| Ordering number : ENA2164 |

[AEBLC72715PLG '

CMOS IC ON Semiconductor®

Mobile FM Multiplex Broadcast IC nttpifonsemi.com
with On-Chip VICS Decoder
for Mini Component, receiver

Overview

The LC72715PLG is a data demodulation LSI for recei#ifgmultiplex broadcasts fanobile reception in the
DARC format. This LSl includes an on-chip bandpassrfftie extracting the DARC signal from the FM baseband
signal. It also integrates a decodeattherforms the VICS data processorgthe same chip and can implement a
compact, multifunction VICS recépn system. LC72715PLG is contimompatible vith LC72714W and
LC72710LW.

(Description of dGPS reception function has been delbézduse the dGPS service finished at the end of March
2008). Note that a contract with the VICS Center is requiredtatuate this LSI's sample and to produce VICS
compatible products. It also requires a contract thiehNHK Engineering Servide produce VICS compatible
products.

Functions
¢ Adjustment-free 76kHz SCF bandpass filter
e Built-in VICS decoder
e MSK delay detection system based on a 1T delay.
e Error correction function based on a 2T delay (in the MSK detection stage)
o Digital PLL based clock regeneration function
o Shift-register 1T and 2T delay circuits
¢ Block and frame synchronization detection circuits
¢ Functions for setting the number of allowable BIC errors and the number of synchronizatiéatiqar operations.
e Error correction using (272, 190) codes
e Built-in layer 4 CRC code checking circuit
¢ On-chip frame memory and memoryntrol circuit for vertical correction
e 7.2MHz crystal oscillator circuit
e Two power saving modes: STNBY and EC STOP
¢ Applications can use either a parallel\Ciaterface (DMA) or a CCB serial interface.
e Supply voltage: 2.7V to 3.6V

« CCB is ON Semiconductor® s original format. All addresses are managed
by ON Semiconductor® for this format.

« CCB is a registered trademark of Semiconductor Components Industries, LLC.

Semiconductor Components Industries, LLC, 2013
June, 2013 Ver.1.22 12313HKPC 20121211-S00002 No.A2164-1/26
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Specifications

Absolute Maximum Ratings at Ta = 28C, Vgg= 0V

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage VbD -0.3t0 +4.0 \
Input voltage VN1 AO/CL‘, A1/CE, A2/DI, RST, STNBY 0310456 v
(Vpp is equal to 2.7V or more.)
AO/CL, A1/CE, A2/DI, RST, STNBY
(Vpp is less than 2.7V.) 0-310Vpp*0.3 v
VN2 Input pin other than VN1 -0.3to Vpp+0.3
Output voltage VouTt Output pin -0.3to Vpp+0.3
Output current louTl INT, RDY, DREQ, DO to D15, DO 0to 2.0 mA
louT2 Output pin other than IgyTl 0to 1.0 mA
Allowable output current (total) ITTL Total for all the output pins 10 mA
Allowable power dissipation Pd max 100 mw
Operating temperature Topr Ta<85°C -40 to +85 °C
Storage temperature Tstg -55to +125 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the Recommended Operating
Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect device reliability.

Allowable Operating Ranges at Ta = -40C to +85C, Vgg= 0V

Ratings
Parameter Symbol Pin Name Type Conditions unit
min typ max
Supply voltage VbD 2.7 3.6 \%
Input high-level voltage Vixl AO/CL, A1/CE, A2/DI, RST, Schmitt
0.7Vpp 55 \%
STNBY
Vin2 IOCNT1, IOCNT2, DACK Schmitt
DO, D1, D2, D3, D4, D5, D6, D7 0.7Vpp Vbp \Y
WR, RD, A3, CS
VIH3 SP, BUSWD, TIN, TPC1, TPC2,
0.7Vpp VbD \%
TOSEL1, TOSEL2
Input low-level voltage VL1 AO/CL, A1/CE, A2/DI, RST, Schmitt
0.0 0.3Vpp \%
STNBY
VL2 IOCNT1, IOCNT2, DACK Schmitt
DO, D1, D2, D3, D4, D5, D6, D7 0.0 0.3Vpp \%
WR, RD, A3, CS
Vi3 SP, BUSWD, TIN, TPC1, TPC2,
0.0 0.3Vpp \%
TOSEL1, TOSEL2
Oscillation frequency FOSC XIN, XOUT Oscillation Within 22 MU
. z
circuit +250ppm
XIN input sensitivity VXI XIN Capacitive
i 400 mVrms
coupling
Input amplitude VMPX1 MPXIN SCF 100%
demodulation
i 120 500 mVvrms
composite
Vpp=3.3V
VMPX2 MPXIN SCF 100%
demodulation
. 120 450 mVvrms
composite
Vpp=2.7V
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Electrical Characteristics at Ta = -40C to +85C, Vpp = 2.7V to 3.6V, \§5= 0V

