Ordering number: EN3000A |

CMOS LS
LC7230-8221

Single-chip PLL and Microcontroller
with LCD Driver

OVERVIEW PINOUT

The LC7230-8221 is a single-chip microcontroller that eN oo
incorporates a phased-locked loop (PLL) and a liquid gp8z83zs
crystal display driver, making it ideal for automatic 80

station selection in digital tuners. ” H H H H H HH
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The LC7230-8221 operates from a 5 V supply and is 79—y ) 520
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available in 80-pin QIPs. U 1 523

LI

*  Operates over the LW (SW), MW, FM1, FM2 and
FM3 bands

» Preset-channel memory for six stations per PACKAGE DIMENSIONS
frequency band .

» Last-channel memory for each frequency band Unit: mm

* Separate station seek function for European 3044B-QIPS80A
frequency bands

*  Automatic station scanning with 5 s station pause

»  Preset-channel scanning function

= 4.5 MHz reference frequency for tracking
adjustment

* Automatic retuning function

* Automatic station memory

*  Voltage-monitoring reset circuit

*  12-hour or 24-hour time display

» Frequency select for manual tuning 4 =

*  Time-setting key select inputs =

« 5V supply

*  BO-pin QIP
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LC7230-8221

PIN DESCRIPTION

Number Name Descriptian
1 XIN 4.5 MHz crystal oscillator connection
2 TEST1 Test pin. Normally connected to ground
3 DKIN Active-LOW, DK signal input and dual-function key select input. See equivalent circuit A.
4 ) Active-LOW, stop detector input. See equivalent circuil A.
5 STEREQ Active-LOW, stereo indicator input. See equivalent circuit A.
6 DIR Directioq indicatqr ir]putA Right indicator lights when HIGH, and left indicator, when LOW.
See equivalent circuit A.
7 SKO Active-HIGH, SK signal oulput. See equivalent circuit C.
8 APS Active-HIGH, aulomatic—_playback' seqrch indicator output when auto-retune function has not
been selected. See equivalent circuit C.
9 BMVEC Active-LOW, AM tuner power supply switch control output. See equivalent circuit C.
10 FMWVCC Active-LOW, M tuner power supply switch control output. See equivalent circuit C.
H MO/ST Active-HIGH, monaural/stereo indicator output. See equivalent circuit B.
12 DNR Active-HIGH, Dolby noise reduction control output. See equivalent circuit B,
13 TAPE Active-HIGH, tape select input. See equivalent circuit A.
14 RADIO Active-HIGH, radio select input. See equivalent circuit A.
15 ' M/L(S) Active-HIGH, MW/LW(SW) bandswitching output. See equivalent circuit B.
16 IFCNT Active-HIGH, IF signal control output. See equivalent circuit B.
17 AMUTE Active-HIGH, audio muting control output. See equivalent circuit B.
18 L.OC Active-HIGH, local/distant slation switching control output. See equivalent circuit B.
19 LOUD Active-HIGH, toudness control oulput. See equivalent circuit B.
20 METAL Active-HIGH, metal tape select output. See equivalent circuit B.
21 to 30 TO to T9 Active-HIGH, keypad scan outputs. See equivalent circuit B.
31, 73 VDD 5 V supply
32 to 35 KIO to KI3 ?lcrgxﬁlllGH, keypad scan inputs with 100 kQ (typ) pull-down resistors. See equivalent
36 to 63 $1 to §28 LCD-panel segment driver outputs. See equivalent circuit B.
64 comz ) o
& o LCD-panel common driver outputs. See equivalent circuit D.
66 INT External interrupt input. Normally connected to Vpp
67 HOLD Active-LOW, hold/standby mode select input. See equivalent circuit A.
&8 RES Qutput port reset input. Normally connected to Vpp
69 ADI S-meter input. Normally connected to Vpp. See equivalent circuit B.
70 HCTR‘ FM IF signal input. See equivalent circuit A.
71 LCTR AM IF signal input. See equivalent circuit A.
72 SNS Active-LOW, power-fail monitor input. See equivalent circuit A.
74 FMIN FM VGO signal input. See equivalent circuit A.
75 AMIN AM VCO signal input. See equivalent circuit B.
76 Vss Ground
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LC7230-8221

Number Name Description
77 EOT
Phase comparator outputs. See equivalent circuit E.
78 E02
79 TEST2 Test input. Normally connecled to ground
80 XouT 4.5 MHz crystal oscillator connection
Equivalent Clrcuits
Voo 2 Voo N ® Voo E. Voo
— —
— — pome
Vsg Vss Vss Vss Vas
SPECIFICATIONS
Absolute Maximum Ratings
Parameter Symbal Rating Unit
Supply voltage range Voo 03 t0 65 v
E{,JBADII SNS, SD, STEREQ and DIR input voltage Vint 03 10 65 Y
HOLD input voltage range Ving -03 to 13 )
Input voltage range for all other pins Vina -0.3 to Voo + 0.3 v
SKO, APS, AMVCC and FMVCC output voltage range Vour1 -03 to 15 v
Qutput voltage range for all other pins Vourz 0.3 to Vpo + 0.3 v
Output current range. See note 1. louT1 Ot5 mA
Output current range. See note 2. lour2 0to3 mA
T0 to T7 output current range louTs Oto1 mA
Power dissipation Pp 400 mwW
Operating temperature range Topr —40 to 85 °C
Storage temperature range Teg -45 to 125 ¢
Notes
1. Pins SKO, APS, AMVCC, FMVCC, LOUD, METAL, T8 AND T9
2. Pins MO/ST, DNR, TAPE, RADIO, M/L(S), IFCNT, AMUTE, LOC and $25 to S28
Recommended Operating Conditions
T, =25 °C
Parameter Symbol Rating Untt
Supply voltage Voo 5 v
Supply voltage range for CPU and PLL operation Voo 4510 55 v
Supply voltage range for CPU operation Vopz 3510 55 v
Supply voltage range for data retention Vopa 13 to 55 v
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LC7230-8221

