 10%, fm 03 25 48 dB
= 100 Hz, Vpg = 06 V
Low-cut contre! output attenuation ATTcc
: 98 MHz, 100 dBp, L + R
= 90%, pilot = 10%, fm 35 6.5 9.0 dB
=100 Hz, Vag = 01
98 MHz, 100 dBy, L + R
= 90%, pilot = 10%, fn 05 40 8.0 dB
) = 10 kHz, Vg = 06 V
High-cut control output attenuation ATThee
98 MHz, 100 dBy, L + R
= 80%, pilot = 10%, fn 17.0 200 23.0 d8
=10 kHz, Vop = 01 V
FM IF stage {10.7 MHz)
Vee = 85 V, T, = 25 deg. C unless otherwise noted
Rating :
Parameter Symbol Condition Unit
min typ max
Input limiting leve! 100 dBy inpul, IF fnput -
P 9 Viim for -3 dB output 48 5 dB
Muting sensitivity Vi-mute IF input for Va3 = 2 V 25 a3 4 dBu
IF input for IF count
58 70 82 dB,
SD sensitivity SDsen buffer ON 3
IF input for Vo » 35 V 58 70 82 dBp
IF count buffer output vollage V\8auFF-FM 100 dBy, zero modulation 160 250 330 mv
No input . 0.0 0.2 05 v
50 dBp 10 1.9 a7 v
S-meter oulput voltage Vsm-Fu
- 70 dBp 19 34 52 v
100 dBu 33 5.2 69 v
Muting bandwidth BWrnute 100 dBy, Va3 = 2 V 150 230 330 kHz
FM front-end mixer
Vee = 85 V, T, = 25 deg. C unless otherwise noted
Rating
Parameter Symbol Conditlon Unit
min typ max
RF AGC ON input level Virge Mecer input for Ves = 07 67 74 81 dBy
Conversion gain Ay 98 MHz mixer inpul, 70 546 8656 137.3 my

dBy, zero modulation
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LA1886M

AM RF stage ‘
Vec = 85 V, T, = 25 deg. C unless otherwise noted
Rating .
Parameler $Symhol Candition Unit
min typ max
e . 27 dBp input, fm = 1 - dB
Signal-to-noise ratic SMNa; kHz, 30% modulation 16 20
Detector oulput vollage Voam ;g"/:jsrﬁ}:dfmaiio; Iz, 85 120 170 my
i . 74 dBu output reference, .
Automatic-gain-control figure of AGC inpul pulse for 10 dB fall | 53 57 61 d8
‘ in the output
e . 74 dBy, fm = 1 kHz, - dB
Signal-to-noise ratio S/Nam 30% modulation 45 50
Total harmonic distortion THDaw ggn,“;;, d‘mﬁ;g:} kHz, - 0.4 10 %
No input - ] 03 v
S-meter output voltage Vam-am
100 dBu 33 47 70 v
Oscillator buffer output voltage Voscaurr-am No input 310 370 - mv
Wideband AGC sensitivity WAGCe [ 4 MHz Input Vsr = 07 03 9 105 dBy
ANT input level for IF
count buffer ON 23 % 7 dBy
5D sensitivity SDsen-am
gl‘;TVinput level for Vo7 » 93 1 a7 dBy
Second-harmonic beat noise pre- Tweel, Ne = 0V AGE ON 50 56 62 dBp
vention sensitivity Wetlaen =N
IF butfer output voltage ViFRUFF-AM 74 dBy, zero modulation 200 260 - my
Noise cancelation
Vee = 835 V, T, = 25 deg. C unless otherwise noted
Rating
Paramstar Symba! Condition Unit
min typ max
. 1 kHz, 1 ps, 100 mV,
Gate time Teate pulsed input 15 25 35 us
Noise sensitivity S ;orszz'c;nﬁefuéile for - - 30 mv,
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Typical Performance Characteristics
Overall characteristics (MPX OUT)

S-meter output vs. Input voltage

o AT acownd 168 S marta OFF, bt ON s
Ll p—r
) 1 / Ve
|. 4 Tm = 1 K-z 225 kHz dedwtion 4 I
- \ £ s /
- § ,
i -0 \‘ﬁ\ ol T a % /
g"” AN ] 5 § /
< = E 2 e
1 - PYATYY I E -1
-100 (™ I : B
ANT [ 1
sa N ud
-120 h 1
THD &t 1 KAz devieton —
—14¢ | | 1 | | 1]
-2 0 20 40 80 8 100 12 140 -2 o 20 a0 [ 80 W 120
Irpat {dBy} irput (dBy)

