Ordering number : EN4823A

Monolithic Linear IC

LA1888NM

Car Stereo Single-Chip Tuner IC

Overview

The LAI8BSNM 15 a high-performance, multi-function
single-chip tuner 1C that was developed for use in car
stereo systems. The LA1888NM is a second-gencration
single-chip tuncr IC that integrates six blocks in a single
package. Five of those blocks provide performance and
functional improvements over the corresponding five
blocks provided by the first-generation LA1886M and
LA1883M, while the additional sixth block consists of an
MRC circuit that reduces the noise in multipath reception.

Functions

» FM front end, FM IF, noise canceller, mulliplex, MRC
{multipath rejection circuit), AM, and FM/AM
switching, (See the following page for details.)

Features

= A tuner’s characteristics are determined by the noise
suppression performance. The most signilicant feawre
of the LAI888NM is that the characleristics of the
individual blocks have been redesigned to improve the
notse characteristics in the cases of multipath, three
signal IM, two signal suppression and AM interference.

» Excellent anti-three signal interlerence characieristics,
equivalent to those of the LA1193M FM front end (3D
AGC system).

+ Improved noise canceler characteristics in the medium
and weak field of antenna input signals.

* Improved sterco separation (excellent high frequency
scparatlion)

« Built-in anti-birdie filter (= 114 kHz, 190 kHz)

+ Built-in MRC circuit that detects multipath noise

* The W-AGC sensitivity, which is essentially equivalent
to that of the LAITATN, was increased by 10 dB (from
95 dBu (0 85 dBu) during seek operations to prevent
stopping at spurtous stations with strong interference.

* The AM detector oulput frequency characteristics can
be set independently.

(Low frequency and high frequency AF responses can
be sel independently.)

* The pin layout of the first-gencration LAV8B3M single-
chip products has been maintained, thus casing
transition and supporting product minialurization.

herein. -
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Package Dimensions
unit: mm
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Ambient temperature, Ta - °C SANYO: GIP64E
Specifications
Maximum Ratings at Ta = 25°C
Parametar Symbol Conditions Ralings Lnit
Ve maxd | Pins 40 and 62 95 v
Maximum supply voltage -
Vg max2 Fin 44, 47, 54, B0 and 61 12 '}
Allowabla power dissipation Pdmax | Tas55°C 956 mw
COperating temperature Topr ’ -40 o +85 'C
Storage temperature Tslg —40 (3 + 150 *C
Operating Conditions at Ta =25°C
Parameter Symiol Condillons Ratings Unit
Aocommandsd supply volt Voo | Pins 4D, 44, 47, 54, 60 and 69 8.0 v
eeo supply voliage Veo STIN| Pins 5 v
Oparating supp'y voltage range Vop 0p 7510 9.2 v

Functions

« FM front end (equivalent 10 the SANYO LAIT192)

Pin diode drive AGC output

Keyed AGC adjusting pin
Differentizl IF amplifer

sensitivity seuing
Local oscillator

—_—

» FM IF
— IF limier amplifier

Double balance mixer, dual input type

MOSFET second gate drive AGC output

Wide AGC sensilivily setting, narrow AGC

— S-meter output (also used by AM circuits) by six-

stage pickup

— Multipath detector (dedicated FM S-meler)

— Quadrature detector
— AF preamplilicr
— AFC output

+ NC

Bandwidth muting (muting for detuning}

Weak input muting
Soft mute adjusting pin
Mute atieruation fevel adjusting pin

IF counter buffer output (also used by AM circuils)
SD (IF counter bufTer activation level) adjusting pin
SD output (active-high) {also used by AM circuits)

* $D: Station Delection

High-pass filter (first order)

— Delay circuit of low-pass filter (fourth order)

Noise AGC
Pilot signal compensation
Noise sensitivity seiling

— TForced noise canceller off in AM mode

No, d823-2/65
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* MPX
-— Adjustment-free VCO
— Level following pilot canceller
— HCC thigh-cut control)
— Automatic stereo/mono switching
— VCO oscillator stop (AM maode)
—= Forced monaural
— 8NC (stereo noise control)
— Siereo indicator {active-low)

Detector {(demodulator)

RF AGC (narrow and wide band)

PIN diode drive pin

Tweel reduction circun

IF AGC

S~-meter outpul (also vsed by FM circuits)

Local oscillaler

Local oseillator bulfer outpul

IF counter buffer output (also used by the FM IF

— Anti-birdie hiler (T = 114 kiz, 190 kHz2)

» MRC (Multipath rejection circuit)

— Noise amplifier
«— Noise detection
— DC level shifter
~= SNC and HCC driving

— Time consiant control circuit

. AM
—Daouble balance mixer
— IF amplifier

circuit)

— SD (IF counter buffer activation level) adjustment

— SD ourput (active-high) (also used by FM circuits)

— Increased W-AGC sensitivity during seck operation

— Demodulated ouipul frequency response setting
{cutting for low frequency and de-emphasis for high

frequency)

* Other functions

Built-in AM/EM switching circuit (linked to the

front-end Vee)

FM General Characteristics, fr = 98.0 MHz antenna input

Paramatar Conditions Ratngs Unit
Practical sensitivity :z:: ;'3['; :;' ;ﬁ:ﬁg::;:ﬂﬁ::ﬁl}” output, antenna input 25 dB
Demodulation culput 80 dBp inpul, fm = 1 kHz, 75 kHz dey, demodulator eutpul 260 myms
Distorion 80 dBy input, Im = 1 kM2, 75 kHz dev. 0.28 %
Main distodion 80 dBy Input, fm = 1 kHz, L + A 90%, pilal 10% 0.28 %
S/N ratio Quiput referance, S/N for unmodulated signal 72 dB

_ , im = 1 kHz 22,5 kHz dav. + Im 1 kHz 30%,
A rejection ralic AM antanna B0 dBp output and Im 1 kHz. AM output ratio 4 a8
Limlling sensitivily (m= 1 kHz, 22.5 kHz, antenna input when the outpul is down by -3 dB. & de
Imaga relection ralio :;\, :\ 1;4_;&:!; tm = i kHz, anlenna inpul when the 22.5 kHz output s 58 4B
. 80 ¢Bp, Im = 1 kiHz, 22.5 kHz dav,
No input noise oulput Qutpul reference, No inpin noise output ratio 20 ¢e
. B0 dBy, Im = § kHz 90%, pilol 10% 75 kHz dav.,
Separatian 1 Leh 1 kHz 90% — Rch 1 khz 90% 40 de
i 2. o 72 i . M
HCC effoct iﬁ:ﬂﬁﬁ;’ﬂpﬂ uTezn lznzésomzu?iu&ﬁi'gymfé dB. e ey
Pilol cancalling 80 dBy, Pilol 10% cancelation n daB
S-meter output § No inpul 0.3 v
5-mater qutput 2 20 dBp 29 Vv
S-maleroutpui 3 &0 d8y 5.1 Vv
Practical sensitivity at fp = 588.0 MHz,
Thres-signal charactenstics funl = 98.8 MHz, 100 dBy, non-mod, el d8p
1,o2 = 99.6 MHz, 100 dBy, Im = 400 Hz, 22.5 k2 dav.
Two-signal sensitivity suppression I_j:,?B- sg?ilmﬂilﬂi:ﬁ : 19 géodgrizr;mi 51 dBp
SD sansitivily Antanna ingut that lums on the S and IF counter bullor 0 dBy
) i Anlanna inpul 1hat turns on the W-AGC,

Antenna amping activalion (evel wilh the keyed AGC on 81 déy

No. 823365
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AM General Characteristics, fr = 1 MHz, JIS standard dummy antenna

Pamamelear Canditions Ratings Unit

Praclical senstivity im = 1 kHz 30%, antenna input lor a 20 dB SIN 24 4By

Detecior oulpul 74 0By, fm = 1 kHz 30%, detector outpul 120 myrms
Detecior ouput refarance, antenna input ratlo such that ihe output is

AGC FOM down by -10 dB 55 a8

S/N ralio Clatactor cutpul relerence, S/N rallo for unmodulated signal 52 de

Distortion 74 g8y, tm = 1 kHz 80% mod, THD 022 %

50 sensifivity The anlenna input that lvms on the SD and IF coumer buller 30 oBp

5-metar output 1 o input 0.1 v

S-mater output 2 74 dBy a2 v

S-malar oulput 3 120 d8y 4.4 v
r = 1900 kHz, Im = 1 kHz 30% mad, antenna input ratio such that it

Image rejection ratio bacomes the same as the AGC FOM -10 dB detector output. ns o

Artanna damping acthvation level Antenna input such thal the antenna damping is 0.7 V of graaler 88 4By

Twest reduction on antenna damping Antenna Input such that the antenna damping is 0.7 ¥ of greatar, 80 48

activation lovel pin § low W
fr= 1. ’ A

W-AGC activation level ;r- 1.4 MHz. antsnnd inpul such 1hal the antenna damping Is 0.7 V o4 dBy

greater
. Anlanna input such thal the anfenna damping is 0.7 V of
W-AGC activation kevel {during seek} groster curing a seek opsralion 85 dey

Mo. 4823.4/65
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LA1888NM

Operating Specifications
Ta =25°C, Vo = 8.0V, specified FM IF test circnit, AC3, with an {r input of 10.7 MHz
Note that thesc measurements were made using IC sockets manufactured by Yamaichi Electric

(1C-51-0644-824, KS8277).