Electrical Characteristics
Vop = 351055V, T, = —40 10 85 "C unless otherwise noted

Rating )
Parameter Symbol Condition Unit
min typ max
Voo = 45 t0 55 V, _
fn(FMIN) = 130 MHz 15 2 mA
PLL halted - 2 3
Supply current o0 Voo = 5.5 V. oscillator 5
halted, T, = 25 <C - -
pA
Viop = 25 V, oscillator _ _ 1
halted, T, = 25 °C
DKIN, SD and STEREG LOW-level _ v
input voltage Vi 0 03Vo0
HOLD LOW-level input vollage Vie 0 - 0.2Vmp v
SNS LOW-level input voltage Viia 0 - 15 v
KIO to KI3 LOW-leval input voltage ViLg 0 - 0.2Von Vv
LOW-level input voltage. - Y
Ses note 1. Vis 0 0.3Voo
DKIN, SD and STEREQ HIGH-level - v
input voltage Vi 0.7Voo 55
INT HIGH-level input voltage Vine 0.8Vop - 55 v
SNS HIGH-level input voltage Vi 13 - 55 v
KIO to KI2 HIGH-level input voltage Ving 0.6Vpp - Voo v
HIGH-level input voltage, _ y
See note 1. Vins 0.7¥0p Voo
HOLD HIGH-level input voltage Vine 0.8vVpp - 80 v
XIN rms input amplitude Vin 050 - 15 )
FMIN rms input amplitude Vinz 0.10 - 15 )
AMIN rms input amplitude Ving 01 - 15 v
LCTR and HCTR rms input _ v
amplitude Vine 0.10 13
ADI input voltage Vins 0 - Voo v
INT, HOLD, RES, ADI and SNS _ _ -
LOW-level input current b Vi = Ves 30 KA
XIN LOW-level input current hie Vi = Vs 20 5.0 15.0 HA
FMIN, AMIN, HCTR and LCTR -
LOW-level input current hia Vi = Vss 40 100 00 kA
INT, HOLD, ADI, SNS, DKIN, SD
and STEREQ HIGH-level input It Viy =55V - - 30 pA
current
H-level i :
gﬁ - oe[:e1 -mput current e Viv = Voo _ _ 30 pA
XIN HIGH-level input current Ln3 Viy = Vpp = 50V 20 5.0 15 MA
FMIN, AMIN, HCTR and LCTR _ _
HiGH-level input current lia Vin = Vop = 50V 40 100 %00 kA
KIO to KI3 HIGH-level input current lins Viy=Vop =50V - 50.0 - pA
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Rating
Parameter Symbal Condition Unit
min typ max

XIN input frequency fing 40 45 50 MHz
FMIN input frequency finz Voo = 45 t0 55 V 10 - 130 MHz
AMIN(L) input frequency tina Vop=451 55V 05 - 10 MHz
AMIN(H) input frequency fina Vop = 45 tg 55 V 20 - 40 MHz
HGTR input frequency fins Vop =45t 55V 04 - 12 MHz
LCTR input frequency ting Voo = 4510 55V 100 - 500 kHz
T0 to T7 LOW-level output voltage VoLt lo = 50 pA 05 10 20 v
LOW-level output voltage. _ _ _ 10 v
See note 2. Voiz lo =1 mA
EC1 and EO2 LOW-level output _ - - i.0 v
voltage VoLa lo = 500 wA
XOUT LOW-level output voltage Vous lo = 200 pA - - 1.0 v
$1 to $28 LOW-level inpul veltage Vos lo = -0.1 mA - - 1.0 v
LOUD, METAL, T8 and T9 _ - - 1.0 v
LOW-level output voltage Vois lo =5 mA
SKO, APS, AMVGC and FMIVCC lo = 5 mA, - 20 v
LOW-lavel outpul voltage Vour RL = 150 to 400 © 075
COM1 and GOM2 LOW-level output Vois Ip = 20 mA 0.35 05 07 v
voltage
COM1 and COM2 middle-level . . 25 30 v
output voltage Vi Voo =5V lg=20 mA 20
TO to T7 HIGH-level output voltage Vou1 lp=1mA Voo~ 20 | Voo — 18 | Voo — 05 v
HIGH-level cutput voltages. _ _ _ - v
See note 2. Vorz lo=1mA Voo - 10
EO1 and EO2 HIGH-level output _ _ - - y
voltage Vous lg = 500 pA Vop - 1.0
XOUT HIGH-level output voltage Vona lo = 200 pA Voo - 1.0 - - v
51 to §28 HIGH-level output _ - 10 _ - v
voltage Vous lop = 0.1 mA Voo |
LOUD, METAL, T8 and T9 _ _ 10 - - v
HIGH-level output voltage Vous lo =5 mA Voo - 1.
COM1 and COM2 HIGH-leve! } 07 ~05 | Vgp — 0.35 v
output voltage Vour lo = 20 pA Voo - 07 | Voo (o
LCTR (period), HOLD and iNT - - v
hysteresis width W 0.1¥op
SNS reject pulsewidth tags - - 50 us
Low-voltage detector threshold Vier 27 30 33 v
KiO to KI3 fioating-input voltage Vi With pull-down resistors - - 0.05Vpp v
KIO to KI3 pull-down resistor Rep 75 100 200 kY
A/D converter quantization error E Vop = 45 t0 55V -'h - e ish
El?r1re:|l1d EO2 LOW-level leakage lofLs Vo = Vss _ 0.01 10 nA
LOW-level leakage current. i - - 3.0
See note 3, lorriz Vo = Vss hA
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Rating .
Parameter Symbol Condition Unit
min typ max
Eﬂle:?d EQ2 HIGH-level leakage lofHs Vo = Voo _ 0.01 10 nA
g;(e;Hr;I:t\;elalleakage current, loFia Vo = Voo - - 40
SKO, APS, AMVCC and FMVCC _ . _ 50
HIGH-level leakage current lofna Vo =13V '

