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CMCS IC

LC72707E

SANYO

FM Multiplex Receiver IC Supporting

All Worldwide Standards

Overview

The LC72707E is a data demodulation IC for receiving
FM multiplex broadcasts for mobile receivers in the
DARC format. In conjunction with a bandpass filter IC
(either the LV3400M or the LV3403M), the LC72707E
can form a compact yet high-functionality FM multiplex
reception system, This IC provides built-in DRIS system
data processing decoder for Digital DJ CO.,LTD. Since
supporting all the FM multiplex frame structures (methods
A, A%, B, and C) in the ITU-R recommendations, this IC is
optimal for uvse in radios for FM multiplex system,
Note that a contract with Digital Incorporated is required
to evaluate this IC and to produce end products th
suppart DRIS.

Applications

» Receivers for DARC format mobile rec
muitiplex broadcasts

+ FM multiplex receiver for the worldwid
of Digital DJ Incorporated.

Functions

MSK detector stage)
. Digital PLL based clock re

+ 7.2-MHz crystal oscillat
« Conforms to the DRI I'ormg{( ¥ Digital DJ Incorporated

SANYOQ: QFP4dMA

ik of SANWO ELECTRIC CO., LTD.

. CCB"R; SILLYO’S origl us format and all the bus
addresse&aré‘cgmmﬂed by SANYO.

« DRIS is an’ \ab\bfthiﬂatlon of Digital DJ Radio
Information Servim

s DRIS s an FM multiplex broadcasts mobil recelving
aystem which supports not only one-to-multiptex
tranamission but ona-to-ons informatioen trans

mission.
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LC72707E

Specifications
Absolute Maximum Ratings at Ta = 25°C, Vg5 =0V
Parameter Symbol Condllons Rafings Unit
Maximum suppiy voltage Vpop max o, ~0.310+7.0 v
nout volta Vel | CE, CL, DI, RST, STNBY S 20310470 v
nput voltage e
put voliag V2 | Pins other than Vi1 0.3t Vpy+0.3 v
Vourt [nle] v
Qulput vollags ouT
Voure Pins othar than Voyrt v
Qulput current lour BLOCK, FLOCK, DO mA
Allowable power digsipation Pdmax | Ta<85°C
Qparating lemperalure Topr
Slorage temperature Tslg
Allowable Operating Ranges at Ta = —40 to 85°C, Vgz =0V
Parametar Symbol Condltlons Uit
max
Supply voltage Voo 5.6 v
Inout highvlavel volta Vil CL, CE, DI, RST, STNBY 55 v
nput high-lavel voltage i
putiig & Va2 | MSK ] : Voo | V
i1 lias o the samg piis as v, 0.4V v
Input fow-love! voltage ut | App e s oo
Yy 2 Appliss to the sgme pins as: 0.9 Vpp v
. This IC opergtegat freq
Oscillator frequency Fose +250 ppm_p?’egfsi on. 7.2 MHz
With a cabat
1500 | mVrms
Input sengitlvity
800 | mVims
[Serial ¥O*j
Ciack low-loval time 0.7 ps
Clock high-level time 0.7 ps
Data setup time 07 [1H]
Data hald time 0.7 Hs
GE walt img o7 ps
CE setup tima o7 us
CE hold ime o7 us
Data latch change time ar us
Data oulput time 277 555 ns
07 1S
to +5.5 V, in the allowable operating ranges
Ratings
Condlions 9 Unit
min typ max
lg = ¥ mA, FLICK Vpp=1.0 v
lg = 2 mA, BLOCK, FLOCK, INT, CLK186,
DATA Voo - 0.4 v
lp = 1 mA, applies to the same pins as Vo1 10 v
ip = 2 mA, applies to the same ping as Vo2 0.4 v
Ig=2mA, DO 0.4 v
U Vin = 55V, CE, GL, DI, AST, STNBY 1.0 A
Input high-love! curréht,, . I p
Vi = Vnn, input ping other than 1 1,0 uA
VN = Vg, MSK, CL, GE, DI, RST, STNBY, | pa
input low-level currant W | TPO 10 TPB, TRCY to 2, TOSEL1 fo 2, TEST
Oulput off leakage current lorr | Vo = Vpp, DO B pA
Hysterasis voltage Vs | MBK, CL, CE, DI, RST, STNBY 0.1 Vop v
Intamal feedback resistor R Xin. Xour 1.0 Ml
Currant drain loo 18 25 mA
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LC72707E