Ratings
Parameter Symbol Pin Name Type Conditions unit
min typ max
Input high-level current ITex8 AOQ/CL, A1/CE, A2/DI, RST, STNBY Schmitt 1.0 uA
hy2 IOCNT1, IOCNTZ2, DACK Schmitt
Do, D1, D2, D3, D4, D5, D6, D7 1.0 HA
WR, RD, A3, CS
I3 SP, BUSWD, TIN, TPC1, TPC2, 1.0 WA
TOSEL1, TOSEL2 '
Input low-level current L1 AO/CL, A1/CE, A2/DI, RST, STNBY Schmitt -1.0 LA
L2 IOCNT1, IOCNT2, DACK Schmitt
DO, D1, D2, D3, D4, D5, D6, D7 -1.0
WR, RD, A3, CS
L3 SP, BUSWD, TIN, TPC1, TPC2,
-1.0 pA
TOSEL1, TOSEL2
Output high-level voltage VonHl CLK16, DATA, FLOCK, BLOCK, CMOS
loH=-1mA Vpp-0.4 \%
FCK, BCK, CRC4
VoH2 DREQ, RDY, DO, D1, D2, D3, D4, CMOSs
D5, D6, D7, D8, D9, D10, D11, D12, loH=-2mA Vpp-0.4 \Y
D13, D14, D15, INT
Output low-level voltage VoLl CLK16, DATA, FLOCK, BLOCK, CMOS
loL=1mA 0.4 \Y
FCK, BCK, CRC4
VoL2 DREQ, RDY, DO, D1, D2, D3, D4, CMOS
D5, D6, D7, D8, D9, D10, D11, D12, loL=2mA 0.4 \%
D13, D14, D15, INT
VoL3 DO Nch-Open
oL P loL=2mA 04| v
Drain
Output leakage current IOFF DO Vo=Vpp 10 | pA
Hysteresis voltage VHYS AO/CL, AL1/CE, A2/DI, RST,
STNBY, IOCNT1, IOCNT2, DACK
0.1Vpp \%
DO, D1, D2, D3, D4, D5, D6, D7
WR, RD, A3, CS
Internal feedback RF XIN, XOUT
. 1.0 MQ
resistance
Current drain IpD 6 12 mA
Bandpass Filter Characteristics at Ta = 28C, Vpp = 2.7V to 3.6V, \§5= 0V
Ratings
Parameter Symbol Conditions unit
min typ max
Input resistance RMPX 50 kQ
Reference supply voltage output VREF Vref, Vdda=3V 1.5 \Y;
BPF center frequency FC FLOUT 76.0 kHz
-3dB band width FBW FLOUT 19.0 kHz
Group-delay in band width DGD FLOUT +7.5 us
Gain Gain FLOUT-MPXIN, f=76kHz 20 dB
Attenuation characteristic ATT1 FLOUT, f=50kHz 25 dB
ATT2 FLOUT, f=100kHz 15 dB
ATT3 FLOUT, f=30kHz 50 dB
ATT4 FLOUT, f=150kHz 50 dB
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Block Diagram
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Pin Assignment
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List of Pin Functions

Pin No. Name of Pin 10 Form State with RST="L" Description of Functions

B1 XOuT (0] Oscillation Pin for system clock (crystal oscillator)

c2 Vvddd - - Digital power pin

C1 DTEST1 | Input Digital test 1 pin (This pin must be connected to Vssd.)
D2 IOCNT1 | Input Data bus 1/O control 1 input pin (Parallel !F)

* Connect to Vssd when CCB IF (SP=H) is to be used.
b1 |OCNT2 | Input Data bus 1/O control 2 input pin (Parallel I.F)
* Connect to Vssd when CCB IF (SP=H) is to be used.

E2 CLK16 (0] L Clock regeneration monitor pin

E1 DATA (0] L Demodulation data monitor pin

F2 FLOCK O L Frame synchronization flag output pin (H: synchronized)
F1 BLOCK O L Block synchronization flag output pin (H: synchronized)
G2 FCK o L Frame start signal output pin

Gl BCK (0] L Block start signal output pin

H2 CRC4 (0] H Layer 4 CRC check result output pin

H1 DREQ O H DMA REQ signal output pin (parallel IF)

32 DACK ! nput ??:AQ:;:t??jc;(;n\z:;ﬁllgsrs:llilsfiH) is to be used.
J1 Vssd - - Digital GND pin

K2 vddd - - Digital power pin

K1 RDY (0] H Read data READY signal output pin (parallel IF)

L2 DO 110 Input Data bus 0 to 7 I/O pins (parallel IF)

K3 D1 /O Input Bus width switched to 8 bits or 16 bits according to the BUSWD setting
3 D2 /o Input * Connect to Vssd when CCB IF (SP=H) is to be used.
K4 D3 110 Input

L4 D4 110 Input

K5 D5 110 Input

L5 D6 110 Input

K6 D7 110 Input

L6 D8 (0] Hi-Z Data bus 8 to 15 output pins (parallel IF)

K7 D9 1) Hi-Z * Output OFF for 8 bit bus width (BUSWD=L)

L7 D10 (o} Hi-Z

K8 D11 (0] Hi-Z

L8 D12 (6] Hi-Z

K9 D13 (6] Hi-Z

L9 D14 (o} Hi-Z

K10 D15 (0] Hi-Z

L10 INT (0] H Interrupt output pin for external CPU

K11 vddd - - Digital power pin

J10 Vssd - - Digital GND pin

Ji1 DO o] Hi-Z(H) DO output pin (CCB IF)

H10 DTEST2 | Input Digital test 2 pin (This pin must be connected to Vssd.)
a | | e e s teuss
R0 ! Connectto vt GG 1 (5o s 0 b use
G11 AO/CL | Input CL input pin (CCB IF)/ address input pin 0 (parallel IF)
F10 DTEST3 | Input Digital test 3 pin (This pin must be connected to Vssd.)
F11 Al/CE | Input CE input pin (CCB IF)/ address input pin 1 (parallel IF)
E10 DTEST4 | Input Digital test 4 pin (This pin must be connected to Vssd.)
El1 A2/DI | Input Dl input pin (CCB IF)/ address input pin 2 (parallel IF)
o ! Comect 0 Ve OB IF 5P+ 10 e e,
D11 cs | Input Chip selector input pin (parallel IF)

* Connect to Vddd when CCB IF (SP=H) is to be used.

Continued on next page.
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Continued from preceding page.

Pin No. Name of Pin 10 Form State with RST="L" Description of Functions

C10 STNBY | Input Standby mode input pin (H: standby)
Cl1 RST | Input System reset input pin (L: reset)

B10 SP | Input CCB/parallel setting input pin (H: CCB, L: parallel)

B11 BUSWD | Input Data bus width setting input pin (L: 8 bits, H: 16 bits)
Al10 TIN | Input Test input pin (This pin must be connected to Vssd.)
B9 Vssa - - Analog GND pin

A9 Vref AO Vdda/2 Reference voltage output pin (Vdda/2)

B8 ATEST1 | Input Analog test 1pin (This pin must be connected to Vssa.)
A8 MPXIN Al Input Baseband (multiplex) signal input pin

B7 Vdda - - Analog power pin

A7 FLOUT AO Vdda/2 Subcarrier output pin (76kHz BPF output)

B6 ATEST2 | Input Analog test 2 pin (This pin must be connected to Vssa.)
A6 CIN Al Input Subcarrier input pin (comparator input)

B5 DTEST5 | Input Digital test 5 pin (This pin must be connected to Vssd.)
A5 TPC1 | Input Test input pin (This pin must be connected to Vssd.)
B4 TPC2 | Input Test input pin (This pin must be connected to Vssd.)
Ad TEST | Input Test mode setting pin (This pin must be connected to Vssd.)
B3 TOSEL1 | Input Test input pin (This pin must be connected to Vssd.)
A3 TOSEL2 | Input Test input pin (This pin must be connected to Vssd.)
B2 Vssd - - Digital GND pin

A2 XIN | Oscillation System clock pin (crystal oscillator/external clock input)

Internal Equivalent Circuit of Analog Pins

Name of pin

Pin number in parentheses

Internal equivalent circuit

W

MPXIN(53)
+
FLOUT(55) D
+
CIN(56)
Vref
Vdda
Vref(52) D
Vssa
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CPU Interface <CCB Mode>

CCB (Computer Control Bus), which is t@air original serial buformat for Our company’s acoustic LSIs, performs
data input and output.