Notes

. Pins MO/ST, DNR, TAPE, RADIO, M/L(S), [FCNT, AMUTE and LOC
2. Pins MO/ST, DNR, TAPE, RADIO, M/L(S), IFCNT, AMUTE, LOC and $25 to S28
3. Pins MO/ST, DNR, TAPE, RADIO, M/L(S), IFCNT, AMUTE, LOC, LOUD, METAL, TO to T9 and $25 to $28

LCD DISPLAY

The LCD display layout is shown in figure 1, and the
segments displayed for each digit, in figure 2.

eu <> ome WET ;JI: LOG DNA LOUD AAT
FM _— - — -
W ] el T 1]
5w ’_’ I_’ol_l.’_’ :_':' kHz ’_’

|
oo

'
)
-y
L}
-_
1

Figure 2. LCD digits

The FM2 and FM3 indicators are displayed when the
number of stations which can be received is increased
using the diode matrix.

The LW and SW indicators are displayed only when the
corresponding European frequency band is selected.

The SK indicator is displayed when SKI is LOW. The
ST indicator is displayed when STEREO is LOW.

The right arrow direction indicator is displayed when
DIR is HIGH, and the left arrow direction indicator,
when DIR is LOW.

The ART indicator functions as the APS key indicator
when the auto-retune function has not been selected.

For European frequency bands, frequency steps of either
0 or 25 kHz are displayed as 00 kHz, and frequency
steps of either 50 or 75 kHz, as 50 kHz.

The segments in the LCD panel are shown in figure 3,
and the commons in the LCD panel, in figure 4.

_Q_I> ME  SK MET ST
§

L%
:

]

9 10 N

Z 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 528

Figure 3. Segments
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L | | L ‘ l
—-Q l>— ME sk MET ST LOC  — DNR LOUD  — ART
w1 Bl
— FM2
AM
FM3 °
— M e KHz
lgm) * ‘ ML:
|
COM 1 comz
Figure 4. Commons
The LCD drive waveforms are shown in figure 5.
f = 100 Hz — Voo
IWL"I_I_,_LI_I_H_I_ —o08Veo
COM1 -~ —ov
— Voo
couz M“uﬂ —asvas
—0V
— Voo
(connec to GONT R | I R —ov
—Vop
(connect 1o GNP, 1 11T 1 e
— Voo
S DR T N A A S oy
5110828
{connect 10 both COM1
and COM2) — Voo
I R e T L
Figure 5, LCD drive waveforms
FUNCTIONAL DESCRIPTION
Band Frequencles
Table 1. Band frequencies
Region Band Reception frequency Channel spacing c;:'qﬂ;’#ﬂ:“ IF
M A 76.0 to 90.0 MHz 100 kHz 50 kHz -10.7 MHz
Japan
MW A 522 to 1629 kHz 9 khz 9 kHz 450 kHz
FM B 875 to 108.0 MHz 100 kHz 50 kHz 10.7 MHz
FM C 87.5 to 108.1 MHz 200 kHz 50 kHz 107 MHz
U.SA
MW B 530 to 1620 kHz 10 kHz 10 kHz 450 kHz
MW C 531 to 1620 kHz 9 kHz 9 kHz 450 kHz
FM D 87.5 to 108.0 MHz 25 kHz 125 kHz 10.7 MHz
Europe
FME 875 to 1080 MHz 50 kHz 125 kHz 10.7 MHz
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Table 1. Band frequencies—continued