- Test SWNo, {on=1, off = 0)
Parameter Symbol Conditions . Filter min 3 max | Unit
y point 2(3|4|5|(6|7(8B|9 i
' Noinput, 40 + 154 + 147 + 160 +
Quiescent current locco M Fiat s 14d + 182 i1{ijofofofjofof1i1 52 75 93 [ mA
10.7 MHz, 100 dBy, 1 kHz, IHF
[remodulaior output Vo-Fi 100% mod, pin 15 output VAl T200 1110|001 0jJO0|C[1%1 240 360 480 |mVrms
100 dBy, 1 kHz, ratio between VA4 LIHF
Channel balance cB pins 15 and 16 VA5 |T200 1]vyo0lofojajoli1f|{1] 10 0| +1.0 dB
Total harmonic )
distortion L THD-FM L [100 dBy, 1 kKz, 100% mod, pin 15 VA4 1lrjo|ofojofo]1]1 0.5 1.2 o,
100 dBy, 1 kHz, 100% mod, pin 15, IHF
SIN ratio SINFM  |outpul reference, fatio with the un- | VA4 7200 1jtr|ojo]ajojo]1|1 75 B2 dB
medulated cutput '
100 dBy, 1 kHz, 100% mod,
- ) output reference 1 kHz, fm = 1 kHz, IHF
AM rejection ralio AMR 0%, the ratio with pin 15 VA4 T200 111 jolojojojotbiqi 62 75 dB
output in AM mode
100 dBj, 1 kHz, Vg2, pin 16 E
ATTH attenuation when V33 goes from VA4 11 {ofo]ololC|1}1 20 25 30
T200
Ototy
Muting attenuation - daB
100 dBy, 1 kMz, Vg2, pin 18 HE
ATT2 attenuation when V33 goes from VA4 18 |C|O]O]jO[O]1] 28 33 38
T200
Gto2 V.
, 100 dBy, 1 kHz, LI0% —» RO0%, IHF
Separation L SeplL pilot = 10%, pin 15 oulput ratio VA4 T200 i1{1yojlolojotol1]1 30 40 da
| ST-ON |oiot modulation such that vD2 1{ijolo|ofo|o|1|1] 14| 28| 45
Stereo detection V5<15V .
lovel Pilot modulation such that ’
ST-Hy V55 3.5V vD2 i1 |0[0}Oj0O[O]1]H 0.6 17
. . 100 dBy, L + R = 90%, o
Main THD L THD-main L pilot = 10%, pin 15 Va4 [BL-43 |1 I1lojofojcio)1i1 0.4 1.5 %
100 dBy, Pilot = 10%, pin 15 DIN
Pilot cancellation PCAN signal, 19 kHz cancellation with VA4 L{ejo]olo]|of1]i/0] 20 30 dB
AUDIO
SW10 on or off.
100 dBy, L ~ R = 90%, pilot = 10%, iHF
SNC cutput voilage Vg SUB Vged V28= 0.1V, pin 16 VA4 T200 1[1r0]l0)0j070ftIA 3.0 | 100 [mVrms
SNC output 100 dBp, L - R = 90%, pilot = 10%, ' iHF
attenuation ATTSNG 1y 3v28 =06V, pin 16 VA4 ogo jt|M|O(O] OO0 |} 20| 60} 00} dB
160 dBp, L + R = 80%, pilot = 10%, IHF
ATT HCC1 |im =10 kHz, Vg3 v29=06V, VA4 7900 1({1]jofojofo|of1i{t Q 4.0 8.0
HCG output pin 16 a8
attenuation 100 dBy, L + A = 90%, pilot = 30%, HE
ATT HCC2 [fm = 10kHz, Vge3V20=0.1V, VA4 200 111|0j0o]lOlO0O|Gf10Q1 6.0 | 10.0 14.0
pin 16
100 dBy, fm = 1 kHz, 30% mod, IHE
Input Iimiting voltage Vi-lim input reference output, IF Input VA4 T200 11|00 ]OlO]1|D}1 27 34 41 dBy
for -3 dB down when muting is off.
. " , Unmodulated input level such
Muting sensilivity Vi-mute that VD5 becomes 2 V. VD5 1j1jolofofojojof1 26 34 42 | dBy
Input level such that VD2 VD2
S0 sensitivity SD-sen  |becomes 3.5 V and VA3 becomes VA3 i{rjofo]of1)0[0}1 63 75 87 | dBp
100 mV rms o pver.
IF counter buffer | VIFBUFF- |, 451, non-mod VA3 1lifolofof1|o]of1]| 220 | 310 | 440 |[mvims
cutput FM
Vgy FM-1 | No input, pin 24 DC culput vD3 i{l|{o]lofofolOo|Of1 0 0.1 03
Vg FM-2 150 dBy, pin 24 DC output vD3 111 ]jofojojo|olof1 0.4 1.2 23
S-meter output - v
Vg FM-3 |70 dBy, pin 24 DC output VD3 i|l1|0o]0o10O[Q|O[O]|1 1.6 2.8 4.7
Vgp FM-4 | 100 9By, pin 24 DC output vD3 1]1{0f(ojojo0lofo]1 4.3 5.3 8.7
100 dBy, bandwidth such that
i i B ' 0 150 240 kHz
Muting bandwidih BW-mute pin 33 VDS becomes 2 V. VD5 1,1]0]0] 0|0 o1 80
100 dBy, unmedulated, pin 33
i i G 0 1 0.03 2 v
Muting drive output Vmute VDS (the mute drive outpus) voltage vD5 11110)0 0 o] 0 0

No. 4823-6/65
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1 MHz AM ANT input, with SW1 set to the AM MOD position.

See specified Test Circuit.

Parametar Symbol Conditions Test Filter SWNo. ton = 1. oft = ) min 3 max | Unit
point 2{3|4}5|6]|7]|8]|9 P
. [ input: 27 dBy, Im = 1 kHz,
Practical sensilivity SIN-27 20% mod VA4 |[IHF gjofojojajefof1(1 20 25 dB
74 dBy, fm = 1 kHz, 30% maodg, IHF
Detector output Vo-AM . H ° VA4 01010 |0¢0|1070]1 |1 B85 120 170 [mVrms
pin 16 T200
74 dByp outpt reference, HE
AGC FOM input widih such that the output is VA4 T200 oJo|ofo|ojofO]1]1 52 57 62 dB
reduced 10 dB
ANT IN = 74 dBp, HE
S/N ratic SIN-AM  |fm = 1 kHz and an unmodulated Va4 ofo|o(o]ojOjOf1( 47 52 da
signal T200
Total harmonic
distortion : THD-AM |74 dBy, fm = 1 kHz, 80% mod VA4 oloflo{olote|lo]t]1 0.3 1.0 o,
Vg AM-1 [ No input VB3 0 111 oA 0.4
S-meter output SM P v
Vgy AM-2 [ 130 dBy, unmodulated VD3 0 11 3.3 5.0 7.0
v, -
OSC butfer output |~ OSTESF INo input VA9 ololojolojo|e{1{1]| 220 | 270 mvrms
Input frequency = 1.4 MHz
S W-AGCsen-1 and VDG = 0.7 V VD6 gjololojoy0|olt]t a5 91 97
idth AGC
ss:si:r\;ity input frequency = 1.4 MHz dBp
W-AGCsen-2 Jand VDE =07 V vD8 pjlolofofojr1|Ol1]1 76 4 88
{during a seek operation)
IF counter cutput: 100 mV rms or
5D sensitivity Sb-senAM | higher, an input such that VD2 VD2 ofC|OtofOo]iq0|1{1 20 27 34 | dBp
becomes 3.5 V or higher
T t reducti AC3 fr = 1 MHz, ynmodulated,
i‘:’e‘?t re ”F;"‘,"" Tweet-sen | antenna input such that VD@ VD6 glojoio|1loto|l1js]| 46| 52 58 | o8By
clrcuit sensiiviy becomes .7 V or lower.
IF buffer output Viraurr-AM | 74 dBp, unmodulated, VA3 cutput | VA3 olofofojoj1|ofr]1 270 | 350 myrms
FM front end mixer input, AC2 fr = 83 MHz, SW2 set to the MIX position. See specified Test Cireuit.
. Test ; SW No. {on =1, off = 0) . )
Parameter Symbol Conditions ] Filter min typ max | unit
point 2|3|4|5(6]|718]|9
MIX input such that pin 2
REAGCONIPUL | VAGC | ponomes 54 of lower VD1 1|m|1{o|olefo|1j1| sz| e | 96| aBy
MIX input such that pin 2
W-AGC on input Vi AGC  |becomes 2 V or lower, set the vD1 1iM[t1]o|o]o|oli1y1 96 103 110 | dBp
keyed AGC (Vcc2) 001V,
Mix i MHz, 70 dBp,
Canversion gain AV no":]""m%lgisECFOmpm“ VA2 1 1jolololel1]s] 160 | 250 | 406 |mvrms
OSC buffer output Vose No input VA1 i 1|o|of{oqo|ti1]| 190 | 270 [ 350 |mVmns
Noise canceller input (pin 30), SW4 set to the NC input position. See specified Test Circuit.
Parameter Symbol Conditions Tesl Filter SW No. (on =1, off = 9) min typ max | Unit
¥ point 2|lala|s|6l?|89
Tne time required for VD7 to
Tgate? |exceed tV, PG1 = 1kHz, 1 ys, vD? 1loflo|N|ojo|el1{1| 35 | 85 75
' 100 mVYp-p pulse input
Gate time The time required far VD7 to
T ) exceed 1V, PG1=1kHz, 1 ps, Vo7 1loloin]ololo|1|1] 10 25 40 b
GATE 100 mVp-p puise input,
ACSE =1 kHz,30 mV rms inpul
1 kHz 1 ps pulse input level
Noise sensilivity SN such that the noise canceller vDr VIO N 0100 T 40 6C  |mvp-p
operates.

No. 4823-7/65
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MRC input (pin 26). See specified Test Circuit.
- Test ) SW No. {on = 1, ofi = 0}
Parameter Symbol Conditions . Filter mi
Y point TT2]a]elcle]7]a[a] ™" | WP | mex | U™
Piny 27 VD4 voltage when
MRC output VSASC [Vaz =2V, forpin 26 inpul of VD4 i1lolojolojo|O]|Ols]| 18 1.9 2.0 v
1 kHz, 5 mVrms
Pin 26 input such that
MRC operation lavel | SASC-ON | pin 27 VD4 voltage becomes 1.9 V.| VD4 i1{o|ofojo[O)010]|1 10 25 |mvVmms
Pin32level =2V
Operating Characteristics and Test Circuit Signals
1. Switches
An on switch has the value |, and an off switch the value 0.
There are two switches used for transfers.
» SW2 swiiches between the MIX input and the IF input.
* SW4 switches between the IF OUT + NC input.
2. SG Types
PG1(AC1} [ For NC measuramant. Requires a pulse generator and an AF oscillator.
AC2 For FM front end measurement. 83 MHz output
AC3 For FM IF, NG, ant MPX measurement, Must provide a 10.7 MHz output and suppont stereo modulation.
AC4 For AM rmeasurement. 1 and 1.4 MHz outputs.
ACS For MRC. Variable AF oscillator.
3, Power Supply
Vcc av
Vel 5V 8D, sterec, seek/stop
Veoo2 0.1 V0.7 Vi2ViAV ) Keyed AGC, mute ATT
These must be variable voltage.
Vo3 01 VOBVR2Y HCC, SNC, SASC (MRC)
4. (a) Switches
SW Function On Ooff [{e]2p]
SWH Slwuches between AM and FM, front end Ve supply, M AM 0
pin 62
Connects the front-end IF
swe2 FM IF input swilch, pin 50/front-end output outpst to pin 50. Connects AC3 1o pin 50 T
SW3 For conversion gain measurement Conversion gain measurament Other use o}
. . Connects PG1 (AC1)
SW4 Switches between NC input and IF QUT + NC. during NG measurement. Other use T
SW5 Tweet reduclion circuit (pin ) When tweet reduction is on Other use Q
SW6 Seek/stap (IF BUFF onvoff), pin 13 Seek (IF buffer output) Stop 0
SW7 Mute off {pin 39) Mute off Mute on 0
SW9 For pilot cancelter measurement When Pi-Can in on When Pi-Can in off o]
(b) Trimmers
VR For separalion adjustment
VR2 Far pilot canceller adjustment

Nuo. 4823-8/65
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5. Measuremenlt Points