The CCB address is transmitted with CE= “L”, ackieniging the CCB 1/0O mode when CE is set to “H".

(1) List of CCB modes

CCB address
- 1/0 mode Description
Hexadecimal BO B1 B2 B3 A0 Al A2 A3
FAh 0 1 0 1 1 1 1 1 Input 16-bit control data input
Output of data corresponding to the
FBh 1 1 0 1 1 1 1 1 Output i .
input clock (CL) portion
Layer 4 CRC check circuit data input
FCh 0 0 1 1 1 1 1 1 Input i .
(on the 8-bit units)
FDh 1 0 1 1 1 1 1 1 Output Output of the register only

(2) Data input (CCB address FAh)
This is to set data to the LSI internal register. Puinincludes both CCB address FAh and 16-bit data (DIO to
DI15) are input.
Assignment of each bit is as shown in the table below. Though DI12 to ¥ 1%vatid data, it is necessary to enter
the arbitrary data so that ttegal of 16 bits can be obtained. For the eatd of each registand register address,
refer to the chapter of CPU registers.
(Note that writing into the layer 4 CRC check registérlve described later (for the CCB address, use FCh.))

(LSB) Input data (8-bit) (MSB) Register address Invalid data
DIO DI1 DI2 DI3 Dl4 DI5 DI6 DI7 DI8 DI9 DI10 DI11 DI12 to DI15
BITO BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 BITO BIT1 BIT2 BIT3 BIT4 to BIT7

tEL l<>le>! tES
] ] ]

CE N
I I
I I

-

ICH <131 tCL (EH <!

SR e 0 O 6 I I A

tSU <>l tHD

bl X Bo X Bt X B2 (B3 X a0 X a1 X a2 X_ a3 X oo X b X Yoz X pua) D5
:@:tLC
Internal data latch X:

(3) Output of the corrected data (CCB address FBh)
The corrected packet data is output from.The CCB address, FBh, is input in DI.
The valid data to be output is maximum 288 bits. If the clock input (CL input) is interrupted halfway to set CE to the
“L” level, data output is not troubled by the next interrupt.

®The maximum data to be output is 288 bits (36 bytes) and the leading two bytes, to which the status register
(STAT) contents and the block number register (BLNO) contents are added, are output.

@STAT and BLNO, which are the register contemt$puts, are output respectively with LSB first.

®The corrected data is output sequentially begmmiith the leading bit in data of one block.

@The BIC code is not output.

®In case of data reading for multiple times by one interrupt signal (INT), the output data is not guaranteed.

STAT (8) BLNO (8) Data block (176) Error-corrected data Layer 2 CRC (14) Parity (82)
DO0toDO7 DO8toDO15 DO16 to DO191 DO192 to DO205 DO206 to DO287
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tEL '€><>! tES

1 1
L
tCH [€«>j<>) tCL N tEH <>

S I e e e I I

tSU (€€ tHD
[ — ) | —
—>1 1<~ tDDO —| i< tDDO2

DI XBo X B1 X B2 X B3 X A0 X AL Y A2 X a3
Do X Doo X' 0O1 X DG2  XpOessypo28e) DO287 X

CE

(4) Layer 4 CRC check circuit (CCB address FCh)
This is a function to detect the error in the dataugr(Layer 4 CRC), transmittirthe data group of specified
number of bytes, via the CCB interface, to LSI. The CCB addseFCh. In this case, it is not necessary to send
register address.
The length of data group to be transmitted is on the 8-bit units. Here is not any upper limit (such as N pieces in the
figure below) for the length of data to be transmitted at a time and data transmission can be divided into multiple
times.

tEL '<>'<>! ES
1 1 1
[
]
| |
) )

]
tCH €>i€> tCL tEH <!

S s I I I O

DI :X Blo)l( BL Y B2 ¥ 83 X A0 X AL X\ A2 X A3 X croX cri) XN-3XN-2XN151I
CRC4 pin output X X X:: X X )(,

—>| <{CRC
/

Note: The number of Ns must be on the 8-bit units. Output after
transmission

of N pieces

CE

(5) Register output (CCB address FDh)
This is the dedicated register that caad only the status register (STAT) and block number register (BLNO) in LSI.
To DI, the CCB address (FDh) is input. Data is output deoof the status register and the block number register.

tEL '<>l<>! tES
1 1 1

CE | |

tCH [€><>] tCL Vo tEH <>,

NS e e e e e e 1 I

tSU [€>{<>) tHD

DI:XBIOXBlXBZXB3XAOXA1XA2XA3 .
—>1 1< 1DDO ! 1< tDDO2

DO X sto X st1 X st2 ___XBLNSXBLNGX BLN7 X:
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Symbol Parameter min typ max unit
tCL Clock “L” level time 0.7 us
tCH Clock “H" level time 0.7 us
tSU Data setup time 0.7 us
tHD Data hold time 0.7 pus
tEL CE wait time 0.7 us
tES CE setup time 0.7 us
tEH CE hold time 0.7 us
tLC Data latch change time 0.7 us

tDDO *1 DO data output time 277 555 ns

tDDO2 DO data output off time 140 ns
tCRC CRC4 change period 0.7 us

*1 DO data output change time from the “H” level to th&ldvel. Output change time from the “L” level to the “H”

level is determined by the external pull-up resistance value and load capacitance value.