Overall characteristics (with 3SK181)

RF AGC and lanp vS. mixer Input

0 I 1 10 5
-20 ok . . Vi | anTe: .
N / Nog =88
§ - toac = 08 birz g
g TN tweteld | . )
§ 3% madulston g e E
3 22 6.kH2 dwvdation 2 §
- T : . .4
ovpat
an\u‘n _J_\l/\______ E
-0 L\, N flcies 1 2 1
\\M THD
-1o00 - 0 "] 0
- 0 2 4 w0 ® w12 1k o 20 W 8 100 120 140
Input (dBy) Mbiwr lrput {atg)
AGC voltage Mixer characteristics
s 120y Chewrx
Ver tosc = 1007 MHz
L} l\ 110
E ¢ g‘m Ve v
cc'/
§ ‘4 \ E w //
a TN | ) & ¥
(] . r \ 0 I | 1 1 |
=20 L] 20 & &0 L] 100 120 140 80 L] 70 80 0 100 10 120 130
Inpa (d8y} Mbew bpt {dBy)

Overall characteristics (with 35K181) IF st'age characterlistics

0
Mono
20 /,- nl [
i 7 .
‘g-«l Pilot output
i -
Vg =88V
80 | fg = B8 MHz
=12
22 8 iz devirdon
100
20 [} 20 40 ] ] 100 12
Input {dBy}

bl B TE T Voo = 10V
X
1o // SV —|
g A/
= 100 ety
//
fo
™ IN ot
Y
™0 %0 0
o ? fsn .47k °'°""an
70
& & 70 8 80 100 40 120 1%

IF stage nput [dBy)
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AGC characteristics

1
|
Voo = BV AGGIN
e 750380
Ve 107 MH
| ] 1 T80 1000 pF
£
g Oeckkator OFF
g ‘ Oudbatex OH ]
gt tor Vyoom 2V
LAY A7 8By
. LATI7E 80dBY
2 LAIISS 0708y ™|
0 _|_I_

T T4 n - ] ] ™ ] 102
AQC Input [dBy)

RF AGC ON level vs. supply voltage

S I
Inpat for Vg =2V

"]

i T |

]u

1

8 u

-4

a2

]
s [} 7 ] 3 10 1 12 13

Bupply virupa [V)

AGC input vs. frequency deviation

110

Ve =tV
Mixar hput for Vg = 20V
100 [~ 1, u 98 MHL

Sy V./

-5 4 -3 -2 L] 1 2 3 4 3
Fraquency devdetion (WHz}

AGC Input vs. capacitance

100
mumer&.qu
0 Veg =BV ]
1= 06 MHz
s \ foge = 1087 Mr
] ] _1 |
. E \\
"-.._..______
§r
0
80
¥ 8710 23 8 7% T000
Capectinros [pF

Oscillator butfer output vs. supply voltage

L .
/
w lmc-ﬂﬂ-TLHz dﬁ/
g //?'ﬁum
b~
gm /
100
7 v w i u w
Bupply vollags (V}

Frequency deviation vs. supply voitage

400
300
200 —
gm  foag = 1187 Mz ,,///
g T 07 Mz
0
E.m /7
~200 7
300
[ T S R R S TR TR T
Supply voltage [V}

Osclllator frequency deviation vs. input

9 T
Vo= 8V
30
g 20
10
g fosc = 1087 MHE
° A m—
—t |
-10
-0
-30
—° 0 20 40 80 (1] 100 120 140
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120 L
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112
Sm
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Mixer output vs. osclilator output

Vo= BV

[} ]

//

0

0,047 yE

iy mixer

Three-signal characteristics
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S-meter output and mute output vs. IF input AM characteristics
o AF output, 30% moddaton
& N — /‘ o p Voo m B8V
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Detector output and THD vs. modulation AM two-signal characteristics &)
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Low-pass filter frequency response (1)
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FUNCTIONAL DESCRIPTION
FM Front-end

AGC

The FM front-end AGC comprises two circuits—the
pin-diode antenna input limiter and the dual-gate FET
gain controller, shown in figure 1. The AGC ON level,

High-pass filter frequency response (stereo)
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Pin 8 output vs. frequency (1)
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Pin 8 output vs. frequency (2)
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measured on pin 63, is determined by an external capac-

itor and is typically 20 mV.
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Figure 1.