: . Comparison
Region Band Reception frequancy Channel spacing rsquancy IF
MW D 531 to 1620 kHz 9 kHz 9 kHz 450 kHz
MW E 522 to 1620 kHz 9 kHz 9 kHz 450 kHz
Europe LW A 153 to 281 kHz 1 kHz 1 kHz 450 kHz
we 146 to 290 kHz 1 kHz 1 kHz- 450 kHz
SwW 5940 to 6210 kHz 5 kHz 5 kHz 450 kHz
Keypad Matrix
The keypad input port matrix is shown in figure 6. The
symbols in this figure are defined in figure 7.
o . A, LOUD ANM AN\ M2 A M3
N L/ 1/ N
. . A, MOIST 1N\ M METAL) 4 M5(DNR) A M6 (APS)
1/ L \J/ 1/
- AN % 1 DOWN ANYP T, SCAN
I 1/ v 1
- .- Py BAND /T SEEK DOWN ~ SEEX UP
L/ I/ \}/
T4 ™ ART f'\ HA P MA T 0ADY
1/ N AN vy
s - A Loe A, MEM A CUFRO AN\ PS
N 3/ NP N
T ¥
o ME . AN AVEM A Gon
L .| kJ 2
Yy
7 AL AC AL A A
JARY FARY FAIRN FARY
o A FM2  FM3 AP COLON
JARY FARY il I FARY
- A ART  CLocK AM \ IFCNT
A RN FARY FARY FARY
' Y 1 '
KI3 K12 K1 KIO

Figure 6, Keypad matrix

Note
KIO to KI3 have internal pull-down resistors.
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—_—T Momantary swiich

i—- Diode

‘?-— Translstor

Momentary swich

™ | anddiode
\¥H—

IR

4+

Figure 7. Symbo! definitions

Diode Matrix

Tl}q (_Iiode matrix is read when the LC7230-8221 is The frequency band is selected by the A, B, C and D
initialized and RADIO is selected. diode connections as shown in table 2,

Table 2. Regional frequency band selection

D c 8 A Region Band cha(r:‘lll:zr!sig:;:lhﬂ

MG 200
0 0 0 0

MW B 10

FM B 100
0 0 0 1

MW B 10

USA

FM C 200

MW C 9

FM B 100
1 0 1 0

MW C 9

FM E 50

Mw D 9

M D 25
0 ! 0 0 MW D 9

LW 1

FM D 25
1 0 0 0

Europe MW D g

FM D 25
0 0 1 1 MW D 0

swW 5

FM E a0
0 1 ‘ 0 MW D g

LW A 1
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Table 2. Regional frequency band selecticn—continued

, Channel spacing
D C B A Region Band (kHz/step)
M E 50
1 0 0 1 Europe MW E 9
Lw B 1
‘ M G 200
0 1 0 1
MW C 9
Japan
FM B 100
1 0 1 0
MW C 9
Note
1 = diode connected
0 = no diode connected
The number of FM frequency bands that can be received
is selected by the FM2 and FM3 diode connections as
shown in table 3.
Table 3. FM frequency bands selection
Fm2 FM3 Bands Stations
0 0 FMA1 6
1 0 FM1, FM2 12
] 1 FM1, FM2, FM3 18
1 1 illegal -

Note
1 = diode connected
0 = no diode connected

The preset memory selection method is selected by the
M diode connection as shown in table 4.

Table 4. Preset memory selection

The colon display is selected by the COLON diode
connected as shown in table 6.

Table 6. Colon display selection

M Selection method COLON Colon display

0 Six-key 0 ON

1 Single-key 1 Flashing at 1 Hz
Note Note

1 = diode connected
0 = no diode connected

The display priority is selected by the P diode
connection as shown in rable 5.

Table 5. Display priority selection

1 = diode connected
0 = no diode connected

The IF output control is selected by the IFCNT diode
connection as shown in table 7.

Table 7. IF cutput control selection

P Display ptiotity IFCNT IF output contro!

0 Frequency 0 No

1 Time 1 Yes
Note Note

1 = diode connected
0 = no diode connected

1 = diode connected
0 = no diode connected
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The clock function is selected by the CLOCK diode
connection as shown in table 8.

Table 8. Clock selaction

gLock Clock salection
0 Yes
1 No
Note

1 = diode connected
0 = no diode connected

The auto-retune function is selected by the ART diode
connection as shown in table 9, Note that if ART is not
selected, the M6 key also functions as the APS key,

Table 9. Auto-retune selection

ART Auto-retune selection
0 No
1 Yes
Note

1 = diode connected
0 = no diode connected

The clock display when the car ignition is turned OFF
(accessories OFF) is selected by the ACC OFF CL ON
diode connection as shown in table 10.

Table 10. ACC OFF CL ON sslection

hce S'I;F cL Clock display selection
0 No
1 Yes
Note

1 = diode connected
0 = no diode connected

Key Functlons

Dual-function keys

The M4/METAL, M5/DNR and M6/APS keys have
dual functions when a European frequency band is
selected.

When DKIN goes LOW while RADIO is active, they
function as the M4, M5 and M6 keys, and when DKIN
goes HIGH while TAPE is active, as the METAL, DNR
and APS keys, respectively.

M1 to M6 keys

The M1 to M6 keys are used to write data to and read
data from the preset-channel memory using the six-key
method as shown in figure 8.

Ms M1
Keys M1 to M6 Il | I| l
Preset channel number X x 1

MEM key

Figure 8. M1 to M6 six-key method

The MEM key is used to write data to and read data
from the preset-channel memory using the single-key
method as shown in figure 9.