CPU Interface <Parallel Mode>

This LSI can perform control via the parallel interface,ddition to the CCB interface. Tigse the parallel interface, it
is necessary to set the SP pin = L. The data bus width can be selected with the BUSWD pin. (BUSWDBiits, L:
H: 16 bits)

The DMA transmission method carsalbe selected according to the setting of control register.

(1) Data input (register setting)
Data is set to the register in LSI.rRaxcessing, input the register address tdo®A3 pins and the write data to the

D(n) pin.
Set the CS pin = L, and then the WR pin = L. Subsequently, by setting the WR pin = H and the CS pin = H after the

tWWRL period, the data can be set to the register. ltdessary to keep an interval of tCYWR or more before the
next data input.

1
1
i
1
A0 to A3 X
A
1
1
|

Cs

WR

D(n)

tWWRL
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(2) Register output
This is to read data from the register in LSI. Only the status register (STAT) and block humber ({id0O) in
LSI can be read.
For accessing, input the register addregsino A3, set the CS pin = L, and then the RD pin = L. This causes the
RDY pin to change from “H” to “L". Then, data is output from the D(n) pin after the RDYoecomes “H". It is
necessary to keep an interval of tCYRD or more before the next data output. (n: 0-7 for BUSWHDGE 15 for
BUSWD=H.)
By setting bit 3 (RDY) = 1 of the control register 2, the RDY pin output methoteahanged. In this case, the
RDY pin changes from “H” to “L” in the timing enabling output of the acquired data and the pirsr&di’ after
the end of data output (shown as Timing 2 in the figure).

1 1 |
{SARD | | tWRDL | | HARD
| ; ! !
A0 to A3 >'< ! ! ><
\ : ! :
1 1 1 1
1 1 1 ]
1 1 1 1
’ ! | i \
cs ! : : |
' | | tCYRD \
: ' |
1 1 h
RD \f\ / XI
1 1 h
X ' tWRDY | '
tDRDY 1 ! : :
A ' !
RDY (Timingl: default) ] ) !
] ] 1
| ! | 1
. tDRDY+WRDY 1 —>! Ee tDRDY?2
1
T | !
)
RDY (Timing?2) | \ L/
| ) 1
1 | 1
E , : ! —>! ie tRDH
D(n) "y 'V ovaup \
P\ | \ OUTPUT /i
[ ] T
IDATON —>1 1<— —>! <— tDDATn |
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®3)

Corrected data output

This is to output the packet data after correction procefisingLSI. The total length of output data is 176 bits (22

Bytes) only, and the Layer 2 CRC data (14 bits) and parity(@2 bits) are not output. The corrected data is output,

on either the 8-bit or 16-bit units, sequentially from the leading data among those in one packet. The BIC code is not
output.

The accessing method is the same as frdhister output and the address “Ofhjgut to A0 to A3 pins. Since this

is different from the register outputthe timing conditions during access, timing chart is shown here separately

from the register output. The RDY signal output method can also be selected similarly.

Data block (176 bits) Data after error correction | Layer 2 CRC (14 bits) | Parity (82 bits) |

Structure of a Single Data Packet @ldength 272 bits: BIC not included)

! ! tWDRD ! |
tSARD ! ! , tHARD
| . - i
A0 to A3 X | | ><
| ! f
i | ! :
. | b
] 1
cs :‘\ ! !
' : ' tCYRD .
: | !
" ! |
RD | 1 )
1 1 |
{DRDY | ! tWDRDY : i '
1 | 1
| : : 1
RDY (Timingl: default) , \ |
] 1 1
| ! | 1
| tDRDY+WRDY | — > '« tDRDY2
1 [
T 1 [
RDY (Timing2) | \ ] \ /
1 ) (A
] I ]
L L —>! < ROH
D(n) Ly :X VALD  \ / >< VALID >
P\ \ /\_ouTPuT_ /! \ ouTPUT
[} [] 1 1
tDATON —>' 1«— —>' '<— tDDATn !

(4)

* AO to A3 should be set to 0 during
reading of corrected data.

Layer 4 CRC check output

This is a function to detect error of data group (laly@RC). The CRC4 pin = “H” or bitl (CRC4) = 1 of the status
register after writing of the data group into the lay&RIC register means that there is no error. The accessing
method is the same as for the data input when setting impeainal register, and the address “6h” of the layer 4

CRC register is input into the register address.

Note: WR cycle wait for writing in layer 4CRC register differs from the time of the data input of other register setup.

(5) DMA transmission output

Setting bit0 (DMA) = 1 of control register 2 causes the DMA mode, allowing the corrected dataitpuierothe

DMA method.

For accessing, input the address “Oh” to A0 to A3 ping &tkng of the DREQ output pin, setting the CS pin =L,
and then the RD pin = L. After the DREQ pin = H, datadguired from the D(n) pin. Em, the wait state occurs for
the tCYDM period or longer till the DREQ pin becomes “L". In the DMA mode, only 8 bits can be selected for the
data bus width. (n: 0 to 7 for BUSWD=L. Do not set BUSWD=H because it may cause fault.)

The DACK pin can be used instead of the RD pin for Divesmission. In this case, it is necessary to set bitl
(DMA_RD) =1 of the control register 2. It is also possible to change the polarity of DREQ aBid pAs. In this

case, it is necessary to set bit4 (DREQ) = 1katid(DACK) = 1 of the control register 2.
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, tDREQ tCYDM

1
1
1
1 1 1
! —
. 1 q
DACK (when DACK is selected) \\—/ \—/7

RD (default)

1
AO to A3 X | 0
1
1 1
<>
1
cs \
1

D(n) i:/ VALID 1\

tHARD &>

)
!
l
1
i
!
!
]
T
!
l
!

tRDH :
!
!
l
l
T
!
!
!
!