The pin-diode driver operates when the voltage on pin
62 is equal to or less than approximately (Vee ~ 1) V.
The impedance of the pin diode decreases as the current
flowing through it increases. The voltage on the second
gate of the FET also drops, decreasing the FET's tran-
sconductance, g.. This attenuates the input signal by
approximately 30 to 40 dB as shown in figure 2.

10
Ve
- X
‘-——ﬁ
s [ ]
§
§ . \
2 o / -\
. ol \
-2 [/] 20 40 ] [ 1) 100 120 140
Input [dB4.)

Figure 2. Input attenuation

The AGC input level is primarily determined by the
mixer coil, A typical input level characteristic is shown
in figure 3, and the AGC ON level frequency response,
in figure 4,

AGC stage
110 T
Vw-l\'
M Input for Yy = 20V
100 1= 15w 98 MHZ |
] //
- N
§ //
Bw \\/
§ 0
80
PE s a2 o o L
Fraquency deviation (MHD)
Figure 3. Input characteristic
120 T
vm.nv
tnputfor Vg m 2V
112
o
2w ]
// a
" ] o
S0 1000 pF
| - L1
Y% 2 3 100 2 3 B 7 1000
Froquarcy MHzH

Figure 4. AGC frequency response

Note

The recommended FET is the 35K 181, Since this is an
enhancement-mode MOSFET, full attenuation is
achieved at a gate-source volage of Vgus = 0 V.
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Oscillator

The oscillator is a Colpitts oscillator with an on-chip
feedback neiwork. The oscillator level is set by the
padding capacitor and the Q of the components con-
nected (o the oscillator transistor base on pin 3. Mixer
conversion and negative feedback is reliably achieved
when the voltage on pin 3 is greater than 200 mV.
Typical oscillator characteristics are shown in figure 35,

2
go sap MEEN
2
\ 50 1000 pF
=
\ fe = 98 Mhz 0.047 uF
g 2
¢ ose
2 05 Input for 30 dB S rrds
Togg 1087 MHz
g 1 P~ T
3 \ T
18 1o w 98 MHz 1
\ 1 kH1, 22.8 kHx deviaon
14 \
12 —-3dbLi
)
10 I
[] 100 200 300 00 500

Onclistor Injection valtage (mY)

Figure 5. Mixer gain vs. oscillator output

A ~{(A—{42—(d1

The oscillator output is buffered by an emitter follower
and output on pin 4. The external circuit shown in figure
6 can be used if there is insufficient output drive. Note
that the collector current should be less than 5 mA.

—

Figure 6. External circuit

FM IF Stage

The FM IF stage is shown in figure 7. The bypass
capacitor connected to pin 43 improves weak-signal
stability. ‘

1000 pF

L1 yF

Figure 7. FM IF stage

IF count buffer

Station seek is selected when the voltage on pin 7 is Vpp
(5 V), and then when pin 7 is grounded, station seek
halts. The voltage on this pin can be controlled exter-
nally by a microprocessor.

The 10.7 MHz IF count signal is output on pin 7 when
band muting and weak-signal detection are both OFF

and the S-meter output voltage is greater than the volt-
age on pin 38. Otherwise, there is no output signal on
pin 7. See figure 8. The signal detector output, pin 27,
goes HIGH when the IF count buffer becomes active.
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©
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Figure 8. IF count buffer

Station seek overshoot

An excessive response time can delay the IF count
buffer output causing station seek overshoot. This
response time is dependent on the time constants of the
circuits connected fo the mute drive pin (pin 33},
S-meter output (pin 50), FM signal detector adjustment
pin (pin 38} and automatic frequency control pin (pin
34). The time constants for pins 33 and 34 are given in
- figures 9 and 10, respectively.

Charging: T=R, XGCyy

Poz (],
/ﬂ o

Discharging: Te Flgsx Gy

Figure 9. Mute drive time constant

| -
o 3 Ryga7
b T
' Vhaer
( °u+==(\ =48V
i T=Rargr xCyy

Figure 10. AFC input Lime constant

Soft muting characteristic

The soft muting attenuation and ON level are deter-
mined by variable resistors connected to pins 39 and 47.
The general shape of the characteristics obtained by
varying these resistors is shown in figure 11.

Attervation
j-—-.