(a) DC vollages
vOi FM RF AGC voltage Pin 2
Vo2 AMFEM S0, AM twest reduction, FM stareo Indicator Pin5
VD3 AMEM S-meter Pln 24
VD4 MRC output Pin 27
vD§ Muta drive output Pin 33
vOs AM antenna damping voltage Pin 58
vO7 NG gata time Pin8
{b) AC voltages
VAl FM OSC bulfer Pin 4 transistor buller (72.3 MHz)
VA2 Firsl IF output Pin 53 to CF to pin 50 load lavel {10.7 MHz)
VA3 IF counter bulier Fin 13 {10.7 MH2/450 kHz)
VA4 MPX out laft ch Fin 15 {AF)
VAS MBX out right ch Pln 16 {AF)
VAR AM QSC butfer Pin 45 output (1450 kHz2)

No. 4823-9/65
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Printed Circuit Board Pattern

Component Surface (fop view)

Component Mounting
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Pin Function Blocks

Pin No, Block Pin No. Block Pin No. Block
1 FE 23 FM FE 45 AM/IF
2 FE 24 AMIFM 46 AM
3 FE GND 25 IF. AM.GND 47 AM
4 FE 26 MRC 48 AM
5 AMIEM 27 MRC 49 AM
6 NC 28 MPX 50 FM IF
7 NC 29 MPX 51 FM IF
8 NC 30 NC 52 AM
9 NG 31 | AMFEMm 53 FMFE
10 NC ' az FMIMRC 54 AM
11 MPX 33 FM IF 5 FM FE/AM
12 MPX 34 FMIF 56 AM
13 . AMIEM 35 FM IF 57 FM FE
14 MPX.NCMRG.GND 36 FMIF . 58 AM
15 MPX a7 FMIF 58 FMFE
16 MPX 38 FMIF 60 FM FE
17 NC 39 FMIF 81 FM FE
18 MPX 40 Voo 62 FMFE Vgg
19 MPX 41 MRC 63 FM FE
20 MPX 42 AM 84 FM FE
21 MPX 43 MPX
22 MPX 44 AM

No. 4823-12/65
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Pin Functions

Unit (resistance: £}, capacitance: F)
Pin No. Function Equivalent circuit Notes
ANT VCC B2PIN
AF
AGC
N Antenna damping current fiows when the pin 2
1 Antenna damping drive RF AGC voltage reaches Vee-Vag.
ADR208B
v cc
DAMPING
2 RF AGC ANT DRIVER Second FET gate voltage control pin
Voo
AORROB
3 FE.GND

veo

18p Osclllator pin

4 )Tﬂ"""\"—' The transistor and capacitors required for an
Ve oscillator circuit are built in.

0sC o © e 280
4 I— However, the oscillator buffer must be supplied
vT ; 28p =1k extemnally.
I V;=208V
o— 2sC2989
0s8cC
purF 1000w

ADRRO7

Conlinued on next page,
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Continued from preceding page.

Unit {resistance: £, capacitance: F)

Pin No. Function Equivalent clrcuit Notes
Tweel reduciion] .
clreult -
L‘ A
ik
AM Function
l Seek SD output
i {
oy Stop Twaet reduction circuit
sD AM FM| ] Sterao J FM- Funetion
80 fndicator Seek SO output
5 Stereo indicator S S P
AM tweet reduction top loreo indicator
clrcult This pin is used for the four functions listed
fk above,
5} Note: The siereo indicator is an aclive low
100k signal, i.e., it goes low in slereo mode. It
> "\“'__L cannol drive an LED.
l\'ou
0 AO2208
Turning this switch on In AM mode activates the twest
reduction ¢lrguit,
"E 3k
11 18k
M
F 200 h,__ First set the pin 6 nolse sansltivity field satting
6 Noise AGC sensitivity for medium field reception {about 60 dBy).
7 Nolsa AGC setting Then sat up pin 7 for weak fleld reception (20
? to 30 dBp) for noise AGC sensitivity.
il
{e) JS_
8 {z
3k
0.0“;[ iM Io.np
’ ' Aoziod
V(T:c
VREF
The noise exclusion is improved by setting the
time constant of tha gircuit connected to this
Monostable multivibrator pin so that the gate time Is Increased by 40 ps.
8 1ime constant Howaever, care is required In setting this value,
since distortion due to multipath or
overmodulation can become more noticeable.
100% 0.001x
I AJRELD

Continued on next page.
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Continued from preceding page.

Unit (resistance: €}, capacilance: F)

Pin No. Function Equivalent gircuit Notes
.01 &800p 3.8k
—Qg—l 10 ‘ 8 )—
N Tvcc H
9 The memory circuit used during noise canceler
10 Voltage memory circuit operation
D Gate
circuit
LPF AQRSLL
vee
11 Pilot Input JPLL Pin 11 is the signal input pin of the PLL clrcul,
&
N.C
—{1 of . 11}
0,01m ’ Acanie
The HCC frequency characteristics are
H apacitor determined by the capacitor connecied to
12 CC capa
this pin,
2200p I
ACRE13

Continued on next page.
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Continued {rom preceding page.

Unit {resistance: 0, capacitance: F)

Pin No. Function Equivalent gircuit Notes
l: .3V
vge IF counter
buiter
SEEK ]
STOP 10k | ygo 5O

IF counter buffer 50k This pin is used for both the IF counter buffer

13 Seek/stop switching 1.3vl {AC output) and switching for seek/stop.
(3
:E Bik
.ISTOP _T_ SEEK
1F =24
BUFF l
A02R14

NC ‘
14 MPX 4 The ground for NC, MPX and MRC circuit

MRC

GND

AQ2R18
vco
0.015 pF is used for 50 ps de-emphasis

15 MPX output {leit} (Japan).
16 MPX output {right) For 75 ys de-emphasis (USA) 0.022 pF is used

AdRass

instead of 0.015 pF.

Continued on next page.
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Continued from preceding page.
Unlt {resistance: 2, capaciance: F)

Pin No. Function Equivalent clrcuit Notes
Vee
17 P flot cancefler sigrial The pilot signal level adjustment
input
8.7k
0,04m BOK
AO2@47
vee|
i8 Pilat cangaller signai Nt Pl 18 Is the pilot canceller signal output.
output
1,6k
—{1 7% {1 uj
0.01m 50k Ao331L8
DECODER
Compasite 5k
F=1s]31-! —
The sub-decoder Input level is changed using a
. frimmer connected lo this pin.
e Separation adjusiment {The output levels in mano and main modes
GL@ ara not changed.)
I 0.047p ,
[CEETT

Continued on next page.
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Continued from preceding page.

Unit {resistance: £, capacitance: F)

Pin No. Funclion Equivatent circuit Notes
20 vCO The oscillator Irequency is 456 kHz.
l ADRREO
VREFT
18k
21 Wr
25 Phase comparator X
+ 15k
19KHZ
l Z80°
o) {a
ey @
H" AkL
H *
- Abeaal
The keyed AGC circuit stans operation when
KEYED
2 Keyed AGC AGC V23 becomes less than or equat 10 0.5 V.
Ageeee

Continued on next page.

No. 4823-18/65



LLA1888NM

Continued from preceding page.

Unit (resistance: Q, capacitance: F)

Pin No. Function Equivalent circuit Notes
vVee
FM
S-mater M~ |\‘ p
@3
= Fixed current drive type circuit
24 AM/FM S-meter The slope can be changed by changing the
s AMt J value of the S-meter outpul resistor.
-meter ‘T
. o Since pin 32 outputs a 1 mA current in Al
32 Dedicated FM S-meter @9 mode, HCC is turned off.
and MRC DC input ’
AMAFM
SW Iﬁ
L.
Output current 1 mA at AM mode
AM/FM
MRC gn
Ad2aza
IF N
S-meter
y—
30k
25 In technigues which directly detect the S-meter
AC compenent, the noise amplifier gain is
Ra determined by the resistor At (30 kQ) In
Figure 1. The frequency characteristics can be
c1 adjusted somewbhat with the capacitor Cy.
26 MAC AC input Ir? techniques which detect the IF'and S-ljneter
Biolre 1 Ao high frequency components and in techniques
g 2824 which detect the NG HPF noise output, the
noise amplifier gain is detarmined by the
30k resistor Ry (30 k) in Figure 2. The frequency
i characteristics are determined by the capacitor
Ci Rma2 c
—i——G3 "
: i S-maeter voltage
Figure 2 hpREEE
2?————@5 SNC
27 MAC output 200
10k
Aoz228

Continued on next page.
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Continued from preceding page,

Unit {resistance: Q, capacitance: F}

Pin No. Function Equivatent circuit Notes
VREF
The sub-output tevel is controlled by the input
28 SNC control Input DC voltage inthe range 0o 1 V.
28
Avmaa?
YREF
29 HCC control input
Ag2228
vVeco
30 Noise cancebler input The input impeadance is about 50 kQ.
4,2v
Ao2229

Continued on next page.
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Continued from preceding page.
Unlt {resistance: Q, capacitance: F)

Pin No. Function Equivaient circult Notes

Pin 30: NC input

30 Noise canceler input vce :J: tnput impedance: about 50 kQ
. . { ke Pin 31: AM and FM detector output
31 AM/FM detector oulput for |- FM maode: low impedance
: % Py AM rmode: output impedance is 10 kQ -
eff
Moige
canceller
. 50k

4.2\1

Aozpao

vYco

)
S50k Izoom:

Dedicated Fit S-mster . FM S-meter output block

32 output and
MRC DC input MRC DC input block

AQgpas

Continued on next page.
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Conltinued from preceding page.

Unit (resistance: Q, capacitance: F)

Pin No. Funetion Equivalent circuit Notes
Al
ce_ 2k gy
A2
50k
[~
.47 nlo 0824
{a o) 5
€3 &—
vgo
+ The muting time constants are determined by
the sxternal RC circuit as follows:
SEEK Attack ttme: Ty = Ry x Ca
?_F: Release time: Ty =Ra x Gy
« Noise convergence adjustment
) sorT|[HoLe|[Band . When there is no input 1o the ANT input, Vag
33 | Mute drive output MUTE|| DET || mute SDcireul 1 ¢ divided by Ry and Input to pin 39,
39 Mute input The nolse convergence is maximum when
V3gis2 V.
{The reference ¢an be varied beiween 5 and
< 35 dB when the output Is 1 kHz, 22 kHz dev.)
n
s = Muting off function
‘L The muting function Is tumed off when pin 39
L is shorted to ground.,
500%F MUTE AMP. 9
DETO
31PIN
‘i AOBZ232
VREF vk
. kL
is i
:3
Voe
4.8V
Quadraiure « R, determines the muting bandwidth as
detector follows: -
34 AGC ,l Increasing R4 decreases the bandwi‘dm.
Decreasing Ry increases the bandwidth.
35 QD output
* Null voltage
36 QB input The voltage between pins 34 and 37 (Va4.37)
a7 Vref ’

HOLE
i

iF fimiter

amplifier o

1

390

i

3p.

AWy

Band
mute

is 0 V when locked {synchronized).
The band muting is tumed on when
1V34-37 | 20.7 V.

Continued on next page.
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Continued from preceding page.