VALID
OUTPUT

tDDATN —> le— '
!
: *A0 to A3 should be setto 0
during DMA transmission
Symbol Parameter min typ max unit
tSARD Address and CS to RD setup 20 ns
tHARD *1 RD to address and CS hold 0 ns
tWRDL RD “L” level width 340 ns
tCYRD RD cycle wait 150 ns
tWRDY RDY width (at register output) 60 210 ns
tRDH RD data hold 0 40 ns
tSAWR Address and CS to WR setup 20 ns
tHAWR WR to address and CS hold 20 ns
tCYWR WR cycle wait 150 ns
WR cycle wait(When writing data in Layer 4CRC register) 1200 ns
tWWRL WR “L” level width 200 ns
tWDS WR data setup 0 ns
tWDH WR data hold 20 ns
tDRDY RDY output delay 0 40 ns
tDRDY2 RDY output delay 2 0 40 ns
tWDRD RD width at output of corrected data 340 ns
BUSWD-=L (8bit)
RD width at output of corrected data
BUSWD=H (ngit) 620 ne
tWDRDY RDY width at output of corrected data
BUSWD=L (8bit) 60 210 ne
i corrected data
oo o
tRDDM DMA start time 20 ns
tDREQ DACK to DREQ delay 260 ns
tDATON DATn output start time 0 40 ns
tDDATN DATnN output delay 0 40 ns
tCYDM DMA cycle wait 420 ns
tWRDM RD “L” level width at DMA transmission output 300 ns

*1 Specified up to the earliest negating of A0 to A3 and CS
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CPU Registers
This LSI has both write registers and readisters. Access to the registers islngia CCB IF or parallel IF. Switching
of access mode is made with the S pCCB IF: SP=H, Parallel IF: SP=L)

(1) Write registers
Setting any data to ‘Oh’ or ‘7h’ or largaddress of Write-registersysohibited. Do not set any data to these addresses.

o List of write registers

ADR R/W Register Name Description

Oh - - Reserved (setting prohibited)

1h w BIC Allowable number of BIC errors

2h W SYNCB Block synchronization: error protection count

3h w SYNCF Frame synchronization: error protection count

4h w CTL1 Control register 1

5h W CTL2 Control register 2

6h w CRC4 Layer 4 CRC register (for the parallel IF only. CCB to use the dedicated address)
7h and beyond - - Reserved (setting prohibited)

e 1h <BIC>: Number of allowale BIC errors <Write Only>
Register to set the allowable number of Bl€ebits for determination of synchronization
ADR Register Name Bit Name Description Reset

1h BIC 7-4 BIC_B Backward protection value (initial value 2)
Sets the number of allowable BIC error bits (when not synchronized).

0010b

3-0 BIC_F Forward protection value (initial value 2)
Sets the allowable number of BIC error bits (when synchronized).

When the block synchronization determination output (BLOCK) is to be used dettomiof whether or not there is
any FM multiplex data, it is recommended to set the allosvabinber of BIC errors during backward protection to
‘0001b’ or ‘0000b'.

0010b
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e 2h <SYNCB>: Block synchronization: error protection count <Write Only>
Register to set the number of block synchronization protections for determination of llobkosyzation.

ADR Register Name Bit Name Description Reset
2h SYNCB 7-4 SYNCB_B | Backward protection value (Register initial value 1: Number of backward protections 2) 0001b
Number of backward protections = Backward protection value +1
3-0 SYNCB_F Forward protection value (Register initial value 7: Number of forward protections 8) 0111b
Number of forward protections = Forward protection value +1

To change the set value, it is necessary to set the datermined by deducting 1 from the desired number of
protections.

The number of forward and backward protections casebeeparately. The conditions for counting the number of
protections are as follows:

o Number of backward protections (not synchronized): BLOCK=L)
When the timing of the free-nucounter for LSI internal synchronizatiagrees with that afeceived BIC, the
protection counter is incremented bySimilarly, when the timing betweeng S| internal counter and the received
BIC is lost, the protection counter is cleared to zer@ ddunt timing is the timing of the LSI internal counter.

e Number of forward protections (synchronized: BLOCK=H)
Contrarily to the case of backward protection, the number of protections is counted upemiramthof LSI internal
free-run counter is deviated from the received BIC detetining. The number of prettions is cleared to zero
when they agree.

The figure below shows the agreemeistidreement between the LS| intertialing and received BIC timing and the
relationship between the protection counter value and BLOCK signal.

For the number of forward/backward protections of 3, the protection counter valumizigadi BLOCK signal
changeover is 2, that is, smaller by 1. The number of giotsds determined in the internal circuit by comparing the
register set value for the number of forward/backward protections and the protection countelinglgcahe register
set value must be set to the value smaller than the desired number of protections by 1.

For example, when the number of both forward and backward protections is 3 as shown below, it is nesetsary
‘22h'. If the set value is ‘00h’, the number of protectitmesomes 1 by definition for forward and backward protections.
However, the operation becomes the sameratdostate without the protection circuit.

When the block synchronization flag output (BLOCK) is to be used for determination wbettatrthere is FM
multiplex data, it is recommended to reset the value severer than the initial value.

Received data | 1 | 2 | 3
BIC position | | |
of synchronization

counter 1 2 3

—- - - -

Protection |0|1|2|0|1|2| 0 |1|0|
counter

BLOCK )
For the register set value of 22h:

the number of both the forward and backward protections become 3.

e 3h <SYNCF>: Frame synchronization: error protection count <Write Only>
Register to set the number of frame synchronization protections for determination of framersgatbrno

ADR Register Name Bit Name Description Reset

3h SYNCF 7-4 SYNCF_B Backward protection value
(Register initial value 1: Number of backward protections 2) 0001b
Number of backward protections = Backward protection value +1

3-0 SYNCF_F Forward protection value
(Register initial value 7: Number of forward protections 8) 0111b
Number of forward protections = Forward protection value +1

To change the set value, it is necessary to set the datermined by deducting 1 from the desired number of
protections. This LSI detects BIC peculiar change points akisur points in one frae and increases/decreases the
counts of protection counter by determining agreementidisagent with the timing counter for LSI internal frame
synchronization.

No0.A2164-15/26



LC72715PLG

e 4h <CTL1>: Control register 1 <Write Only>

Register to control the block reset ON/OFF, function activation/stop, and the datanoeitpod.

ADR

Register Name

Bit

Name

Description

Reset

4h

CTL1

7

CRC4_RST

Layer 4 CRC check circuit reset setting
1: Reset ON 0: Reset OFF
To cancel reset, it is necessary to set 0.