Electrical Characteristics (2) at Vpp = +2.7 to +3.6 V, in the allowable operating ranges

Ratin:
Paramater Symbol Conditlons g Unit
min tvp max
Voul Ig = 0.5 mA, FLICK Voo —-1.0 3 v
Output high-level voltage Vor2 lg = 1 mA, BLOCK, FLOCK, INT, CLK18, Vop -04

DATA

Yol Ig = 0.5 mA, applies 10 the same pins as Vo1
Outpul low-level voltage Vo2 | lo=1maA, applles to the same ping as Vo2
Vo3 |lo=1ma, DO
w1 |y =55V, CE, CL, DI, RST, STNBY
Input high-lgvel current
hL2 Vin = Yoo, Input pins othar than hyl
!nput low-lavel current I ¥gl0=t Ve, MSK, CL, CE, DI, RST, STNBY . pPA
o TPA, TPC1 o 2, TOSELY 10 2, T‘E%]‘
Quiput off isakags currant lage | Vo = Vop, DO ¢ PA
Hystarasls voltage VHIS [MSK, CL, CE, DI, AST, 5TNBY v
{ntamal {eedback resisior [N Xin, XouT : ™
Currant drain oo mA
Block Dlagram

MSK signal input

"y

Fan

P
>—'|1T de1ai]

>—-|2T dalai]
o

Pin Assignment

LCT72707E

QFP-24MA

corection
| Layer 2 CRC
Data
lAddress
DRIS processing
: Memory array
Output contre!
{GPU) imarface}
3858%E
ADEESD
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Pin Functions

Pln Mo, | Pin Name Function e Circuit type
7 MEK 76-kHz MSK signal [nput {from the LV3400M/D3M}
26 CL CCB serlal Interface Clock input
27 CE Data control inpul
28 ] Data input Input
a2 RAST System resel Inpul (active low)
30 STNBY | Standby mods {active high)
44 TEST Tast (Must ba connected to ground during nomial operation.)
8 TPQ
12 TP1
i3 TP2
i4 TP3
15 TP4
16 TPS
17 TP6 Must be conngcied 10 eilher Vpp of Vgs.
18 TR7
19 TP8
6 TPCA
8 TPC2
20 TOSEL1
21 TOSEL2
4 FLICK [ Reference clock output for the LV3400M/03M
10 CLK16 Clock regensration monitor
i DATA Damodulated data moniter
23 BLOCK
22 FLOGCK
24 CRC4
25 INT
™~
34 Ico Output L~ (]
35 IC1 v,
38 IC2
a7 IC3
3g IC4
4 IC5
42 ICé
43 IC?
output | ————
ADBESS
l'i'l'
nput ] Dc
Cutput
3 . ADDOSA
531,38 | Voo Prmr SUpply (+2.7 10 6.5V) —
3,33, 40 Vgs | Growdd -
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Data VO Technlgues

* CCB Technique
Sanyo audio ICs input and output data using the Sanyo CCB (computer control bus) standard which is a serial bus
format. This IC uses an 8-bit address CCB and uses the following addresses.

IO mode Address
80 | B1 | B2 | B3 | A0 | A1 | Az | A3
Input 0 1 1] 1 1 1 1 1 | 16-bit controd data input
Qutput 1 1 0 1 1 1 1 1 | Data output for the input clock {CL)
Input 0 0 1 t 1 1 1 1
X80 X Bt X B2 X 83 X A0 X Al X A2
Data Input Timing

Toulorafoins

bitic

Slnce the DO pln Is's n-chan nel gpen grain pin, the lime required for the data to ¢hange from the low |evel 1o the high level depends on the valus of
ihe pull-up reslstor,
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Layer 4 CRC Data Input Timing

IEL—3—4IES ;
CE : ;
ICHM—sisitCL ‘EHe

o 7L SplplplgnnBeWal
tay HD

oo Jeofeifeefea]ao]a]alas Terolcni]cre] In2 Nt IN
GRCA pin oulput

Note: The Nitems ave 8-bitunts. 1§ | |

Serial Control Data Input Settings

bits (DI0 to DI7) are the input data. Bits DI12 to DIIS are ignored,

Flegister Addrass Dafauli
%0 DIt | D0 | Dig | Dig satting
2
Numbar of allowabla BIC arrors 0 0 0 0 2
1
Numbear of block enor pretection slates 4] 0 0 1 e 7
Upper 4 blis rame baclkwafd protection 1
Mumber of frame error protection slates 0 0 1
bha | Frame wmara pratection 7
Contro! register 0 0