ME key

MEM key

Praset channel number

[1

I—li_IJ_IJ_I

X '+ X

X 3

X e X8 X 8 X 1

Figure 9. MEM single-key method

Frequency display mode

In frequency display mode, the ME key writes the
current frequency into the preset-channel memory. The

frequency can be written using either the six-key or
single-key method.
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In the six-key method, the ME indicator flashes when
the ME key is pressed, indicating that the frequency can
be wrilten to a memory. If one of the M1 to M6 keys is

pressed within the next five seconds, the frequency is
written to the corresponding channel memory, as shown
in figure 10, and the number of the channel is displayed.

ME key ] [
Write snable [l
Keys M110 M6 ) "
Presst channei number > 3

Figure 10. Writing to memory using the six-key method

In the single-key method, the current preset-channel
number flashes at 2 Hz when the ME key is pressed,
indicating that the frequency can be written to that
channel during the next five seconds. If the MEM key is
pressed for less than 1.5 s, the next channel number is

displayed, and the five-second timer, restarted. If the
MEM key is pressed for longer than 1.5 s, the current
frequency is written to the displayed channel as shown
in figure 11.

ME key l_l 1
‘ ‘ 4 e erss
MEM key | | I_\;_J_i :—I
P — L ’

Prese! channel number . X 1 X .

1 X 2z X 3 Wiiting completad

* The current frequency |s written to the preset channel
after MEM is HIGH for 1.5 5 or grealet.

Figure 11. Writing to memory using the single-key method

Time display mode

In ime display mode, the ME key is used to adjust the
current time. The time can be adjusted by pressing either
the HA, MA or 0ADJ keys while continuously pressing
ME. In the six-key method, the M1 and M2 keys can be
used instead of the HA and MA keys, respectively.

SCAN key

The SCAN key is used 10 initiate a station scan. During
a scan, the controller panses on each station for a period
of 5 s before scanning for the next station. The control-
ler pauses for 500 ms when crossing bands. The scan
speed is 40 ms/step for FM and 60 ms/step for AM. If
SCAN is pressed again while scanning has paused on a
station, the scan halts on that station. Scanning is exited
if SCAN is pressed twice. If SEEK UP or SEEK
DOWN is pressed while scanning, seek mode is
selected.

UP and DOWN keys

The UP and DOWN keys are used to tune a receiver
manually, The current frequency changes up or down by
one step each time the UP or DOWN key is pressed,
respectively. If UP or DOWN is pressed for longer than
500 ms, the frequency changes by approximately 70
ms/step. Note that the controller pauses for approxi-
mately 500 ms when crossing bands. See figure 18.

BAND key

The BAND key is used to select the frequency band.
The band is selected in the order shown in figure 12,
Note that the FM2 and FM3 bands can only be selected
if there is a corresponding dicde connection in the diode
matrix.

No. 3000—12/25



LC7230-8221

Lw

FM1 —=———e  (FM2) — (FM3} MW or
i ]

Figure 12. Frequency band selection

HA and M1 keys

The HA and M1 keys are nsed to increment the current
time by one hour. The time is incremented when both
the ME key and either the HA or M1 key are pressed
simultaneously, If the keys are pressed for longer than
500 ms, the time is incremented by 4 hours/s. The
minute and second digits remain unaffected.

MA and M2 keys

The MA and M2 keys are used to increment the current
time by one minute. The time is incremented and the
second digit is reset to zero when both the ME key and
either the MA or M1 key are pressed simultaneously. If
the keys are pressed for longer than 500 ms, the time is
incremented by 8 min/s. The hour digits remain
unaffected.

0ADJ key

The CADJ key is used to reset the current-time minute
and second digits to zero. The digits are reset when both
the ME key and the 0ADJ key are pressed simultaneous-
ly. If the minute digits are 30 or lower, the hour digits
remain unaffected. If the minute digits are 31 or greater,
the hour digits are incremented by one.

SEEK UP and SEEK DOWN keys

The SEEK UP and SEEK DOWN keys are used to
initiate station seek in the upward and downward direc-
tions, respectively. The controller pauses for 500 ms
when crossing bands. The scan speed is 40 ms/step for
FM and 60 ms/step for AM. The station seek is halted
when a station is detected. If the key for the opposite
direction is pressed during seek, the seek changes to that
direction. If a seek key is pressed twice in succession,
seek mode is deselected.

If the SCAN key is pressed during seek, scan mode is
selected. Scanning is in the upward direction regardless
of the direction during seek.

PS key

The PS (preset scan) key is used to scan all the preset
channels in order of increasing channel number. The FM
bands are scanned in the order shown in figure 13.If a
channel number is not currently being displayed, the
scan starts from channel 1. The scan pauses for 5 s on
each preset station for which a signal is being received.
During preset scan, the channel numbers flash at 2 Hz.
Preset scan is deselected by pressing the PS key twice.

|_. FM1 (FM2) (FM3} —|

Figure 13. Preset scan of FM bands

ART key

The ART (auto-retune) key is used to initiate continuous
monitoring of the received signal strength and to retune
the receiver when the signal strength is too low. The
stop detector input on SD is LOW when the FM IF level
is 50 dBu or lower or when the AM IF level is 30 dBp
or lower.