DO _MOVE

Sets the DO pin output method changeover
0: Hi-Z state retained in states other than data output
1: Changes in an interlocked manner with the INT signal

INT_MOVE

Sets changeover of corrected data output method *4

0: Outputs only data received at completion of correction & layer 2 CRC
completion as well as during synchronization

1: Outputs all of data

SYNC_RST

Synchronization regeneration circuit reset setting *1
1: Reset ON 0: Reset OFF
0 to be set to cancel reset

EC_STOP

Error correction function down setting *2
0: All functions activated

1: Only MSK detector circuit and synchronization regeneration circuit activated

VEC_HALT

Vertical error correction function down function *3
0: Executes vertical error correction and second horizontal correction.

1: Does not execute vertical error correction and second horizontal correction.

1

Reserved

0

0

Reserved

0

*1 With SYNC_RST=1, the synchronization status and thehsgnization protection status are cleared, resulting in the

unsynchronized state. This function enables rapid pull-in of frame synchronization wHeanik synchronization
of new tuned and received data is deadaduring tuning of a radio receivém.this case, registers such as the
number of allowable BIC errors, the number of block forward/backward protections, and the nifrayee o

forward/backward protections are not initialized. During tietbe INT signal is not output and the DO pin becomes

the HI-Z output.
*2 With EC_STOP=1, all of operations and data output related to error correction is shuM&kvdemodulation,
synchronization circuits, serial data inpaid layer 4 CRC circuit remain operative.
*3 With VEC_HALT=1 setting, all of LSI ogration related to vertical correctiand second horizontal correction are
shut down. Only the data after first horizontal correction is output.
*4 Since the output mode will be modified depending on the setting of the VEC_OUT flag or the result ofdiorizon
error correction, refer to the “List of operation modes” section for detail.
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e 5h <CTL2>: Control register 2 <Write Only>
Register to control the parallel IF setting, vertically-corrected data output method, etc.

ADR Register Name Bit Name Description Reset

5h CTL2 7 Reserved Either keep an initial value or set it to 0. 0

6 BLK_RST Block synchronization circuit reset setting *1
1: Reset ON 0: Reset OFF 0
0 to be set to cancel reset

5 DACK DACK signal polarity setting (effective for SP=L only)
0: Negative logic for DACK signal polarity 0
1: Positive logic for DACK signal polarity

4 DREQ DREQ signal polarity setting (effective for SP=L only)
0: Negative logic for DREQ signal polarity 0
1: Positive logic for DREQ signal polarity

3 RDY RDY signal timing setting (effective for SP=L only)
0: Outputs the RDY signal in the timing 1. 0
1: Outputs the RDY signal in the timing 2.

2 VEC_OUT Vertically error corrected data output method changeover setting *2
0: No vertically error corrected output if vertical error correction has not been made 0
1: All data output even when vertical error correction has not been made

1 DMA_RD DMA read control signal selection setting (effective for SP=L only)
0: RD signal used 0
1: DACK signal used
0 DMA DMA transmission function enable setting (effective for SP=L only)
0: DMA transmission not used for reading of corrected data 0
1: DMA transmission used for reading of corrected data
*1 With BLK_RST=1, the block synchronization state and block synchronization protectioerceaine are cleared.
But this does not affect the functioredated to frame synchronization.
*2 With VEC_OUT=1, one frame of data completely free from error. The data similar to the horizontally-corrected data
is output in the timing of output of weally-corrected data even whenriteal correction has not been made.

¢ 6h <CRC4>: Layer 4 CRC register <Write Only>
Register for data group writing to check the layer 4 CRC.
Used on with the parallel IF. The dedicated CCB address is to be used for CCB IF.

ADR Register Name Bit Name Description Reset
6h CRC4 7 CRCDAT7 Layer 4 CRC check data setting 0
6 CRCDAT6 | By writing value consecutively into this register, the layer 4 CRC check of data 0
5 CRCDATS group comprising multiple bytes can be made. 0
4 CRCDAT4 The CRC checked results can be known by checking the CRC4 flag in the status 0
3 CRCDAT3 | register or CRC4 pin output. 0
2 CRCDAT2 0
1 CRCDAT1 0
0 CRCDATO 0

No0.A2164-17/26



LC72715PLG

(2) Read registers

o List of read registers

ADR R/W Register Name Description
Oh R PDATO Input this address into AO to A3 after reading of error-corrected data
1h R STAT Status register
2h R BLNO Block number register
3h and beyond - - Reserved

Parallel mode: To read registers, send eslshown in the list of read registers.
CCB mode: To read registers, send assigned CCB addressi(FBI). It is not necessaty send address shown in

the list of read registers.

e 1h <STAT>: Status register <Read Only>

Register to confirm various states

ADR Register Name Bit Name Description Reset
1h STAT 7 VH Determination on vertically error corrected data
0: Data for which only horizontal correction is performed 0
1: Data for which vertical and second horizontal correction after horizontal correction
are performed
6 BLK Block synchronization state
0: Data that is received when block synchronization is not established 0
1: Data that is received when block synchronization is established
5 FRM Frame synchronization state
0: Data that is received when frame synchronization is not established 0
1: Data that is received when frame synchronization is established
4 ERR Error correction state
0: Data whose correction is completed and for which error is not detected by the layer 2
CRC check 0
1: Data whose correction is impossible or for which error is detected by the layer 2 CRC
check.
3 PRI Determination of parity block
0: Data that is estimated to be data block by the frame synchronization circuit 0
1: Data that is estimated to be parity block by the frame synchronization circuit
2 HEAD Frame head determination
1: Data that is estimated to be the frame head block by the frame synchronization circuit 0
0: Data other than above
1 CRC4 Layer 4 CRC check result
0: Error in layer 4 CRC check result 1
1: No error in layer 4 CRC check result
0 - Reserved 0
e 2h <BLNO>: Block Number register <Read Only>
Register to confirm the output data block Number
ADR Register Name Bit Name Description Reset
2h BLNO 7 BLN7 Indicates the block Number or parity block Number of output data 0
6 BLN6 0
5 BLN5 Data block Number 0to 189 0
Parity block Number  0to 81
4 BLN4 0
3 BLN3 0
2 BLN2 0
1 BLN1 0
0 BLNO 0
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o Data renewal timing of read register
The timing for rewriting of read register (STAT, BLNO)tdas the timing for changing of INT from H to L.