Unit {resistance: (2, capacitance: F)
Pin No. Function Equivalent circuit Notes
Ry 50 ADJ
A current of 130 pA flows from pin 38, The
38 FM SD adjustment comparison voltage is determined by the
sD gxternal rasistor R.
Comparator
%4
S-meter
ADRE24
vee
vce
7oA
J' The MRC deiection time constants are
determined as follows:
MRC ce )
a4 * The discharge time is determined by a 1 kQ
41 Control voltage time e resistance and Co,
constant ik The charge time is determined by a fixed 7 pA
current and Ca.
AD2E38
voe
I [»4
;;; This pin is used to change the frequency
o characteristics for the unnecessary section of
VEo tha audio band below 100 Hz, and to thus
acquire clear audio.
Note: The low-cut capacitor must be
40 AMLC connacted 1o Vg (pin 40).. This is
DET BOK ik because the detector circuit operates
M M-t + “reierenced to V.
1 S0k 1k .
i PSS I The formula shown below determines the
0t r
cutoff frequency fe.
fo=12n%50kxC
AGR23E

Continued on next page.
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Continued from preceding page.

Unit {reslstance: {2, capacitanca: F)

FM muote on adjustment

2K

Pin No. Funclion Equivatent gircuit Noltes
Yoo
tBkHz L£0"
BIAS
. The system can be forced to mono by adding a
43 Pilot detector 1 MQ resistor in paraile with the 1 pF capacitor.
—{a3
in
+
ACz237
Lan
h)
) vpe
¥
¥
=
AM osclliator
This circuit can operate through the SW band.
44 AM OSC it includes an ALC circuil.
ALL
% AOB238
l 0.022s
' 100K
R
T
Voo
N Since this pin Is used by both the AM and FM
osc bands, osclllator buffer output is available up to
AM osall b the MW band.
or -3 i
45 oscillator bu =100 Note: An exiernal transistor osciliator buffer is

FM
Lo
MUTE
4-9‘1 3,9K
Abeeas

required for the SW band.

The muting activation lavel is adjusted by
varying the external rasistor.

Conlinved on next page.
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Continued {rom preceding page.

Unit (resistance: 0, capacitance: F)

Pin No. Funetion Equivalent circuit Notes
veco
+
cozazs
{46 ,
vce Q, is a swilch for changirng the seek time
function time constant.
DET 50k Diodes; 22 pF
- A— The diodes are used for discharge.
@ 1 + Recaption
48 IF AGG 8ok T=22px30k
@ + Seek
. : : c =22 ux10
The external capaciter is connected o Voe.
j a1 . This is because the IF amplifier uses Ve asa
reference.
SEEK
oN L
10 =
3ok
J Aozesn
= VoG (400
ia 7‘ .
\|J v gctd o)
47 IF output § IF amplifier load
W
O
Aozadd
vec
10k
s.ei
48 [Antenna
.
3.38 damping] | Rk AGG rectification capacitor
This capacitor determines the distortion for low
48 RF AGC bypass l fraquency modulation.
49 AF AGC Increasing C48 and C48 improves distortion
but slows the response time.
For AGC
T 49
- +
ATa
Anga4a

Continued on next page.

No. 4823-25/63



LA18B8NM

Continued from preceding page.
: Unit (resistance: €, ¢apacitance: F)

Pin No. Function Equivalent circult Notes

L

a.s\i

L F10k
10kE
Because the Imiter amplifier has high gain, use
50 Fi IF input 330 care when choosing the grounding point for the
51 IF bypass limiter amplifier input ¢capacitor 1o prevent .
oscillation,
0.022 »1
AbRR42
. Bk
l 100

52 IF input J— _,.__éé—_——— The input impedancs is 2 kQ.
=3

ADBEA4
voe
IF OUT éa
2,76V « First IF amplifier input pin
200 300 « Inverting amplifier
53 IF ampfifier output A 5 Vgr=2V
57 {F amplifier input l The input impedance Ry is 330 Q.
= = Vg3=53V
L N Tha oulput impedarce Rgyr is 330 Q.
be 7
IF IN 5?——-—-
Ageian

Continued on next page,
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Continued from preceding page.

Unit {resistance: £}, capacitance: F)

Pin No. Function Equivalent circuit Notes
40PIN Veo
L.ﬂ.lu—;y Voo 40PIN
2}
S oo o
r f.4] L4l
i
100 |
usc
The mixer coli connected to pin 54 mixer
54 Mixer output output must also be connected to pin 40 (Vgo).
56 Mixer input Pin 686 is the mixer input,
: The input impedance is 10 kQ.
AOg246
W-AGC ! N-AGG |
E2PIN
Vee
BVE:I J’SVD The pin §6 and pin 59 circults Inctude built-in
DG cut capacitors.
aop The values of capacitors Gy and C; defermine
{&5) T I ’I the AGC activation level,
56 W-AGG input Sop Pin 55 is used for AM mode SD sensitivity
; AM SD adjustment adjustment,
59 N-AGC input

SOpA

AM SD

S-mefer

A02247

The current {I55) ocutput from pin 55 is a fixed
50 pA. V55 is therefore determined by the
value of pin 55's external resistor.

This circuit compares V55 to the S-meter
voltage to operate the SD function.

Continued on next page,
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Continued from preceding page.

Unit (resistance: €, capacitance: F)

Pin No. Function Equivalent circuit Notes
Voo
S0p
e
100
AM 2ok |
58 Antenna damping drive E 158 = 6 mA
output l Antenna damping currant
Wide band AGC Input W.ABC AMP.
vce
ANT DAMPING
DRIVER
AQzzaB
1ST.IF usSt
60
vce i
51 Double balance mixer
30 Pins 60 and 61 are the mixer output and
provide a 10.7 MHz output frequency.
60 . i Pins 63 and 64 are tha mixer input, This circuit
Mixer output v
61 i te ,J ™ is an emitler insertion type circuit, and the
Fa " insertion level is determined by capaciters C
63 Y 1
Mixer input c4 and G
84 o—1—a L 2
sp T Note: Lines from pins 63 and 64 must not be
located in the vicinity of lines from pins
RF AMP C2 €0 and 61.
G4
Sp
620 FE5a0
”r
ADRE4R
L ~ Yoo nao Pin 62 is used both as the FM front-end Vg
5?) W +* AWEM
. l v and as the AM/FM swiich.
-[ ¥ ~ switsTiteg clreuil
62 :\:i{]clh?r?d Voo AMIFM I EMFE | o 3.3v Vg vollage ] Mode
9 lav l 8V > M
é Open - AM
GND '
Aoponsa

Nao. 48232865
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Application Notes

. Pin 62: AM/FM switch (front-end Vo) block
- Pin 62 is also used as the front-end Voc. When the FM front-end is operated, the IC automatically switches to FM
mode. The switching reference voltage is 3.3 V.

Van SW ON SW OFF
Frontend 4 ]
Vo voltage
8Y =
B T T B e e R .-
¢
AM FM Mode AM
Figure 1

Pin 62 Mode
av FM
Opean AM

2. Pin 5: AM/FM 8D, stereo indicator and AM tweet reduction circuit
Pin 5 is used for four functions: AM/FM SD, stereo indicator and AM tweet reduction. During a seek operation
(when pin 13 is high), it functions as the AM/FM SD. In FM reception mode, it functions as the stereo indicator
(active-low). In AM reception mode, setting pin 5 low increases the RF AGC activation level by 10 dB and thus
functions as a tweet reduction measure.

3. FM front-end block

Interference characteristics

The LA1888NM incorporates a newly developed 3D-AGC (triple dlmenswn AGC) circuit, This circuit achieves
improvements in both the three signal interference characteristics (lntermodu]atlon characteristics) and the two signal
sensitivity suppression characteristics. Improving both of these characteristics at the same time had previously been

considered d

ifficult.

. Intermodulation characteristics

The LA1888NM prevents IM (intermodulation) by applying wide-band AGC in duplicate.

100»

---t‘-a

| ] soong

AN MIX _BUT
PN WE ABCIN

Faim
oL

LEES

’—l +
& Feok
vowed] T larf'

H [0 AQJ|

AM WYX TH
11

| 3]

AF Agd
HE AGC

ANTO

O.0RRx =2

il
[ X-LEE
HB3ALO-A
FE P a6

i

L]

WANTD

S0.0RRA

h

ikp

BYCROB L}
Ll
10p 100 10000
i} 4 soox¥
*

IIVBB‘l

1l
LOD0E gk 30K3

Toosd

O

ANT I¥ OHD *“PTHB AHT o

O

10000 I“

L1 FH
FH AM|

Figure 2

¥T Fe BHD AWM
o8T

vor BH O TEH
YCC DFFvAR

Unit (resistance: Q, capacitance: F)
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As shown in Figufe 2, the LA1888NM includes a double AGC system; a narrow AGC (pin 59 mixer input
detection type) and a wide AGC (pin 55 input). Figure 3 shows the antenna input frequency characteristics.

Af -~ AGCON level (ANT IN)

< o %|
l o
N
: - 4

%

&'“Gct‘il*“y

N

GC sensilivity — dB|

N 0
S~
\ 20 /
Pin 23 = V,
~“\ m"!/N‘-AGC sengtbivily—
Y60
9B.0 MHz when Af = O 50
5 <4 3 2 49 ¢ 1 2 3 4 &
Af - MHz
Figure 3

Double Wide AGC System Features

-— Since the wide AGC is a mixer input detection type circuit, it prevents the occurrence of intermodulation due
to interference sources with a Af of over 1| MHz. (TV band interference prevention)

— For the adjacent channel interferences, the narrow-band AGC is activated, therefore the sensitivity of the
wide-band AGC can be set low so as not to respond to the local oscillator output leakage.

— Since the sensitivities of both the wide and narrow AGC circuits can be adjusted with external components,
optimum sensitivities for the field conditions can be set up.

— Since the input level of the desired station can be limited by the narrow AGC, excessive levels will not be
input to the MIX and beating at multiples of 10.7 MHz is reduced.

3.2, Two signal sensitivity suppression characteristics

Until now. keyed AGC systems have been used to achieve good intermodulation characteristics and good two
signal sensitivity suppression characteristics at the same time. However, in keyed AGC systems, the wide band
AGC would become essentially inactivated for weak signals. As a result, the automatic station selection
function would operate incorrectly and blocking oscillation would occur in the presence of strong interfering
stations. Thus these systems were difficuit to apply in actual use. To resolve these problems, we developed a
new AGC system (3D-AGC) whose application circuits are extremely simple, and incorporated this system in
the LA 1888NM. '

Whalt is 3D-AGC?

3D-AGC is Sanyo’s unique system that determines the wide-band AGC level using information that has three
frequency characteristics, as shown below.

Information from RF and antenna circuit Mixer input AGC “Th
[ Information from MIX circuit Mixer output AGC :l— di ree .
Information from IF circuif with S-meter output IMensions

ceramic filter selectivity

No. 4823-30/65
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3-3. 3D-AGC Features

Feature

Merit

The 3D-AGC system controls the narrow AGC sensitivity (operation at
At < 1.5 MHz2) only according 1o field strength of the desired station.

« Effective as a measure for two signal sensitivity suppression.

It controls the narrow AGC sensitivity at Voz <0.5 V.