The receiver is retuned to preset-channel 1 every 22 s, as
shown in figure 14, if SD has been LOW continuously
for eleven of those 22 seconds. If SD is still LOW,
retuning is halted, and if SD is HIGH, the receiver is
retuned to preset-channel 2. If S$D is still HIGH, seek
mode in the upward direction is selected.
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LOUD, MO/ST, DNR, METAL, APS and SK keys

The LOUD, MO/ST, DNR, METAL, APS and SK keys
are used to select various control inputs, as shown in

Table 12. Control functions—continued

: : . Indicator
table 12, Wth-h arc output on the pins having the same Key - Output level
name, respectively. Name Display
Table 12. Control functions OFF Low
APS APS
Indicator ON HIGH
Key Output level
Name Display OFF LOW
SK SK
QFF LOW ON HIGH
Loup LouD
ON HIGH The SK key is used only for the European frequency
oN LOW bands. The SK indicator is displayed when the SK key
MO/ST ST = : ™= is pressed,
In SK mode, the SKO output goes HIGH and the band
DNR DNR OFF Low is searched for an SK broadcasting station. The search
ON HIGH function is shown in table 13. The search is halted when
oFF oW SKI goes LOW.
METAL METAL
ON HIGH
Table 13. SK search functions
: SEEK UP or SEEK : ;
SK station . SEEK UP or SEEK SK is pressad during
SK mode oul SK is pressed . DOWN is pressed
(SKI is LOW.) DOWN is pressed during sock seek
OFF OFF Fnri‘tliiirtsessgkms(;g'taioﬁnd Initiates normal station | Stops at the current 5:;?; egKf OTT: Sa;d
search search frequency station
- . Enters SK mode and
OFF ON Enters SK mode Lr:;'féﬁs normai station rsrteoaasenaé the current searches for an SK
quency station
. . Stays in SK mode and | Exits SK mode and
ON OFF Exits SK mode L"e';'raéﬁs 8K station stops at the current searches for 2 normal
frequency station
ON oN :an;:ieartsesngmst;ggoznd Initiates normal station | Stops at the current E:;?EREK{OTZ? SaEd
search search frequency station
8D and ADI

The input conditions for station detection during station
search, and field strength detection, during auto-retune
and auto-memory, are shown in table 14,

Table 14. Input conditions

Mode FM AM
Station search S0 is LOW. |SD is LOW.
Auto-retune S0 is LOW. | 5D is LOW.
. ADl and 8D | g .
Auto-memory are LOW. SD is LOW.

Transistor Matrlx Switch

When the transistor matrix input switches SKI to LOW,
the SK indicator is displayed. The input at SK is valid

only for FM bands in the European frequency specifica-
tion. Note that this input should not be left floating,

The initial state for each operating mode is shown in
table 15.

Table 15. initial states

Mode Initial state

Radie FM1i band, MONO, LOC = DX, SK is OFF.
Tape DNR, METAL and APS are OFF.

Others LOUD is OFF.

The frequencies shown in table 16 are loaded into the
preset memory at initialization.
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Astune conditions

active ?

Is signal present

on preset channel ?

Receive signal

3

Start seek up

:

o)

Figure 14. Auto-retune flow

The time constants of the lowpass filter and SD input
circuit should be such that the PLL locks and the SD
input is valid within 200 ms following a preset-channel
change.

AMEM key

The AMEM (auto-memory) key is used to store stations
in the preset-channel memory. The channel number 8
flashes when the AMEM key is pressed.

In FM mode, stations within each of the FMI1, FM2 or
FM3 bands are stored in order of descending signal
strength starting from channe] 1. Stations can be stored

Table 11. LOGC key functions

in order of ascending frequency by connecting ADI to
VDD.

In AM mode, stations are always stored in order of
ascending frequency.

Preset channels that do not have a station frequency are
set to activate channel 1.

LOC key

The LOC key is used to switch the SCAN, SEEK,
AMEM and LOC port so that distant stations are not
tuned when in seck mode. The display status is shown in
table 11.

Mode Key Display status Normal port status Port status during searth
ON LOowW HIGH
Radio LOC
OFF LOW LOW
CL/FRQ key

The CL/FRQ is used to change the display mode. When
the display is in time priority mode, the display mode

changes as shown in figure 15, and when in frequency
priority mode, as shown in figure 16.

5 5 after
Time display CLIFRG ON [ Fraguency display CUFRQ is OFF Time display
l:_l 1 4 J !
Radio keys ON © [ ] 1 55 afler station selection
] Frequency display I_

* M1 to M6, MEM, SEEK UP, SEEK DOWN, SCAN, UP, DOWN, ART, AMEM, PS, MO/ST, LOC and SK keys.

Figure 15. Time priority mode

CL/FRQ ON

J Tmedeomy |

I Frequency display i

Time display '7

Figure 16. Frequency priority mode
If any of the radio function keys are pressed when the

time is displayed, the frequency is displayed.