* Number of Allowed BIC Errors
This 1C's synchromz.auon cwcml

(used when synchronized) and the
independently. The default value i

recommend setting the backw

deﬁnes 8y 2,

hé Backward case, namely, the protection count is incremented when the timing of the

,prmecuo scounter value to be 1 at the point where a match or a mismatch occurs between the IC

operatcs

ee- running counter does not match that of the received BIC, and the protection

internal tlmmgan e received BIC timing. For example, a backward protection count of 2 corresponds to the case
where the IC m'gemal timing and the received BIC timing match two times consecutively. To set the protection data
to new values, applications must send data in which 1 has been subtracted from the desired values, e.g. to set up
protection counts of 3 as shown in figure I, applications must send the value 22H. Similarly, if the value set is Q0,
due to the definition, the protection counts for both the forward and backward directions will be st to 1. However,

from an operation standpoint,

this corresponds to operation equivalent to there being no protection circuit. The

default values are a forward protection count of 8 and a backward protection count of 2. We recommend resetling
the block synchronization backward protection count (0 a vatue more strict than the default,
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¢.g. 1o a value of 3 or more as opposed to the default of 2, if the block synchronization recognition output (the
BLOCK pin, pin 23} is used to recognize the presence or absence of FM multiplex data.
+ Frame Synchronization Error Protection Count
This IC detects the four unique BIC inflection points that exist in a single frame, and increments or decrements the
prolecuon counter depending on whether or not the IC mtemal frame synchromzauon counter ah:hes. The data values

forward protection and 2 for backward protection.

+ Control Registers
These registers are used to set the IC operating mode. These are described later. #

* Notes
— The address bils DII2 to DILS are ignored.

—- The default values are the values reloaded into the 1nterna| ngIS{ rs whit
values are the recommended values for normal operauon, ,a‘ngf normal

Fieceived dala 1 1 A

Synchronlzation
counter BIC position

BLOCK

ock Syn __ronlzat n Protection Operation
Dr \aﬁ“@-—) backward — forward)

automauc
CITors m
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Control Register
0 1 2 3 4 5 [+ 7
Conlrgd register I FRAME I RTIB VECHALT | ECSTOP | SYNCRST | INT MOVE | DOMOVE | CRC4 RAST
Bil Function Inltial value

L | Method-B

0 | FRAME L
H | Method-A

1 | AT L | Real-tima informatian blocks presant {whan mathod A Is selacted)
H | No realtime Information blocks present (When method A is selectadi

2 |vecHaLT L | Vertical comestion and second horizontal correction; enabled
H | Vertical comection and sacond honzontal correction: disabled -
L | All functions operats.

3 | Ec stop - X L

4 | SYNC RST L L
H | Only the synchronization circult is reset.

5 |t Move L | Only (he cormection completa, layer 2 CRC eomplete. aﬁd data L
H | All data @s output. {Operatlon identical Lo that al“ thé LC72700E .

o | oo move L | The high-leval (high-Impadance) stale Is hakl af times oifio L
H | The DO pin changas with the INT pln. {Qgartion Id ‘the LCT2700E)
i . - :

7 | CAC4 RST m

Detailed Descriptions

« VEC HALT
Setting this flag swops all IC operations relateq -
data following the first correction.

« EC STOP
This flag stops all operations {includin RAM a
all IC operations are stopped in slandﬁ rnodq m

In the method A ﬁ‘aqw structure in the ITU-R recommendations, a total of 12 data biocks have been inserted in the
parity data area, in which the 82 consecutive blocks of parity information are held. This flag must be set if this IC is
used in systems that do not have these real-time information blocks {(RTIB). Note that il the state of this flag is
changed, frame synchronization will be held for the lime corresponding to the forward protection count and then wil)
swilch 1o the unsynchronized state. Applications must use the SYNC RST flag to reset the synchronization circuit to
reestablish fratne synchronization more quickly.
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Structure of the Output Data

¢ The output data consists of a total of 288 bits (36 bytes). The first two bytes are status information, and data is output
in a single data block unit.

¢+ CNT! and CNT2 are output LSB first.

* The corrected data is output starting with the first bit in the data block.