¥_

Antenna Inpul

Muting ON lavel

Figure 11. General shape of soft muting characteris-
tic

The muting attenuation characteristics obtained by vary-
ing Ry while Ry = 51 kQ are shown in figure 12.

° 1]

~20 [— Ot 1, =107 MIE

' ml J ,W 1y, = 400 Ha, 75 kHa dwation
[ / Soft mutng ON
L~ =

o}/ \

=80 ——, N
N fNofse
P 2
~100
[] 20 40 80 80 100
IF stage Input [dBy}

Figure 12. Muting attenuation characteristics

The muting ON level characteristics oblained by varying
Ry while Ry = 10 kQ are shown in figure 13.
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Figure 13. Muting ON level characteristics

The muting attenuation’s resistor dependence is shown
in figure 14.

1% 1) T T T
fp = 10,7 Mz, 00 a8y
m = 400 Hz, 100% moduation 1
0
—
g-'lﬂ\ -S-mater evel varatio
E—m o
[
e
—
~30
Aftsnustion
—40
10 2 L) 4 7 1k 2 3 E 7 10k

Attsrymlion petting resdstor {7}

Figure 14, Muting attenuation’s resistor dependence

AFC bandwidth

The AFC bandwidth is dependent on the load resistor
between pins 34 and 37, Risr. This dependence is
shown in figure 15,

fr w107 MMz My
= 400 Hx, 100% mocuiation—]
00—\
\
gsuo \\
b
§zoo \\
S
10 [
\_-‘-
°
g 8 & 7 1k 2 $ T 100k
Load resistance (g)

Figure 15. Bandwidth vs. load resistance

Stop sensitivity

The stop sensitivity is adjusted by varying the resistor
connected to pin 38. See figure 16.

100 ,

. /
5 1
;. /
§ /
" . //

V
P

Signal detactor level acdfuating resistor ()

Figure 16. IF input vs. Rsp &

The antenna input level required to activate the IF count
buffer for varying IF count buffer ON level setting
resistances is shown in figure 17.

1r = B8 MK
/ Pgg = 1.6 W |

3 Wk R 5 00k
iF soum butter ON heval satting resister (01}

Figure 17. Antenna input vs. IF count buffer ON
threshold resistance

Note

When testing the stop sensitivity, the IF count buffer
output can become active if there are any feedback paths
through measuring equipment to ground as shown in
figure 18.
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capacitance
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Figure 18. IF count feedback

S-meter output

The S-meter output {pin 50), whose equivalent circuit is
shown in figure 19, is used in both AM and FM
reception. It is switched internally for FM when pin 53
is HIGH (3.5 V or greater), and for AM when pin 53 is
LOW (1.5 V or lower). In both AM and FM modes, the
resistor connected to pin 50 determines the output volt-
age. The maximum output value is clamped to 7.0 V.

for FM

fe

L.,
1

T

for AM

7

Figure 19. S-meter output

In FM Enodc. pin 50 is used to detect the field strength
for station seek stop and the soft muting level. If any

AC ripple voltage is present, the stability of these two

functions is reduced.

FM IF stage and AM tuner output impedance

Pin 32 is both the FM IF output and the AM tuner
output. The output mode is selected by the voltage
applied to AM/FM SW, pin 53. If the vollage on pin 53
is LOW (1.5 V or less), AM is selected, and if HIGH
(3.5 V or more), FM is selected. The equivalent output
circuit is shown in figure 20.

Voo

M IF

Vee

AM
tuner

£ 10 k) Icﬂ

AM desmphasis

Figure 20. Equivalent output circuit

FM mono reception is selected when pin 6 is HIGH, and
FM stereo, when pin 6 is LOW,

in FM stereo, subcarrier distortion is determined by the
cutoff frequency, fc, whose lime constant is given by re
% Cx, where r; is the FM IF stage output impedance and
Ca: is the AM deemphasis capacitor. In FM mono, Cy
has no effect.

AM Tuher

AGC

The AM tuner RF AGC comprises two circuits—the
mixer input level detector and the FET-input level
detector.