e Read procedure of corrected data
Normally, the status register is first read because ofroaee of interrupt to check the condition of corrected output
data that is output by the interrupt signal, determining kévedr not read is necessaryr Egample, read is not made
till the next interrupt if the error correction result is NG and read is not necessary.
For CCB IF, data read is made at the CCB address, ‘RO’ determination is made by means of the status
information added by 16 bits to see if the subsequenigitide read. When interrupting read, set the CE signal to
“L.
It is possible to read the register in a manner asynchravittushe interrupt signal. Faxample, to check the current
receiving state, read theasiis register to check BL&lata received during blocksghronization) and FRM (data
received during frame syhronization). In this case, read data is more close to the current receiving state, when
VH=0 (data subject to hadntal correction onlyilnformation is used.

e Layer 4 CRC check
To perform layer 4 CRC check, the data group to be cheskeghsmitted. After transmission, it is determined that
the data group is free from error ietlCRC4 pin becomes the H-level output or the status register CRC4 (layer 4 CRC
check result) is ‘1",
The CRC4 pin or CRC4 flag of status register is either “H"1dmwhen all bits of check register in LS| are “0”. To
perform layer 4 CRC check using thisition, it is necessary to initializealCRC check register in LS| before
transmission of one group of one data group. Initiabmais made by setting the CRC4_RST (layer 4 CRC check
circuit reset) of control register to ‘1’.
Subsequently, to transmit the layer 4 CRC check data, set CRC4_RST back to 0 to cancel reset.

The generating polynomial of CRC code is as follows: G(X)"&Xx*?+ X°+ 1

No0.A2164-19/26



LC72715PLG

Error Correction

(1) Error Correction and Output Conditionskgfor-corrected Data (in the default state)

The received data is subject to error detection by e ACRC and error correction by the (272,190) code for each
one block (272 bits). At the end of correction, prepardtotransmission to CPU is made and the INT signal is output.
This is called “horizontal correction”.

In the default state, this INT signal is output only when the output data concerned meetsed obitlditions as
follows:

®Data whose error correction is completed and for which layer 2 CRC detects no error

@Data received during blocnd frame synchronizations

®Data in the data packet

*Depending on the register mode setting, horizontally-corrected data may be output regardless of con@ittoris of
above.

When horizontal correction cannot cover completely, correction by the product code is madeyffeanee. For data
that cannot be horizontallyorrected, the second hmwntal correction is made.

This series of operations is called “vertical correcti@gnditions for the data obtained from vertically-corrected
output are as follows in the default state:

OData that cannot be corrected byikhontal correction, but that has bemampletely corrected by the vertical
correction
@Data in the data packet

Accordingly, horizontally-corrected danot output. Packet data that cannot be corrected horizontally or vertically
is not output. The parity packet data after vertical correction is not output either.
Vertical correction is applied to thenole packet data that have been reakiiaring frame synchronization, and is
executed when horizontal correction caincarrect all packet (block) data. \ieal correction is not made when the
error-free data is received for one frame or when the received data is moténsfynchronization during reception.
For the packet whose error has been corrected by horizontattion and any error-freagket, vertical correction is
not made to prevent faulty correction.
In the default setting, the applicableti@lly-corrected output is not outpwhen vertical coection has not been
made.

* Depending on the register mode setting, the vertically-corrected data may be output regardletiseofovhot
vertical correction is to be made.
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(2) Error-corrected Data Output Timing (Basic Restrictions)

Data received by LSl is corrected error and written secalnivithout any interruptioiinto the output data buffer
memory. Since this data buffer memory has a capacity feblmo& data, the corrected data before reading is over-
written by the next data if data read is delayed. Inegpmsnce, it is essential taaedata according to the timing
stipulations shown below.

This LSI specifies the output timing for each of honizdly and vertically coected data as follows:

®Upon completion of preparation for the output data, LSI lowers the INT pin to “L” as estdigu transmission.

@Data output has the period during which only horizontal data can be read and the pergdikigh horizontal and
vertical data are read acdorg to the time division.

®Complete data transmission within about 8ms after INI'=When only the horizontally-corrected data can be
output, data transmission is possible for about 17ms. Even @f€ris in the course of reading, the output buffer is
overwritten by the next output data once the specified time period is expired.

@The data amount that can be read by one horizontal and vertical transmission requesbfilBjask only.
Vertically-corrected data is outputgentially beginning with the first bloater completion of vertical correction,
but the data of parity block is not output.

1
Output of only horizontal data ‘e 18ms >

INT ms _.I_I‘_ I_I

A 4

| Horizontal data output period

Divided output for horizontal and

vertical data I Ims

>
>

INT s _.I_I‘_ I_I

1

[ I

| Horizontal data output
period

I

<

Y.

Vertical data output
period

—

]

|<_
990us

—
990ps

N/

Period during which data guarantee is impossible
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(3) Horizontally-corrected Data Output Timing (Relationship With The Received Data)

The timing relationship between the reesl data and interrupt control sigiiNT) for horizontay-corrected data
output is shown. But the delay from the actual receivgrubsicaused by demodulationtie MSK demodulation block
is ignored.

Block synchronization is established by determining the BIC code. Data of the Nth packet can bduouput
receiving of the next (N + 1) packet data.

(N-1) packet >le N packet

e (N+1) packet

v

))

Received data BIC | ;‘

| W |
18ms _—

BIC |

—! :4— 300ns max

BCK |_| —>| 14—62.5us
(]
—> | «<— 300ns max

N packet data output period

INT

i Ims 1 (N-1) packet data output period

|«— 990us

L

Period during which data cannot be guaranteed

(4) Vertically-corrected Data Output Timing

Vertical correction is made when tHata of one frame is stored in the memory, frame synchronization has been
established, and when horizontal corratti@annot correct all of packet data. ¥l correction start timing is the head
of a frame. During receiving of the first to"2Backets of the N-th frame, horizahtorrection of eachacket is made,
transferring data to the CPU interface. Using the idling tinthigperiod, vertical correction of the previous (N-1)-th
frame data is made.

Vertically-corrected data is outputrfthe amount equivalent to 190 blocksgjgentially beginning with reception of the
29" packet (block), in such a manner that one block datatjsut each time one block is received. Only data of data
block in the FM multiplex broadcasting frame is output.