« Allows the circuit to function as a measure for two-signal sensitivity
suppression without degrading the three signal characteristics.

The wide AGC operales even at Vga = 0, .., even whon there is
no desired station.

* |tis possible to prevent incorrect stopping during seek due 1o
intesmodutation oceurrence.

* Allows the prevention of the oscurrence of intermodudation in the
presence of a strong field interfering station. Blocking oscillation due
to AGC operation can be prevented.

The sensitivities of the narrow and wide AGC circuits can be set
independently. -
See Figures 4 and 5.

+ Optimal sellings for given flald conditions are possible.

it includes double AGC systems, a narrow AGC and a wide AGC.
See Figure 6.

* Since the natrow AGC operates at the desired station and at adjacent
stations, the wide AGC sensilivity can be suppressed and incorrect
AGC operation due 1o local oscillator jump-in prevented.

ON level (ANT IN) Fig4

af - AGC
—, o
o M
-
-2 y
7. |10 &
o
N Q
\\ =
-

A

50 |

R
& keyed AGC
&

| i

-5 -% -3 -2 - [¢] 1 2 3 4 5
Al — MHz
70 WAGC, NAGC - f Pig 6
80 Wide AGC activalion level
= frequency churacteristics | L\
P ol R =]
ﬁl lcvgo rw AGC activatign i)
H Tequency characteristjeg \\
_ 1o
Biw
g B
Q & 110
g
E% 120
SE
29 130
g8 The VRF AGC pin 2 becomes 2 V or less.
B i AGC input level frequency characteristics
1o i
10 2 5 5710 £ 3 %5 710 £ 3 8

Frequency, [—MHz

Af ~ AGCONlevel (ANTIN) Figh

!_‘Fa_ﬂﬂ I
QP
E e}
N A
o
\\ Q
N <
\\z
\ d Q‘:" keyed AGC
q\
70
60
50
B I R -2 Q 1 2 3 4 5
Af — MHaz
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3D-AGC Sensilivity Characteristics

4 AGC
sensitivity Wide AGC
aansitivity
> AP

Two signal sensitivity
suppression improvement

Deslred station
AGS sensllivity

Narrow ARG
sensliivily

Vo .
(Igesired sltatlon
fiold strength) V

Figure 7

Figure 7: 3AD-AGC sensitivity, Af, and V,; characteristics

— The wide AGC sensitivity characteristics determined by the antenna RF circuit seiectivity regardless of the
value of V23.

— The narrow AGC sensitivity characteristics is determined by the total selectivity of the antenna, RF and MIX

circuits when Va3 is 0.5 V or higher.

When V4 is less than 0.5 V, the narrow AGC is not activated.

— The improvement in two signal sensitivity suppression is indicated by slanted line shading in the figure and
corresponds to the portion of the total AGC sensilivity due to the narrow AGC,
* Figure 8 shows the actual operation of this function,

Af ~ AGCON level (ANT IN)

-5

3o
B m
'§-E =]
3 )
388! [0 Ve
Aunlenna & QE 50 q
input ) by
_OdBy" B0 V
l3dBu>% /
)
Q
7T
G
0
50
~% -3 -2 - ) 1 2 3 4
A — MH=

[p=98MHz Two-signal pad
1 TNT]N
: w Vi

(u=98MHz+ Al

v keyed AGC [N

Unit (resistance: £}, capachance: F)

Figure 8
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3-4. There are two AGC circuits in the LA 1888NM front-end block.
— Pin diode antenna input limiter
— FET second gate control

Pin 59 is the AGC input, and the AGC circuit is activated by inputs of about 30 mVsms or greater.

AGC Operation .
The PIN diode drive circuit activates when Ve — V5 is over 1 'V (approx.) and it applies input limitation atthe
antenna circuit. In application circuits the attenuation will be on the order of 30 to 40 dB. Following drive
circuit activation, a current.adequate for operation flows in the antenna attenuator PIN diode. When the
impedance falls, the FET second gate voltage falls and the FET gm falls and then the AGC operates. We
recommend using the Sanyo 38K263 as the FET. Since this device is an enhancement type MOSFET, full AGC
is applied when the voltage VG2-S (the voltage between the second gate and the source) is zero. Note that AGC
will not be applied until Vg, g is less than zero if a depletion type MOSFET is used.

V2 AGC characteristics | Fig9
? _ {r= 98,0tz
8 ch”—"—BﬂV
\ Ta=25°C
7 -
> 6 AT R N TS TN
I opo PN dods 1) O 002
5 —j Fanxae poul 36d8 T
8 A
< & N
o™ .
- | \\\
I < N
U000 20 30 40 50 0 70 60 90 100 M0 120 8O 140
ANTIN - dBg
3-5. Mixer

The LA1888NM mixer is a balanced input. balanced output, double balance type mixer circuit,

'BOI 63| |62

Input circuit type: Emitter input 64
Input impedance: 25

The following characteristics were achieved by optimizing
the element morphologies and the emitter cutrent.

—{ 7 ]
MIX DUT b

MIX INPUT
MIX QUT
MIX INPUT
MIX VvCC

MIXer input practical sensitivity: 15 dBp
MIXer input IMQS: 90.5 dBp
(The oscillator level will be 200 mVYrms ai this time.)

H s

e
“

0sc

X
Ly
‘J‘L

PR

A

vor
sk
T

AD2EN1 ’L‘

Figure 10 Mixer Circuit
MiXer input IMQS is as follows; (Iimproved by 6.5 dBp over previous products.)

IMQS is the interfeyence I and 2 input levels such that when an
interference signal with the same level is input to the mixer and
distortion occurs al the mixer. the generated IM output has a SIN
ratio of 30 dB.-

fr= 98.8 MHz, ro input
fu1 = 98.8 MHz, 1 kHz, 30% modulation
fyz = 99.6 MMz, no modulation -
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Mixer input-Vosc . Figll IMSIN - fyp and fypg Input ~ Fig12
38 §0
3% %0 .
%
0 & |
= . . @
3 \ % 3
L % kS |
g‘ B % z »
g 2 =) =
5 ) 2 2
18 :
\ /
L 0;;@ \ ~ L 10 fyp1 =83.8MHz, non-mod.
External insertion : e / fupe= B4.6MH2
0 | l o fm = 1kHz 30%mod.
€ 80 80 100 10 120 B0 60 70 80 90 100 mo 120 130
Voge Mizxer outpul — dBpt Typy and fyypy; inpul — dBp
Mixer 1/Q characteristics Fig13
%0 Mixer coil no. 023
® VAT
=5
Mixer coll no, 010
? 10 xer <ol no. \'1‘
E .
2 100 75 5p
g « ¢ R
i . 5 i 5
20 .
2 / veo 100k vﬁ@
2 w0 VHF . _
> iz é iaao: ve > —19dB
T N .
70 @ Unit (resistance : £, capacitance : F)
50 {both input und ouiput measwred) | 1

50 60 70 80 90 10 no 120
Mixer input —~ dBR

3-6. Oscillator

The oscillator circuit in this IC is the clamp oscillator shown in Figure 14. An external oscillator buffer (one
transistor) is required. The pin 4 oscillator level must be 200 mVrms to achieve optimum practical sensitivity
and limiting sensitivity at the mixer input . It is best to pick up the signal from pin 4 (the IC side of the 18 pF
capacitor) to assure that the oscillalor buffer circuit capacitance component does not influence the
synchronization circuits. Also, note that the signal can be picked up from the coil side of the 18 pF capacitor to
increase the oscillator buffer lgvel. Currents of 2 mA or over are required in the 28C2999 and the 28C3142 to
obtain good buffering from the oscillator butfer circuit.

Yoo

Wr T Q)——l-—l —

8svEe
208

vr
Unit {resistance : £2, capacitance ; F)
Figure 14 Aogzne
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3-7. Since the FM first IF amplifier is an inverting amplifier (as shown in Figure 15), negative feedback can be
provided by the resistor Ryp. (Note that Ry must be over 2 kQ2.)

A 1 Adﬂ 44{: . 1 T
TO MIX 3300 O5 RNF c.-_xID FM IF input
3300
33ce
Figure 15 Acmmna

Flrst IF am plifler frequency characteristics  Irig16 Front end first IF amplifier input characteristics Fig 17

130
(IF Amp GamA 23 3dB) ( | I I
o | | *‘-\\E—m (open) 120
b= s —]
] -4 R=3.9k{} \\ 10 2
E o 2k \\ /
B s ~ \ 2 y00 pd
> a2 1kO 4 s Ve
g% pd
24 . I %0 V4
a E 16— 1 \ s A 7 0.02 [vuF
EE 8 <20}—+ l-—--&-—| & > 60 / 5 I #nd AAS
E = X ap TV " P ; i ViN ;;D.Omi
ﬁ gy 24 i ’I’sso 330
8 S o8l Pt b 60 1
- o ot ) S %o Unit {reslietence: N, capacitance:F)
1.0 Z 3 5 710 2 3 5 710 z 3 ' 40 50 60 70 80 90 00 10 120 130
fr — MH= Input —dBj

4. FM IF block

4-1 FM SD and SD Adjustment
The FM SD and IF counter buffer circuits operate using the elements shown in the figure below.

dﬁ”lm Muting drive
I put
Band muting v IFf BUFF AMP

—50p

S-meler Comparator

L

400K

2k BY
(SEEK MOD.) I

sD

3+—

5\'} IF BUFF

AG23B0
Figure 18 Unit (resistance: Q, capacitance:F)

The following conditions must be met for the SD and IF counter buffer to operate.

— V24 > V38 The S-meter voltage must be higher than the pin 38 voltage.

—V33<0.7V (Vgp) The hall detector and the band width muting functions must not be operating.
— V13 =High A high level must be applied from the pin 13 through 51 k€2 resistor.
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Figure 19 shows the relationships between the FM 8D, the IF buffer output, the S-meter and the muting drive
ouiput, (V62 =8 V and V13 = high.)

V24
S-meler
S-meter
Dacreasing
IC internal comparator voltage B3s
vis " =
' ! Incraasing
H A38
i
! 3 |
Vi3 I} i
uiting [5o-oo oo Uity Bt il
Tutpu? When 0.7 V or higher S Band muting
H Hall detacior
: output
E 1
V5 . !
S0 output [ A 6
SDON 8D OFF SDON
Pin 13 !
IF buffer | i IFBuff. ON !
autput —
10.7 MHz output 10,7 MHz oufput
300 mVims . 300 mVrims

AQ2284

Figure 19 Relationships between FiM S-meter, Muting Output, FM-SD and IF Buffer Qutput

As shown in Figure 19, even if the S-meter voltage is larger than V38, if the V33 muting drive output is over
0.7 V, the FM SD and IF buffer are turned off to prevent any erroneous stoppage of operation.

SD sensitivity adjustment  Fig 20

40/ /

? /
/]

10 4

Antenna inputs for which pin 5 goes high— dBy

[ 10 14 18 2 26 30 34
Pin. 38 — ground resistance — k{2

Ny, 4823-36/65
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4-2.