« BIC codes are not output, s

Note: The CPU can easily select data by dlscnmmatmg the status mfonnauon at f'1rst du;mg data regﬁau_ 'Qata that is

288 bils (36 bytes) )

CNT1 | CNTZ Corrected data 178 bits

¥ CRC shﬁgmglster Not all zaros.
2 Layer 4 CFlC;,*shﬂil raglster: All zaros (no errera}

H Data l'a} 1116 firs! block is balng output
Noffna'i tlock data
Parily block data

£rror comeciion and CRE check 0K
Elher an uncorrectable srror or the NG CRC check

WWMWMMMM|
Indicates dain recetved with frama synchronizalion achiaved |

Inclcaies daia recalved wih block syncironization rot achieved|
Indicates data recetved with block synchronization achiaved |

CiHput with horizonial correction only
Culput aher vertical corection

was high
+ The H_ AE) ﬂag g \"Ty il t"or hﬁmonlal correction data output, i.c. when VH is 0.

2

.\-\\’ 2 1 0
‘[BLNs |81Ns |BLNe |BLNs |BLN2 |BLN1 |BLNo |

CNT2: |BLNZ

BLNKO to BLNK7: Indicates either the block number for the output data or the parity block number, The data blocks in
a single frame are numbered O to 189, and the parity blocks are numbered O to 81.
Parity block data is not output for post-vertical correction output.
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Operation During Reset and in Standby Mode

+ The Reset Signal
A reset operation is performed by holding the RST pin input level under VIL for at least 300 ns when the power-supply
voltage (Vpp) is over 3.4 V (or over 2,5 V when a 3-V Vpp is used.) See the figure below. Applications must apply a
reset when power is first applied or when power is reapplied.

3.4V
@50 A
¥pp vollage _———/
RST
o

300 ng min.

« Pin Outputs During a Reset
Low-level outputs: FILCK (4}, CLK16 (10), DATA (11}, FLOCK
(37), IC4 (39), IC5 (41), 1C6 (42)
High-level outputs: INT (25), XOUT (2)
Open: DO (2%

* Reset Operaling Range

), ICO (34) to IC3

Rin oulpms during a reset” above. The IC
internal ﬂlp flops are all reset. Allhough the delay sh; ' reglstefskm 330 reset ﬂw mernory array is not influenced.

+ Standby Mode
The IC can be set to standby mode by se

\Nole that after standby mode has been cleared, a wait
stably.) The pin output states in standby mode are

des in single block (272 bits) unit. An error check using the
A, the IC prepares for transfer of the data to the CPU and outputs

— Packet data that céuld not be corrected by either horizontal or vertical correction is not output.

Note that, as is the case for horizontal correction output, all received packet data can be acquired by setting bit 5 (INT)
in the control register, However, the parity packet data corrected by vertical correction cannot be output even if this flag
bit is set,
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+ To prevent unnecessary error correction, the vertical correction is not applied to packets that were fully corrected by
horizontal correction or to packets that had no errors.

* Vertical correction is executed when all packet data in the object data was received while frame synchronization was
established and not all of the packet (block) data was corrected by horizontal correction. Vemcal correction is nol
performed if a whole frame of data with no errors is received, or if the frame was no wehronized. Also, the
corresponding post-vertical correction output data is not output. "

« All data can be output, regardless of the correction complete/incomplete, synchronized “nsythr
data/packet status or other conditions by seiting bit 5 (INT) in the control register to 1.

m\ ~yeception,

CPU interface Basic Restrictions

and vertical dala can be oulput.
» Data transfers must be completed within about 9 ms afte

1, and the parity block data is not outpul

INT ms

Onky horizental
dala ouiput

Figure 3 shows the tir

shed by recognizing the BIC code. As shown in figure 3, the data for the
f the next packel, packel number n + 1.

lorizontal correction is performed on each packet, data is passed to the CPU, and the
Prraice ssmg*’l e during that interval is used to apply vertical correction to the data from the previous
). The peSk‘verucal correction data (190 blocks of data) is output in order starting when the 29th packet
(block) is rece‘fvgd”att sate of one block of output data for every block received, Of the data in the FM multiplex
broadcast frame strtlal,ul:e, only the data in the data blocks is output, and the 190th block (the last data block) is output
while the 218th block is being received. As discussed previously (page 10), of the post-vertical correction output data, the
packet data for which horizontal correction completed fully is not output (the INT signal is not issued). However, it is not
the case that the vertical output is speeded up by the amount of the packet data that is not output. For example, if data
packets 1 to 100 were fully corrected in horizontal correction, the point that the 101st post-vertical correction packet data
is output will not be the reception position block number 29 in figure 4, but the reception position of packet data number
129.