The AM tuner stage and its typical characteristics are

. shown in figures 21 and 22, respectively.
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Figure 21. AGC stage

. The effect of both AGC circuits is shown in figure 23.
* Fisld strangth
° AF OUT (12 dBem) 90% mocdstion
£
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)
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= il
-80
I ‘ AGC O leval
, 2 B 8 ik ik
Vam h
o—nnLc g
'----———-—/4 Figure 23. Wideband AGC and antenna input field
. : // i ' strength
4
7 Pirdode
2, A | ~ Mixer Input AGC ON lovel
F ) I .
’é 2 ){\‘ \w iz [~ 4 ] This AGC circuit detects the signal level on pin 55 to
§ \\ [ SR IRLY maintain the mixer input dynamic range. Its ON level
8 ! l'“ I“;;” e gy Ly (the dashed line shown in figure 23) is set internally, It
p o1 L \w N S suppresses interference from adjacent stations within
Irput () +40 kHz in the RF band. The signal level is maintained
_ _ within the shaded area shown in figure 23. The mixer
Figure 22. AM stage characteristics input AGC ON level can be increased by approximately

10 dB.

Causes of second-harmonic beat nolse

The 900 kHz RF input signal from the antenna is
amplified by the FET RF amplifier and passes through
the alignment circuit to the mixer. If this signal is large,
the varactor diedes can cause second-harmonic distor-
tion of 1800 kHz. The 900 and 1800 kHz components
each produce an IF signal—(450 + o) kHz for the 900
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kHz signal and (450 — o) kHz for the 1800 kHz signal.
These two signals interact to produce a beat signal of 2¢
kHz, '

The difference frequency beat characteristics for f, = 900
kHz and the comresponding circuit are shown in figures
24 and 29, respectively. The minimum signal-to-noise
ratio using the reference input signal is 30 dB.

o
=10 1»".:.'.!‘.'-_
-0 ‘L/ mum LI
- / 4]
E_: i f/ baat niokss m $00 kHz_|
NA
-8 h)
g [t =900 kHz \\ Complats w0 beat niclas,
ek AR E N
° L “© (] ® W 10 140
Arterma Input (dBy)

Figure 24, Causes of second-harmonic beat noise

5—»— Mixar
;

Figure 25. Second-harmonic beal noise generation

Beat noise suppresslon

The AGC ON level for f; = 900 kHz is reduced to a
level corresponding to a gain approximately 10 dB
lower when pin 18 goes LOW to reduce the signal level
to the varactor diodes. This improves the S/N ratio as
shown in figure 26.

[} » 40 80 80 100 120
RF AGC OM level [dby)

Figure 26. Beat noise suppression

The mixer input level detector AGC is activated when
the signal on pin 55 is approximately 8¢ dBp (10 mV).
This AGC controls the input level by varying the FET

drain-source voltage, Vps. When the voltage on pin 53
reaches 10 mV, the DC voilage on pin 56 decreases.
When the voltage on pin 56 decreases to 2.5 V, the
pin-diode circuit maintains the antenna level at approxi-
mately 60 to 70 dBp. The attenuation is approximately
30 to 40 dB. When the pin-diode impédance decreases
10 its minimum, the DC voltage on pin 56 begins to
decrease again, decreasing the FET's drain-source volt-
age. This decreases the gain of the RF amplifier and
stabilizes the mixer input level.

FET-input AGC circuit

This AGC circuit prevents distortion of the FET input
signal when a strong RF signal is received. This is
because the AGC frequency response of pin 57 is the
same as that of the RF amplifier gate. The frequency
response of the AGC circuit is shown in figure 27,

1
H-c!-h— haquercy = 1 MHZ

3 5 T 10 2 3
Ingut frequancy (MHI}

Figure 27. Detector AGC frequency response

The AGC ON level is determined by the AGC ON level
adjustment resistor. The level is increased by decreasing
the resistor. The level is decreased using the external
circuit shown in figure 28.

Vee
Rg12
VaYoc - Rst-2 x los¢” ]
Ej’ 56V
rs
oy
Rey-1

L 3
1} )

Figure 28. AGC ON level adjustment

If the dynamic range becomes limited, a DC cut choke

coil is requircd. In this case, the load resistance is given
by Rsi.i Il Rsio. Note that if Rsy.; is greater than 100 Q,
Rs; should be increased.
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The AGC capacitors Cs, and Css determine the low-fre-

quency modulation distortion. Distortion decreases if

either capacitor is increased, however, this increases the
. response time,

FET Vps control cascade transistor

When there is no input signal, the voltage on pin 56 is
given by the following equation, where hg is the current
gain of the. cascade transistor, See figure 29.

Vss = 5.6 — 10000 x D58 y
hrg

. For increased stability, the cascade transistor should be a
low-noise, high-hge type.