Detector ontput — 4B

4-3,

Detector ouiput — dB

4-4,

FM Muting On, Pin 45 (R45 is a 100 k2 variable resistor.)
By adjusting the value of R45, a -3 dB limiting sensitivity can be achieved.
0 Deatector output — antenna input  Fig 21
Soft muting: fr = 98 MHz
fom =1 k, 22.5 kHz dev.
]
i ||
-10 &
/ y’ms:ukn
20 — I
A%
e \\ 7 [30ka
~4Q \ /\L
-50 "“-—-a.:;
~l_
-80

=30 -20 -0 0 0 20 30 40 50 60
Antenna input — dBp.

(Approximately, a 25 k€ resistance is used for R45 to achieve a -3 dB limiting sensitivity.)

FM Muting Atenuation Adjustment, Pin 39 (R39 is a 50 kQ or 30 kf2 variable resistor.)
Pin 33’s voltage is divided by the variable resistor R39 and the input to pin 39. The noise convergence is
determined by the voliage at pin 39 when here is no input signal,

Detector output — antenna input  Fig 22

Muting attenuation
0
" _ex((\ [
)Q R39-3 = 47k, R39 = 3.3k0
20 — L 1. L
\S? R39-33 = 31kQ, R39=19k0
x / I~ Mutiing off
-£0 ey
-50 g
]
%0 A6 6 10 20 30 40 30

Anltenna input — dBp
(The LA1888NM is designed for a noise convergence of between 10 and 40 dB.)

Muting Time Constant
The DET output level changes associated with field variations during weak field reception can be made
smoother by sefting the soft muting operation atlack and release times in this IC.

| Muting
Mutng amplifier
output Attack time selling
Ta=R33 % C39 =940 ps
33 39 Release time selting
R33 ‘ Tr= C39 % R39 = 23500 ps
A

e o3 R3g
0.0224F pATLF | S0KO

Figure 23
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4-5, FM Muting OIT Function
Muting is turned off when pin 39 is forced (o ground.

Detactor

L
output 0 /
i
Whan pin 39 is grounded, the noise conver-
gence is 10 dB and the -3 dB limiting sensitivity
20 is about 0 dB,

. Antenns, input

Figure 24 P

4-6. Hall Deteclor

The hall detector detects the level of the quadrature input signal at pin 36 performs peak detection, and finally

outputs the resutt from pin 33. There are three cases where this is useful.

— Weak input muting operates reliably for antenna inputs of 5 dBy or under. The attenuation is variable over
the range 10 to 40 dB when there is no input referenced to an antenna input of 60 dBy, fm =1 kHz, 22.5 kHz
dev. Thus one feature is that the weak input noise attenuation and the -3 dB limiting sensitivity for 5 dBp or
greater signals can be set independently.

Hall detector output - antenna input  Fig 25

Region muted by Hall detection

e | <

—

3

Vagpin — V

920 =10 [} 10 20 30
Antenna input — dBU

— When the quadrature input at pin 36 is saturated and the antenna input has a field strength of 5 dBy or
greater, In locations where abrupt field fluctuations occur or where multipath is severe, pin 36 noise level
detection is performed (Va) and a peak hold function is applied to pin 33 (Vb). Muting is operated by the
voltage Vc, which is created by integrating and rectifying that signal. This reduces the noise generated by the
detector.

pmmm—m g ———

—mmm——— 33

Vb/ r
2kn -
va 0.478F

;oaamrl w
o_____/\_/\__ o__/\/\ 0_/_%\

Figure 26 Hall Detector Weak Input Muting Av2z65

No. 4823-38/65



LA1888NM

— For the third advantage of this circuil, consider the case where there are two adjacenl broadcast stations at f
= 98.1 MHz and F, = 97.9 MHz. This circuil has the feature that during a seek operation it will not
incorrectly stop at 98.0 MHz. As shown in Figures 27 and 28, since Vapc = 0V and Vg, = 3.6 V at 93.0
MHz, the SD signal will be high. However, in the LAI888M, since the hall detector operates, Ve
becomes 1.2 V (which is over 0.7 V), and SD goes Jow, this incorrect stop is prevenled.

Third advantage provided by Hall detection-2 Fig 28

Z Whan 'he tuner Is tuned In 50 K5z sleps.
The realslanca batwenn pins 34 and 37 I8 61 ki
With tha 6D sensliivity adjusted to 20 dBiL

M
e

Third advantage provided by Hall detection-1  Fig 27

2 ‘Whon tha funer is tuned i 5! spl l

Tha resletance balwean ping 34 and 7 I8 61 ki, (5]
With the SD sensiitvity acgusied 1o 20 48y ‘fa'

’ I

-

(=]

4

3
T
3
i

o

L
I

Voltage bexween pins 34 and 37, Vo~ V
[}

Pin 33 Vomute -V
~

L. o

Voltage between pins 34 and 37, Vapc -V

Pin 33 Vmute - V
[~ )

Ak

(]
&

S ‘ /—l—.\ /—LI—-\ . > ‘
i rd . e ~y |
& = S~ : 2 \_.
o ™
£ o f;=97.9M1z, 120dB E o
o fm=400Hz, 22 5kHz dev. i fa=97.9MHz, 40dB,
e f' 98 II\'IIH 12048 8 fm =400Hz, 22.5kHz dev.
= J0. Z, 7 I T T ¥
fm = 1kHz, 22.5kHz dev. f=98.1MHz, 40dBx
6 6 fr=1kHz, 22.5kHz dev._
>
e "l |
‘4 ] 84
a -n
" &
i i
097.7 97.8 979 98.0 98.1 98.2 983 09'.’-'1‘ 978 975 98,0 981 88.2 98.3
Frequency, 1r —~ MHz Frequency, fr - MHz

4-7. Quadrature Input Level
The quadrature input signal at pin 36 must be at least 200 mVrms in strong field reception. The design of the
detector transformer and the damping resistor connected beiween pins 36 and 37 are critical.
(We recommend using the SA-208 (manufactured by Sumida Electric) for this transformer and a resister of
10 kQ between pins 37 and 36.)
The hall detector operates when pin 36°s input level falls below 160 mVrms and pin 33’s muting drive output
voltage increases. Therefore, if pin 36s input is between 160 and 200 mVrms in strong field reception, 1C
manufacturing variations can cause the muting circuil lo operate and SD to not operate. This can reduce the
audio output level. Thus, incorrect operation due to manufacturing variations and temperature characteristics
can be avoided by assuring that pin 36°s voltage is at least 200 mVrms in these conditions.
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Pin 33 Vmute — QD input lovel Tig 29 SA208 + LA1888NM input characteristics Fig 30
Plns 34 and 37 connected. ' I 4[08] &
5 V appiied to pin 24. S ® o
5 1 3|08 ‘l;;-
.\ \\ ] 3 ’:; //
S i 2[04 =
> 4 - %S\ NE | %A
| [~ I\ 1[0ZAETHD Tk
. N L1 |75kHz dev
2 E -1(:(}-80-60—40-20' 0[N, [0 |60 (60 160 1100 120 |
g L..__.ﬁ\ Af — kle
= - Pins 36and 37 Open g =
2 _1565'3 7 5 ™ \\ o 36dls;o:-|;ected g 02 \ a 13 ;ﬁ, Hz
0.022p 1 + Pins 36 and 37 connect I
1 5“‘? H by a L0 k€2 resistor. 04 \\
: 08 o
o 10.7MHz LATSEBNM \ :I(pm 37 voliage refesence)

92 94 96 98 100 102 104 106

QD inpul lavel — dBjL
P . v gﬂ:p‘" Pin 38 AC level
Unit {resistance : Q, capacitance : F) 9637 Vo QDIN
Open 330 mVrims 235 mVrms
10 kQ 280 mVrms 200 mVrms

4-8. Bandwidth Muting Setting

The muting bandwidth can be changed with the resistor Rgy connected between pins 34 and 37 as shown in the
figure beiow.

Pin 34/37 resistance ~ muting bandwidth  [ig 31

- T 1
i Rew
< 20 A 15{:

F 1

ﬁ IL 1 5208

200 e Sumida —
A \ Electronics
2 \
g wo \ANT IN 98MUiz 100dB 4
B
g

1
5 \\
= N
g €0 <
= \
z . L
g 40 <t
7]

01.0 2 3 L 10 F 3 5 7100 7

.

Pin 34/37 resistance, Rpw - kQ

4-9, Transient Response Characteristics for Automatic Station Selection
The transient characteristics for which the SD and IF counter buffer are turned on and off are determined by the
tlime constants of the circuits attached to the pins listed below.
—- Muting time constant: pin 33
-—— S-meter time constant: pin 24
— AFC time constant: pin 34

There are two points that must be investigated for high-speed station detection.
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— 8D Time Constant Dependence on the S-Meler Time Conslant
Since the current al pin 24 (Iy4) varies with the field strength, the time conslant changes. Since there is no
hysteresis in the SD comparator. If Cay, is reduced and pin 24°s voltage is used by the keyed AGC (pin 23),
then Cy3 must be chosen so that the AGC does nol become unstabie when the keyed AGC operates.

S-meter|

l 8D comparator
2

Ay 1 Y 2apin

Apzens

Figure 32

5. AM Tuner Block

BYCAS4

cUTE S 1 -
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]|
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VI _R.0V~3,8Y o,bRER E
AH Biak=1710k 2., .
VY 3,3V-7, > a -
B 3]
13
g s

q

S

&

A
RPALC ~

Wide-band AGC .
: f "N IF IN Jeaefope
setting resistot WE3A10=A" 100 Burp
ot @)
l_A eROE s
1L ey
l 0005 :I: e 1
BEPANOH
it
uuqnl 203 M IF Iy J‘g . ‘l.p'c Auvsu
| L0,
) PR IR OUT | = o
A ] =
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. IE—}@— "M NB AGTIM »EI:EI-» :; ::E
1008 rnls.; ‘_r ' I s;ﬂ.\na - HIKHINI e
z u.a;n“;z Froou '—141?' m’““:‘.;ﬁa- "
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Figure 33
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5-1. RF AGC
The LA 1888NM incorporates double RE AGC systems.
— Mixer input level detector (pin 56)
— FET input level detector (pin 58)
These two systems operate as shown in the figure below,

Antenna input field strength

A

\ i
\ ¥
L] f

1 10 dB up. (during seal)

0 Detuning

Figure 3¢ Detuning Characteristics in Wide Band AGC Operation

V2
/ AGC activetion |level
w= == Pin 56 input AGC activation level —» MXer input Dynamic range protection
/ // —-=~=—Pin 58 input AGC activatfon level -+ FET input Dynami¢ range protection
j / —=~— Pln 88 {nput AGC actlvation leve! — FET input Dynamic range protection during seek

The procedure described befow is used to change the AGC activation level for these two AGC systems.