5 g after
CL/FRQ is OFF
»  Freguency display
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Table 16. Initialization frequencies

Ragion Band M M2 M3 M4 M5 M6
FM A (MHz) 760 78.6 83.0 86.6 90.0 76.0
Japan
MW A (kH2) 522 612 990 1404 1620 522
FM B (MH2) 875
P C (A 875 00.1 98.1 106.1 1079
USA. MW B (kH2) 530 - 610 1000 1400 1620 530
MW C (kHz) 531 612 999 1404 1620 531
FM D (MHz) 108.0 875
R & 875 90.0 98.0 106.0
MW D (kHz)
531 612 999 1404 1620 531
Europe MW E (kHz)
LW A (kHz) 281 153
W B b 153 160 200 260
SW (kH2) 5040 6000 6100 6200 6210 5040

The output signal levels for switching the frequency
band power supplies are shown in table 17.

Table 17. Qutput signal band switching

Band FMVCe AmMVCC MA(S)
M Low HIGH HIGH
AM HIGH Low HIGH
LW or SW HIGH Low Low

Timing

The timing for seek and scan, manual tuning and
auto-retune are shown in figures 17, 18 and 19,

respectively,
Channel X X X
< 20 ms for FM
< 40 mg for AM
o AN
IF count intarval
IF CNT
—
FM=40ms FM= 30 ms =64 ms
AM = 80 ms AM= 50 me .
50 check 5Kl chack for IF
Figure 17. Seek and scan timing
Note

Channel spacing is 100 kHz/step. When SD is active, IF count tuning is used during preset memory search and seek
up, The IF count range is as shown in table 18.

Table 18. IF count range

Band Range

M 10.7 MHz +10 kHz
MW, sw 450 +3 kHz

Lw 450 kHz 600 Hz
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UP (DOWN] key [ -

= 500 ma
Channel X XX X X4X $t X X
' L o I I
[ =500ms  |=70ms HIGH (LOW) LOW (HIGH)
AMUTE | -
Figure 18. Manual tning timing
Note
Channel spacing is 100 kHz/step,
Search preset channels
c;:!ti‘tj'rg:s FM1 | FM2 I FM3 Seek | Recalve
actlve | | |
oMtz MT X X M6 X M1 X X M8 O M1 X 75 X 676 % 7.7 W B7.8MHz
=300 ms max_lc'a_r;«M and FM -t T T
50 oheck M6 8D chetk

Figure 19. Auto-retune timing

Note
Channel spacing is 100 kHz/step.

The audio mauting timing is shown in figures 20 to 26.
The numbers in the figures correspond to the following,

1. 40 ms keybounce interval
2. 50 ms audio muting lead time

3. 20 to 80 ms inter-station pause and data transfer to
the PLL

4. Audio muting release time

| .
AvUTE ‘l@_l ® ‘ ® ® }___
= 500 ms

Figure 20. Bandswitching and preset reading

|
AMUTE ] @ ‘ @ @ I
= 100 ms

Figure 21. Manual frequency increment/decrement

AMUTE Ol @ 0] ® @ i L
‘ No station ! No station Station detected =500 ms

Figure 22. Seek and scan

| 13 1s I' 5s i 1s
AMUTE @ @ @ | @0
No station Wait doaton, Walt

Figure 23. Preset scan
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22 §——nd | 800 mg

tune decision | l
|®“"" @1 ® ®

f Retune conditions active

Figure 24. Auto-retune

Radio'taps ON/OFF 4l ON I OFF

$00 ms. ‘ 500 rms.

AMUTE @ @

Figure 25. Radio and tape ON/OFF

Power-up ____I

IL 500 ms

AMUTE ——I @

—

Figure 26. Initial powér-up
RADIO and TAPE

The RADIO and TAPE inputs for operation with and
without a clock are shown in tables 19 and 20,
respectively, ‘

Table 19. Operation with clock

Function RADIO TAPE Mode Display Key operation. See note 1.
Tape and radio 0 0 Hold Time. See note 4. A. See note 4.
Time ‘ N
Tape and radio 0 1 (adjustable), | Time and tape-reated | g
tape
: Radio, time | Time or radio-related
Tape and radio 1 0 (adjustable) | indicators AC
A, B, SK and
. ; Tape indicators normally | DKIN is HIGH. | C, excluding
E'Sr?(ﬁlft;;tr:jf;r)rnatlon 1. See note 3. | 1. See note 3. | Tape and radio | displayed, time or radio M3 to M6
indicators. See nole 2. |——
DKIN is LOW. |A, C and SK
Notes
1. A = HA, MA and OADJ keys (used for clock operation)

B = DNR, METAL, LOUD and APS keys (used for tape operation)
C = BAND, M1 to M6, MEM, UP, DOWN, SEEK UP, SEEK DOWN, SCAN, ART, PS, AMEM, MO/ST, LOC,
LOUD, CL/FRQ keys (used for radio operation)

2. Selected by P junction of the diode matrix. The frequency and LOUD are displayed when P = 0, and the time,
LOC, MO/ST and LOUD, when P = 1,

3. RADIO =1 and TAPE = 1 for European frequency bands only

4. Selected by the ACC OFF CL ON junction of the diode matrix. All keys are ignored when ACC OFF CL ON = 0.
HA, MA, 0ADJ and the time are displayed when ACC OFF CL ON = 1.
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Table 20. Operation without clock