The final 198" block is output during reception of the $lt8ock.

In the vertically-corrected data output timing, the packet darrected by horizontal gection is not output (INT not
issued). However, vertical correction data output order is not shortened for the amount rcfoivhéepacket data that
is not output. For example, if the first to f08ata packets have been horizontally corrected, th&idfically
corrected packet data is output, not at the reception point of the block Nunihéu2at the 129 packet data
reception point.

(N-1)-th frame pre N-th frame

1
1
Reception block No. 271 272 11 2

BCK |_| |‘| |-| ﬁ ” |2f|3 ﬁ 3|f|’ ?|>_1| R 2|1_|8 Zﬁg 2|2_|0

A\Y

— —
FCK 62.5us
18ms

1 2 189 190
)
A\Y
Ut U L A
ims | —— 1
] 118ms —ple—!
1 oms .
! 18msx28=504ms ' msgms' Data output period after

A
y

vertical correction of
previous frame

No0.A2164-22/26



LC72715PLG

(5) List of Operation Modes

Depending on the set value of INT_MOVE (bit 5 of control register 1) and VEC_OUT (biddhtol register 2), the
INT signal output timing and output data are modified. In the table b&owvdicates “output’x indicates “no
output.” and - indicates “none applicable.”

Horizontal . Vertically-corrected
Horizontally-corrected output
Parameter INT_MOVE VEC_OUT correction output
result OK data NG data Parity OK data NG data
OK (@] - X X
Default value 0 0
NG o x x O*1 x
OK o o O *2
Mode 1 1 1
NG o o o O *2 o
OK (@] @] x *3
Mode 2 1 0
NG o o o O *4 o
OK O x O
Mode 3 0 1
NG o x x o o

*1 Only data whose horizontal correction result is NG &hose vertical correction result is OK is output.

*2 All of vertically-corrected outputs (190 blocks/frame) are output, in both cases of horcmmégtion result of OK
and NG, regardless of whether the \aaticorrection result is OK or NG.

*3 The vertically-corrected data is not output when there is no data that is determined to be NG because all the
horizontal correctin results are OK.

*4 When there is any data whose hontal correction result becomes N@ o vertically-corrected outputs
(190 blocks/frame) are output regardless of whether the vertical correction result is OK or NG.
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Example of an application circuit diagram

This is an application circuit example when the CCB seriatfice is selected, using aamicomputer operating on the
supply voltage of 3V.

The DO pin must be pulled up by a resistor to the supply voltage.

CPU Interface
A

14 N\
5.1kQ
aryyy
GND Vpp
- 40.1uF
100uF (= b [ v 5 v [ e £ o o B e [
+ mmOODDLIJLIJ|LLLL(D(DII;';'¥j
QA FEF>NOASTWLM I A NQOT DT
=hpa8<LL 6 0RER8EEE
AloTIN% D:E <E2E2 E == K10
10uF] O'l“F:T: BY\/cqq @ o o o o D15 =
e e
330pF B3|\ TEST1 D137 g
; A8 D121,
FM composite —] | B MPXIN Dllﬁ
a7| Vdda D10 -Lt?
ool FLout o I
ATEST2 L6
560pF _“ﬂ CIN LC72715PLG D8 _K6
B5| D7
AS DTESTS L5
TPC1 DoIks
B4 rpco DSy
20HE B 22uH AdlTPE2 Daf-L4
B3 TosELL D3 Ls
B2 TOSEL2 D1 K3
AD Vssd . Do L2
I Sbﬁgggﬁééxxggétﬂ%-
N sWoOXEOO [ e]
3.3uF xo [a)
E2 O 2350033 7al8853232
Xtal
7.2MHz
HDI&
22pF:1: T22pF
<Note>

(1)This example of an application circuit is a circuit of reference, and does not
guarantee the characteristic.

(2)The capacitance value to be connected to the above crystal oscillator is the
reference value.
Before use, confirm by crystal supplier that oscillation is free from trouble
using the actual substrate.

(3)A bypass capacitor needs to be connected near the power supply terminal.

No0.A2164-24/26



LC72715PLG

Cautions

Operation at Reset and Standby

(1) Reset signal
After crystal was oscillated and stabilized, reset operation is performed by setting the RST pin input lgvelto V
less for 300ns or more at the supply voltagp )y of 2.5V or more. (See the figure below).
Be sure to perform reset operation at power ON.

2.5V
Supply Voltage S

RST

VIH
V|L(0-3VpD)

'y

300ns(min) !

(2) Pin state at reset
Refer to the list of pin functions.

(3) Reset operation range
The reset signal causes reset inside £&lising return to the initial state. Though the crystal oscillation circuit is not
stopped, the internal divider circuit is stopped.

(4) Data input after reset
If 300ns or more time has elapsed after completion of resetegfister write control circuit is ready for activation.

(5) Standby mode
Set the STNBY pin to the “H” level, and LSI enters ttendby mode. In this mode, all of LS| operations can be
stopped. After canceling of STNBY, the time is reqditill the crystal oscillation circuit becomes stable.
Digital pin output states during standby is the same as foddiesgluring reset. On the other hand, analog output
pins (FLOUT MREFVref) are L outputs (Vdda/2 is output during reset).
Similarly to the case of reset, the LSI inside is reset to return to the initial state.
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by NHK (Japan Broadcasting Corporation).
e The DARC is a registered trademarkNHIK Engineering Services,Inc. (NHK-ES).
e A separate contract with NHK-ES is required in advance for the manufacture

are related to DARC technology, and which are registered in Japan and suc
countries by NHK independently or in cooperation with a third party.
e DARC and the logo shown on the right-hand side can be displayed on ele

Please contact NHK Engineeringr@ees for further details.
Contact information: NHK Engineering Services,Inc.

Phone: +81- (0)3-5494-2400 (main)
URL: http://www.nes.or.jp/index.html

sales of electronic equipment in Japan and other countries that uses the patents

equipment that uses DARC technology by the conclusion of a contract with NHK-{

e The DARC (Data Radio Channel) FM nipléx broadcast technology was developed

and/or

ronic

T
=

W
o

DATA RADIO CHANNEL

*Note
The number of shipments of this LSI will be rejed to NHK-ES by SANYO Semic
(the number of samples is excluded)
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