— AGC of mixer input level detector (RF AGC) (pin 56)

Since this AGC circuit is provided to protect the mixer input dynamic range, its activation level is
determined internally. This AGC operates for both a desired station and adjacent stations. (i.e., adjacent
stations within the =40 kHz RF amplifier bandwidth) Stations within the RF bandwidth are controlled to lie
within the shaded section in Figure 34 by this AGC. The LA1888NM also provides a function for varying
the mixer input AGC activation level (the broken line with the single dot) in the figure. This function

increases the AGC sensitivity by about 10 dB.
- Figure 33 Tweet Improve BLOCK

Tweet reduction circuit

Figure 35 shows the detuning beat characteristics when fr is 900 kHz. With a standard input the minimum

S/N ratio is about 30 dB.
0 Tweet input Pig 35
I | | r=900kHz,
-0 Signal characlerislics _ i = 400Hz 230% mod _
e '
20 // Tweet max
& / T ]
-30 /]
o / [ T 1
1 Perfeot tune
a’ 40— £ (when tuned at 900 kHz) i
| s e e
5 0 \\‘/,/"" (Beat max)
TN
N ]
“n - = _Pirf-fci '“ﬂ:-(zezg_bea t) 4
® TITTT
4] 0 5 80 [:3] 10 120 140

Antenna inpul — 4B
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Tweet happened mechanism

The 900 kHz signal (fr) input to the antenna is amplified by an FET (RF amplifier) and input to the mixer
after passing through the double tuned coils. However, the RF amplifier's varactor diode distoris on large
input signals, generating a second harmonic (1800 kHz). These two signals are input to the mixer
simultaneousty. Furthermore, due to the dispersion in these signals, the following two IF frequencies are

created.
900 kHz ~> 450 + o kHz
1800 kHz — 450 + ot kHz

These two signals generale a beat frequency of two times o kHz.

Improvement in the LA1888NM

Fig 36

Ouiput

30dB

Noise without the iweet
reduction circuit

——— -

Improvement: about 10 dB

i
|
I
!
I
|
!
I
JIp— A
[
[
!
1

When lhe tweet 1|
reduvction cheuil is ou]

Noize with the lweot
reduction cireuit on

Zuro beal noise

0 0 L 60 80

0w 1 °

RF AGC activation level (normal)

This circuit increases up the RF AGC activation level
by about 10 dB only when fr is 900 kHz, and reduces
the AC signal voltage applied to the varactor diode. The
contro! microprocessor must determing when a signal
with an fr of 900 kHz is being received and set the pin 5
potential to low. (It will be at the high level (Vpp)
when the seek function is stopped.) This will increases
the RF AGC activation level by about 10 dB resulting
in 8/N characteristics essentially equivalent to those
shown in Figure 36,

The mixer input detector AGC circuit turns on when a signal of about 80 dBu (10 mVrms) is input to pin 56.
The AGC operation is controlled in two ways: by the antenna circuit output level and by the FET Vg When a
10 mVrms signal is input to pin 56, the DC voltage will fall, and when V49 falls under 2.5 V the pin diode
drive circuit will operate. This holds the antenna circuit at a fixed level of about 60 to 70 dBu. The antenna
circuit level attenuation due to the pin diode is about 30 to 40 dB. When the PIN diode impedance falls
completely, pin 49°s DC voltage will begin to fall and the FET's Vg will fall. This Jowers the RF amplifier
gain and holds the mixer input level fixed. '

— AGC of FET input level detector (pin 58) (wide band AGC)

Detector wide band AGC circuit  Fig 87
120 0 Recsived frequency: 1 MHz
m«»ﬁ-‘-uﬂm ece quency:
4 0,024 57
a 110 o 1
1 TH3 s
2 -6d8
k-] 100 | Unit (resiztance: 143 e F)
g |
8o
; P
- P
o [t &
:
L
.ml_ﬂ p. 1

160
Pin 58 input —- MHz
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The wide-band AGC circuit used in the LA1888M has the frequency response shown in Figure 37. The
frequency characteristics for input (o pin 58 are the same as the frequency characteristics for the RF
amplifier. This AGC circuit is provided to prevent the FET from distorting when a strong station signal is
input to the antenna circuit. The AGC activation level for this circuit can be set to an arbitrary level by
varying the wide-band AGC adjustment resistor shown in Figure 33. Although the AGC activation level can
be set by decreasing the resistance of this resistor, the higher AGC level may, depending on the type of FET
used, require the use of the application circuit shown in Figure 38.

This circuit is designed so that it does not limit the dynamic
range.

If there are problems with the dynamic range, a choke coil for
DC bias may be required.

I
Figuré 38
Since the load is parallel Rs.y and Rs . if Rg.p is over 100 Q, Rs).) must also be increased.

— Type of cascade transistor used for FET Vpg control

No input: V49 = 5.6 V - 10k X %‘25@

hgg: Cascade transistor FE

This means that it is desirable to use a low-noise and high-hpg
transistor as the cascade transistor to assure stability.

Figure 39

— Notes on double-tuned coil design
Double-tuned coils have the features that they provide a flat frequency response and only small changes in
RF amplifier gain for small frequency mistuning. Thus sensitivity differences within the received band are
minimal. However, in a double tuning circuit, three types of coupling can occur: loose coupling, critical -
coupling, and tight coupling. In particular, for tight coupling at an fr of 1400 kHz, it is possible for the two
signal characteristics (when there is an interfering station at 40 kHz) to be degraded as shown on next page,
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Selectivity Selectivity
dB8 dB
Since the 1360 kHz station Is
essentlally rnaltenuated,
the sensitivity Is significantly
reduced.
i
1400iHz Af 130z WO00kHz Af
Good example Bad exarnple
Figure 40

When evaluating the two signal characteristics for an fpy of 1400 kHz, if the characteristics for the upper and
lower interfering characteristics at fu = 1400 = 40 kHz are different, then the circuit corresponds to the bad
example in Figure 40. Thus extra care must be taken when designing the coil.

The RF amplifier's gain increases if the number of windings in the primary side is increased in the coil
shown in Figure 33, and the gain decreases if the number of windings is decreased. This can be used as an
adjustment with almost no adverse consequences.

5-2. QOscillator Circuit
This oscillator circuit is capable of oscillating through the short wave band. However, the oscillator buffer (pin
45) is also used by the FM block and this oscillator buffer has frequency characteristics of its own. As a result
the oscillator only functions through the medium wave band. An external oscillator buffer is required to use the
LAI888NM for short wave reception. However, the LAI888NM corrects the problems in automatic station
detection that occurred due to 50 to 100 MHz parasitic oscillation (that occurred in previous IC’s).

5-3. AM SD (pin 5) and SD Adjusiment
The SD and the IF buffer operate by comparing the V24 S-meter voliage and the V55 reference voltage, as
shown in Figure 41.

S-meter

Comparator

vceo ~

N _ v
Ky
IF Buff Amp.

=50
80P

S0sA

00k

10k
I""W" Sk Io.o.‘aan 5Vl
IF BUFFEA SD
SEEKX

100k

sV
Unit {resistance : Q, capacitance : F)
ADR2%7

Figure 41
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Figure 42 shows the relationship between the AM SD signal (pin 5), the IF counter buffer {pin 13), and the S-
meter (pin 24). However, note that this is for the case where V62 is 0 V and V13 is high.

V24
V24 S-meter
Increasing
RS5

(5 Decroasing
' ASS
O -

VGG

vs5 — 5V

5D ON
0

Pin13
IF buffer

IF bufter on
450 kHz output 360 mVrms

ADZ2B8

Figure 42 AM SD, IF Buffer, and S-Meter Relationship

8D sensitivity adjustment ~ Fig43

/

g

A

/
/

8 8 8

10

Antenna input for which pin $is 5 V ~dBp.

0 10 20 ETH) 40 50 &0
Resistance between pin 55 and ground — k2

5-4, The AM wide AGC sensitivity is about 95 dB at the antenna input. However, this is increased by about 10 dB
(to 85 dB} in seek mode, when pin 13 is high.
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5-5. AM high-frequency cut and detector output level setiing

The AM/FM detecior output (pin 31) has an impedance of 10 kQ in AM mode, and an impedance of a lew lens
of Ohms in FM mode. Therefore, R3] is used to set the AM detector outpul level and C31 to set the AM high

frequency characteristics.
2‘ vece
W
deteclor

&
fnai %CBi
Veco .
zz
AM
delector
10k@
g
NC input | \397
s0k0
Aogesn
Figure 44

5-6. AM low-frequency cut setting
The AM low-frequency characteristics can be set with the external capacitor C42 connected between pin 42 and
V. C42 must be connected o Ve, since the AM detector is designed with Ve as the reference voltage.

Detector output — 1 Fig 48
20 l l T q{] ]d
—l—vcc T 0.1,F /80 mo
c4z J‘)’- Ll wimical
é \ }'emovcd
1] 0 L r
£ 1 [y
F ' /:l-i . 30% mod [N\
2 a0 A%0.022,F- 1 11
50k %‘ /ALVU 047, F Catpin—]
+ 10kQ . 1, . L*’r/’ J=6800pF
d..c—rw ¢ T T I PR
W - TO 34PIN g / 1 é421in= Using sn SFP4SO/H
50k0 a 30
AQREO0
-40
fr=1000kliz
50 fm=10kHz 30% mod
. S7oo1 2 3 5701 2357190 £33 3710
Figure 45

Frequency — kHz

6. NC Block
6-1. The noise canceler input (pin 29) has an input impedance of about 50 kQ. Keep the low-frequency

characteristics in mind when determining the value of the coupling capacitor. Note that fr will be 3 Hz if the
applicalion uses a | pF capacitor.

6-2. Pin 6 and pin 7 are used to set the noise detector and the noise AGC sensitivities. To achieve good seltings. first
set the noise sensitivity (pin 6) for medium field (an antenna input of about 50 dBp) reception, and then set the
AGC sensitivity (pin 7) for weak field (20 to 30 dBp) reception. Note that although increasing the noise
detector’s sensitivity will cause an increase in the AGC sensilivily , it will reduce the noise detector sensitivity
for weak field reception. ‘
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6-3. The time constant of the monostable mullivibrator {(determined by pin 8) will be about 40 ps for a C of 1000 pF
and an R of 100 k€. Increasing the gate time will increase the noise rejection. However, note that the distortion
due to multipath or overmodulation will increase.

.6-4. The notse canceler may function incorrectly it a 10 kHz overmodulated signal is input. The reason for this is
that the IF detector output takes on the waveform shown in Figure 47 due to the IF ceramic filter band. (This
figure is for an antenna input of 60 dBu; bandwidth of ceramic filters are one 150 kHz and two 180 kHz
performance; and 10 kHz modulation frequency, 180 kHz dev.) The noise canceler responds to the whisker
components created by this overmedulation, and, as a result, distorts the audio output. (The whisker components
due to the overmodulation are created by the ceramic filters.) The following circuil can be used to prevent this
malfunction, The whisker components due to the overmodulation can be removed with a low-pass filter formed
by a | k& resistor and a 2200 pF capacitor; however, it may change the FM separation characteristics
(especially high frequency) and the AM frequency response.

Hi W1
a2.60u

IF datector cutput
f=10 kHz, 180 kHz dov.