Figure 29. Cascade transistor

Osclllator

The oscillator can operate up into the short-wave band.
However, the oscillator buffer operates only up into the
medium-wave band. As a result, an extemal oscillator
buffer is required for short-wave reception.

The oscillator has a 2 kQ resistor in series with the base
so that it is less susceptible to station seck eror at low
temperatures than previous devices. This problem is
caused by parasitic oscillations in the 50 to 100 MHz
region.

Automatic statlon seek

The automatic station seek system is shown in block
form in figure 30.

DESIGN NOTES

FM Front-end and IF Stage
AGC capacltors

The AGC capacitors, Cg; and Ce, can be increased to
improve paramelers such as AM rejection. However, the
increased response time of the AGC can cause audio
dropout. In particular, Cs;, which forms an RC network
with the 12 kQ output resistance, cannot be made too
large. The recommended value of Ce is 1 1o 3.3 KF.

IFAGC Emuter

Figure 30. Station seek system

The IF count buffer is turned ON when the S-meter
output voltage is greater than the reference voltage on
pin 42, given by Vs = (100 x Rez) pV, and pin 7 is
HIGH. When pin 7 goes HIGH, the IF AGC time
constant is reduced to approximately 50 x Cas, reducing
the S-meter response lime during station seck. When
station seek halts, pin 7 goes LOW tuming the IF count
buffer OFF. Linearity is approximately 60 dB until the
RF AGC turns ON,

AM level adjustment

The AM output level is determined by the voltage
divider formed by Ry, and the internal 10 kQ resistor as
shown in figure 31, The AM output level with no output
load is 2 to 3 dB higher than the FM output level for the
same modulation level.

3.
AM deemphasls
AM cu l ;{ FL.IZ

10kD

Figure 31. AM level

Weak-slgnal stability and AM rejection

The close proximity of the FM front-end and IF stages,
and the narrow 0.8 mm pin pitch can cause ground and
supply voltage interference. This can decrease the
weak-signal stability and AM rejection. To prevent this
problem, ensure that all ground lines for the RF stage,
mixer and oscillator are isolated. Isolation of the oscilla-
tor supply ground is particularly important.
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QR coll design

The FM IF stage in the LA1886M is similar to the FM
IF stage in the Sanyo LA1145. The design of the QR
coil is identical to that for the LA1145,

AM Tuner

Allgnment coll

The RF amplifier gain and the sensitivity are almost
constant if the alignment stage has a flat frequency
response. However, the alignment coil could have either
loose, critical or tight coupling. At 1400 kHz, tight
coupling can result in the tracking error shown in figure
32, with a resulting deterioration in the two-signal char-
acteristic (two signals interfering at +40 kHz). The coil
should be designed carefully to avoid this occurring.

Selectivity Selectivity
[-[-] i
I
4
1400 kHZ at 1360 kHz 1400 kHr Af
Ideal . Non kdeal

Figure 32, Tracking characteristic

The gain of the RE amplifier can be increased by
increasing the number of turns on the primary coil. This
method of gain adjustment has the fewest side effects.

Multiplex Filter

The multiplex filter deemphasis time constant is deter-
mined by the external capacitors connected (o pins 16
and 17. For 0.015 WF, the time constant is 50 ps, and for
0.022 pF, 75 us.

The multiplex filter high-frequency cutoff, fc, is deter-
mined by the exiemal resistor connected to pin 41. To
increase fc, connect the resistor 10 Vee. To decrease fc,
connect the resistor to GND. The resistor should be
between 50 and 500 kQ. If pin 41 is open circuit, fc is
approximately 80 kHz.

The recommended ceramic resonator, connecled to pin
23, is the Murata CSB456F23.

third parties.

W No producté described or contained herein are intended for use in surgical implants, life-support systems,
aerospace equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and
the like, the failure of which may directly or indirectly cause injury, death or property loss.

M Anyone purchasing any products described or contained herein for an above-mentioned use shall:

D Accept full responsibility and indemnify and defend SANYO ELECTRIC CO, LTD, its affiliates,
subsidiaries and distributors and all their officers and employees, jointly and severally, against any
and all claims and litigation and all damages, cost and expenses associated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYO ELECTRIC CO. LTD., its affilates, subsidiaries and distributors or any of
their officers and employgss jointly or severally. '

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYO believes information hersin is accurate and reliable, but no guarantees
are made or implied regarding its use or any infringements of intellectual property rights or other rights of

No. 3577—32/32