Function RADIO TAPE Moade Display Key operation. See note 1.
Tape and radio 0 0 Standby None All keys are ignored.
Tape and radio 0 1 Tape E:f; function indicators B
: . Radio function
Tape and radio 1 0 Radio indicators only C
B, SK and C,
. . Tape and radio DKIN is HIGH. | excluding M3
Traffic information 1. See note 2. | 1. See note 2. | Tape and radio | indicators normally to Mb
(SK feature) displayed
DKIN is LOW. |C and 8K

Notes
1. A=
B =

HA, MA and OAD]J keys (used for clock operation)
DNR, METAL, LOUD and APS keys (used for tape operation)

C = BAND, M1 to M6, MEM, UP, DOWN, SEEK UP, SEEK DOWN, SCAN, ART, PS, AMEM, MO/ST, LOC,
LOUD, CL/FRQ keys (used for radio operation)
2. Selected by P junction of the diode matrix. The frequency and LOUD are displayed when P = 0, and the time,
LOC, MO/ST and LOUD, when P = 1.

[¥%)

RADIO = 1 and TAPE = 1 for European frequency bands only
Selected by the ACC OFF CL ON junction of the diode matrix. All keys are ignored when ACC OFF CL ON = (.
HA, MA, 0ADJ and the time are displayed when ACC OFF CL ON = 1.

The connection for tape and radio functions is shown in

figure 27, and for tape, radio and traffic information

functions, in figure 28.

et

Radio block

il

Tape block

LC7230

1
1
|
1
1
i
1
: e
1
Ao o)
(Clock ! (Clock not |40
operating) { opaating)

ACC

—

HOLD
({Clock
operating)

Power

RGO
{Clock net

operating) !

T
|
1
|
|
|
|
|
|
I
|
I
|
|
I

I
i

Radio block
Tapa IN
o Tape blotk
Tape
Radio LC7230

Figure 28. Connection for tape, radio and traffic
information functions

Figure 27. Connection for tape and radio functions
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Standby mode

This mode is set by driving HOLD LOW as shown in
figure 29,

Vop L ___I._)__ Voo | —
BNs Power-fail || SNS J(_ P"’=-~s._._4|—(—_
0 v ml NN
500 ms I I : : l
HOLD R
— 8y decislon interval Vi
ov l 11
i 11
Backup mode H
SNS FiF SNS F/F set
Cscillator Program
hatted reset
S5V —
Radlo
ov
5v l Power switch CFF
Tape
ov I
Power switch OFF {a) Power swilch off (o) Power switch ON

Figure 29, Standby mode

The LC7230-8221 exits standby mode at point a. The
memory retains its data when SNS remains above the
power-fail voltage. The LC7230-8221 also exits standby
mode at point . Memory data is initialized when SNS
drops below the power-fail voliage.

DESIGN NOTES

AM Tuner

The AM JF signal should be maintained at the level
shown in figure 30 when the IF count signal is output.

LY feomme

Figure 30. AM IF signal level

Hold mode

FMIN, AMIN, HCTR, LCTR and ADI are ignored, but
the clock continues to operate.

FM Tuner

The FM IF signa! should be maintained at the level
shown in figure 35 when the IF count signal is output.

Figure 31. FM IF signal level
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TYPICAL APPLICATIONS

Open

No. 3000—21/25

IFCNT

LA1137

Figure 32. Without clock
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Figure 33. With clock
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Figure 34. AM tuner
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IFCNT 1 OUT
P IFCNT N
Vee T - -
L T e
| F10 k2 L1 I | 23 nF ;J.,
22 yF =* 33nF 100 pF L 22nF [l [ S, sy ] "
I VA r
6.2k
1] I R
12 12 9 10 11 8
IF signat 1 17 AF output
}; 3304Q LA1145 .
1
2 0,0066 F e
BN EEEE T [, e
RS
r“. 100 ko
22nF = Ra RS + + }
" sikaf 2ok F'HF 47m"‘F'[ $
rr
wr ”
S meter Voo SDOUT
Figure 35. FM tuner
FMVec
voo ] =1 sKMuTE > 7 b
ON/OFF (125Hz) .
SKO :I—— l
L7230 &a| | » M Lazeo LA2211
DXIN
l pKouT |11

Note

The SKI active signal is on the base of the transistor in the keypad matrix.

Figure 36. Traffic control decoder 1
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SKO :I——

Lc7230 &[] » Ml Lazez0 LA2211

TAPE pKouT [13}—

VDD D-—/‘ Tape

block

5V

IS

Figure 37. Traffic information decoder 2

Note
The SKI active signal is on the base of the transistor in the keypad matrix.

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

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

@ Accept full responsibility and indemnify and defend SANYQ ELECTRIC CO., LTD, its affitiates,
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 wmpose any responsibility for any fault or negligence which may be cited in any such claim or
litigation on SANYQ ELECTRIC CO, LTD, its affilates, subsidiaries and distributors or any of
their officers and employees jointly or severally,

B Information {including circuit diagrams and circuit parameters) herein is for example only; it is not guarant-
eed for volume production. SANYO believes information herein is accurate and reliable, but no guarantess

are made or implied regarding its use or any infringements of intellectual property rights or other rights of
third parties.
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