IF ouiput NG input
1ka

@) 00

2200pF 18F
I Agzase
25 00us ©B1,0048
Figure 47 Figure 48
7. MPX Block ‘

7-1. HCC (high-cut control) frequency characteristics (pin 12)
The capacitance of the external capacitor connected to pin 12 determines the audio output signal frequency
characteristics during HCC control.

A
\'j¢]

(d&) !

. :

To the malnx | 1

cirouit 1 "

1
L - f
I S (Hz)

2720 X 20k
Figure 49 Figure 50

f

C= Z2rxCx20kq H7
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 Auenuation, HCC —dB

Frequency characteristics Fig 51
10 Changes in the pin 12 capacitance
o (for a high-cut efficiency of 100%)
g0 N M
RN
-10 ISNANAN RN
FANAN
-20 (7) .?)___
2, NOR N
i NN N
0 NN
@\ W
-0 "
50 Voe=8.0V
[=98MIz L00% mod
-60 80dBx IN '
57900 ¢ 3 5 T w 5 710k 3

Frequency, f — Hz

7-2. Pilot canceller adjustment (pins 17 and 18)

‘ L]
™\ _{>_‘ To the MPX |
NG ™ circuit 1
input | :
[ [}
| ;
! GATE :
! ]
! ]
| PILOT :
: cANCEL|
! 1
¢
R LR LR R 70)- = {917 - - {18)- - = - - i
G800pF 3.9k0 0.014F 50kQ R18
Figure 52

The pin 18 pilot canceler signal waveform is a 19 kHz signal that does not include a third and fifth harmonic

. component, as shown in Figure 54. Since this signal is in phase with the pilot signal, no capacitor is required

between pin 18 and ground. Since it does noi include a third and fifth harmonic component, good pilot
cancelation in both the left and right channels can be achieved by adjusting the circuit with the trimmer R18.

. Separation adjustment (pin 19)

To sub

_______ ; |
Y nio %J-HI_L_'_J Llj'; Incrieasing

¢
o.oamﬂ;

Figure 53 Figure 54

The separation is adjusted by varying the sub-decoder input level with the trimmer on pin 19. When the trimmer
is changed, only the subcarrier level (L-R) changes; the mono (main) outpul level does not change. High
frequency separation degradation in the decoder can be avoided in the subcarrier (L-R) frequency (23 to 53
kHz) by making the capacitance of the external capacitor C smail compared to the resistance of trimmer R} 9.
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8. MRC Blaock

8-1. Pigures 55 and 56 show two lechniques for using the MRC (multipath rejection circuit). In Figure 55, multipath
noise is directly detected by detecting the AC component of the S-meter signal and in Figure 56 the NC high
pass filter noise is detected.

Datection |
circuit

IF
S-METER

Figure 55 Application Circuit Using the AC Component of the S-meter

I S-METER
pro---SssmAammSssSs eSS ERER T "l
[ . ]
T Detection 1 MPX
N.C y clrcult '
! L]
NOISE MRC :
AMP, output '
L4 (F 41 '
Noise delector/ A2
sensitivity 1
selling pin 74 ;
cl :
1
1
I
1
[ U U U 1

Figure 56 Application Circuit Using Noise Canceller High Pass Filter

8-2. In Figure 55, the noise amplifier gain is determined by R2 and an internal 30 k< resistance as shown in Figure
57, The capacitor C1 can be used to provide some degree of filtering characteristics.

IF ]
S-meter _ e

30k

///26 yav4

R2

cl

Figure 57

8-3. In Figure 56, the noise amplifier gain is determined by R2 and an internal 30 k< resistance as shown in Figure -
58. The frequéncy characteristics are determined by CI.

30k0

F Smater (1
or NC high- —{
passfiter

R2

S-meter raference

71; vollage

Figure 58 '
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8-4 The S-meter DC voltage input is set by the vartable resistor connected at pin 32, Generally speaking, the curves
shown in Figure 59 are ideal for separation control when multipath occurs, if the pin 32 voltage is too high, the
separation conirol becomes difficult, as shown in Figure 60. Therefore it is desirable to adjust the pin 32 voltage
so that it is 2 'V or lower at saturation.

AC

SEP(dB)

AG ¢ %

30%/J’
S

Field strength

Figure 59

()
h: P
a. AC 30% AC 60%
G| ACH%
~— AQ 60% AG 100%
=— AL 100%
Fiald sttength

Figure 60

8-5. The MRC separation control time constants are determined by an internal | kQ resistance and C2 on discharge,
and by a fixed 7 pA current and C2 on charge.

Vee Voo

220

+
Il gp)

D

1k
Figure 61
MRC characteristics Fig 62
P Voo=8.0V
f=98MHz
so| T =5T 100% 1Kz
AM meod 10kH=z
[24]
=1
I 40
50%
o 30 g:%g
S
% » S/
g =/ a0
o
o )
77
050 26 30 0 50 60 70 B0 90

Input level - dB
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Noise Canceler

The following aspects have changed in the LA1888NM:

1. A circuit that resets the gate time has been added.

2. The noise canceler low-pass [ilter fc frequéncy has been
lowered.

* Added gate time reset circuit
The gate width in the LA1888M is fixed at 40 us. Since most
automotive ignilion noise is under 40 ps, as shown in figure 1,
this circuit removes this noise without problem. However, since
noise cancelers are tested under conditions that are more severe
than those during normal operaiion, pulses are larger. As a
result, with a 40-us gate width noise can occur in the period
prior to the rise of the next gate (as shown in figure 2). Also ” L_
note that motor noise has wider pulse widths and thus is subject
to the same phenomenon.

40ps ¢

ADB154

40 ps

A0G155

In the LA1888NM, the gate time is set at 20 ps. If the next

_

noise pulse enters the circuit before that 20 ys has elapsed, the g
monostable eircuit time constant is reset and the noise is gated
until 20 ps has elapsed after the last noise input. This function
also applies to motor noise.
. AD6156

Another point is that during overmodulation of a 10-kHz
signal, a whisker appears at the point of maximum amplitude in
the signal due to the bandwidth of the ceramic filter. This noise
canceler functions for this noise as well.

Since the LA 1888NM gate period ends 20 us after the end of
the noise pulse, the muted section of the signal is held to a
minimum and there is no influence on the waveform. (Since the
half-period of a 10-kHz waveform is 50 ps, the waveform is
not deformed. )

« Reduction in the low-pass filter fc frequency
An adequate delay time cannot be provided if the fe frequency
is too high, and switching delay may occur, thus reducing the
effect of the noise canceler. In the LAT888NM, the low-pass
filter fc frequency has been reduced allowing an adequate
amount of delay to be provided. This increases the rejection of
monaural pulse noise.

Interpolated saction

ADS157
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9. Coil Specifications

+« FM ANTI
9.6 {refaranca value) #3.6:£0.1 SA-145 (SUMIDA}
2 1-2 234T
Eo
. B 2-3 2844 T
]
5E ’ 0.55 UEW
43
x| 2 ,3_ - Solderad 20 {rboroneo vaka}
max2.0
s FM ANT2
26 (rarlizrenca value) $3.640.1 SA-145 (SUMIDA)
3 1-2 2847
N %2 2-3 234 T
25
SE 0.55 UEW
:t |
o
1 2 '3 " Salderad
max2.0
+ EM RF]
2.8 (referonce valus) SA-137 (SUMIDA}
- 4YaT
g0 0.50 UEW
2y
5k
i
—
B Soldered
- FM RE2 .
3.3 {relarenca Yalue) $3.630.1 S5A-136 {SUMIDA)
'g Ny 1-2 234 T
. '9,':'; 2-3 2344 T
5k : ~ } 0.50 UEW
b
<3
x o 3 B Soidered | 20{mlkrnce vae}
max1.5
. FM O8C $3.5X0.1
2 = 0708-1281 {SUMIDA}
:g.o.: 4 e T
—MEE 8 0.60 UEW
I Soldarad
+ FM MIX
2136-023 (SUMIDA)
3-1 2T
6-2 82T
2-4 61T
Qo=145

Cin = 100 p: pins 4-8, pins 6-7

Continued on next page.
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Continued from preceding page.

- FM QOD DET

* AM RF1

« AMRF2

* AMOSC

+ AM IF! (MIX)

+ AM IF2

s @
®
(4)

5 -y

S (6)|s
@

s ®

SA-208 {(SUMIDA)

4-3 18 1/2 T 0.08 MUEW
3-1 70 1/2 T 0.06 UEW
Qp=45
SA-177 (SUMIDA)
2-3 8T
6-4 6T
341 68T
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SA-178 (SUMIDA)}
2-4 M 1T
1-3 31T
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Qp=50
2135-JPS-001 (SUMIDA)
3-2 17T
241 3T
0.07 UEW
Qp =40
SA-194 (SUMIDA)
i-2 28T
6-4 18T
2-3 143 T
0.05 UEW
Qo =50
4161-235 (SUMIDA)
1-2 92T
2-3 92T
0.05 UEW
Qp=35
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» SENS, image REJ — f " FM I/O characteristics
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OQutside immunity (mono)
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Sub demodulated curput level — %

AGC -~ .V MRC output—V

Detector output - dB

SNC characteristics
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AM two-signal Interference characterostocs
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Temperature Characteristics
1. FM Antenna Input
= FM antenna input
LA1888NM
ANT board
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Band muting — kiz

iF buffer output - mVms

- Qscillator puffer output — mVrms

SD sensitivity —dBU

FM antenna input tempe’ratdre characteristics (3)
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+ FM mixer input

Output — mVrms

THD - % S/N,AMR - dB

Noise level - dB

A tixed capacilor with a value of 18 pF s
used In place of the variable capacitor.
—
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. I
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= FM IF inpui

LA188BNM
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0.022uF
FM SG
10.7MHz

Frequency displacement

Limiting sensitivity, practical sensitivity - dBu

(when AFV is 0 V) — kH2

Veo=8.0V
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2. AM Antenna Input
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3. Levels are reduced somewhat in items measured with an RF vacuum tube vollage meter since there is cable loss in
the coaxial cable between the lest board and the RF vacuum ube voltage meter,

. No coaxial cable _
FM IF buffer 370 mV ———» 200 mV
AM IF buffer 395 mV ————= 212 mV
FM oscillator butfer 430 mV -3 143 mV
AM oscillator buffer 270 mV ————» 230 mV

4. The tigure below shows the test conditions for mixer input and FE output level measurements.
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SD sensitivity — dBj
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M Specifications of any and all SANYO products described or contained herein stipulate the performance,
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer’s
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device,
the customer should always evaluate and test devices mounted in the customer’s products or equipment.

W SANYO Electric Co., iLtd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot oceur. Such measures include but are not limited to protective
circuits and error prevention circuits for sale design, redundant design, and structural design.

| [n the event that any or all SANYQ products {including technical data, services) described or contained
herein are controlled under any of applicabte local export control laws and regulations, such products must
not be exported without obtaining the export license from the authorities concerned in accordance with the
above law.

W No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co., Ltd,

W Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the "Delivary Specification”
for the SANYO product that you intend to use.

W |nformation (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reiiable, but
no guarantees are made o implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of October, 1998. Specifications and information herein are subject
to change without notice.

S No. 4823-65/65