No. 5970-11/15
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Packet (N=1) «—  FackeldataN 5 > Packel (N + 1)
Reception data BIG ~ Bic |
FA
* 4 18ms »
g .
INT H
T Oulput porod for packat cata (N 1)

Frame N - 1 Frama N
Reception block numbar 271 212 2
BIC perlod n “ ﬁ “ “ —
Fid
N r =7 ¥ 1T
Tmy H X
: 10 X 20 = 504 my ' Quiput giartod for the post-varilcal

oglion data Irom the previous frame
A

Notes on Qutput Data Selection During Tuning (Provided ?&rt%ference Purposes. )
A tumng system IS reqmred in an FM multiplex broaﬁ@ast re

* Set bil 4 (SYNC RST) in the control register durj
+ If bit 5 (INT) in the control register is enablea

ablished

“thie procéssmg through crror correction (layer 2) without

above procedure to command the
relationship between the stations j

No. 5970-12/15
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Differences In Data Output between this IC and the LC72700E (Provided for reference purposes.)

The LC72700E provided all data that could be provided to the microcontroller in the later stages of the system, and was
designed so that the microcontroller was required to decide whether to accepl or discard the data by checking the status
output. For example, a received data packet could be output as post-horizontal correction da,m “and then again, a few
seconds later, could be oulput as post-vertical correction data. Data with no errors, or data, hal"'mill’d\ be corrected by
horizontal correction was output twice as identical data. This IC implements the conditions:shown on p&ge "'}O\{m "Notes

oes nof«aulput data

_-'lrol fmﬂu@}i dpot mfluan:ed by the INT MOVE flag,

R

c‘)ﬁ% if the INT

is rcqulrcd in appllcauon software design.

Methods for Supporting the Different Frame Fo

function.

METHOD
A
A
B
C

Invalid status:

ame synchronization information

arity packet information

Frame head information

RTIB information

Data block number and parity packet number information
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Connection Example (Provided for reference purposes.)
Control Micro

il
—]
| S

LCT2707E

8 CFP-440A

1IIIIHHIIIIIIIUI]IIIIUU

jm«
| TTH 8

LVI400MD3M

RLLLILIE

SWIFT Frame Structure (Provided for reference purp

Bica | Datablocks {1 1080)
g aics |
BIC2
g Parity {horizonlal)
R é
. 4 ; :
i Partty thorizontal)

BLOCKS suau.mJ

CRC !  Parlly (horizontal)

{CAC  Paiy (horzontal)
Real Ume Information blocks (4 blocks) & CRG | Paty horizontal)
Parity blacks {vertical) 20 blocks
[5s bila|
190 bits "" 82 bite

While horizontal correction is petformed for the real-time information blocks (RTIB), vertical correction is not, The
vertical correction process uses 272 packets that do nol include the RTIB, which consists of 12 packets. The time
required to transmit a single frame is 5.112 seconds, which is 18 ms x 284,
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Address inquiries concerning DRIS sysiem to : Digital DJ
Incorporated

1375 McCandless Drive

Milpitas, CA 95033-8023

Telephone : +1-408-946-8500
Facsimile : +1-408-946-8600

Japan Research & development Center
The 2nd Umemura Bldg., 3-24-3
Yeyogi, Sibuya-ku, Tokyo 151 Japan
Telephone : +81-3-5352-6924
Facsimile : +81-3-5352-6925

Engineering Service (NHK-ES).

DARC technology.

The DARC (Dala Radio Channel) FM multiplex broadcast
technology was developed by NHK (Japan Broadcasting
Corporation). DARC is a registered trademark of NHK

A separate contract with NHK-ES is required in advance
for the manufaciure and/or sale of electronic equipment
that uses DARC technology. Note that the logo shown
here can be displayed on elecironic equipment that uses

Announcement
Sanyo Electric Co., Ltd. reports to NHK-ES data fg
number of units of this IC shipped after Octob:
(However, this does not apply (o samples.)

jolntly or sevarally,

herein are Intanded for use In surgical implants, [Ifa-supporl systems, aerospace
systems, vahicles, disasier/crime-preventicn equipment and tha llke, the fallure of
ause Injury, death or property loss.

SANYO‘E&@ RIC CO., LTD., its afflllates, subsidiarias and distributors or any of their officers and employaes

B Information (Including circuit diagrams and clrcuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYQ belleves Information herein Is accurate and rellable, but no guarantees are made or Implled
ragarding Its use or any infringemanis of intellectual property righte or other rights of third paries.

This catalog provides information as of May, 1998. Specifications and Information hereln are subject to change

without notice.
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