Ordering number : EN4870E

CMOS LSI

LC72700E, LC72700G

SANYO

Mobile FM Multiplex Broadcast-Receiver LSI

Overview

The LC72700E and LC72700G are data decoder LSIs for
receiving DARC™ mobile FM multiplex broadcasts. A
multi-function, compact, adjustment-free system can be
implemented in two chips by combining this LS| with the
LV3400M band-pass filter IC, which extracts the
multiplex components from a composite FM signal.

Functions and Features

 Delay detection scheme using a 1T delay
* Built-in error correction function using a 2T delay
* Digital PLL clock regeneration

Package Dimensions
unit: mm

3156-QFP48E

[LC72700E] [LC72700G]
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SANYO: QFP48G

Conditions Ratings Unit
Max Vpp -0.3t0 +7.0 \Y
; Vinl CL, CE, and DI pins -0.3t0 +7.0 \%
Input voltage, -
VN2 Input pins other than V1 -0.3t0 Vpp +0.3 \%
Vourl DO pin -0.3t0 +7.0 \Y,
Output voltage -
Vout2 Output pins other than Voyrl -0.3t0 Vpp +0.3 \%
Output current lout BCLOCK, FCLOCK, and DO pins 0to 4.0 mA
Allowable power dissipation Pdmax | Ta<85°C 400 mw
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg —55to +125 °C

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN
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LC72700E, LC72700G

Allowable Operating Ranges at Ta=-40t0 +85°C, V=0V

Parameter Symbol Conditions min typ max Unit
Supply voltage Vbp Vop 4.5 5.0 55 \
Vil MSK, DATO to 7, RE, PST, S/P, PORTO to 2, RST,
Input high level voltage TEST1, TEST2
V2 CL, CE, DI
Vil MSK, DATO to 7, RE, PST, S/P, PORTO to 2, RST,
Input low level voltage TEST1, TEST2
V2 CL, CE, DI
Oscillator frequency Fosc *1
Input sensitivity Vy XIN, sine wave, capacitive coupling
Serial 1/0*2
Clock low level time toL CL
Clock high level time tcH CL
Data setup time tsy CL, DI
Data hold time tip CL, DI
CE wait time teL CL, CE
CE setup time tes CL, CE
CE hold time ten CL, CE
Data latch switching time tic
Data output time topo DO, CE 555 ns
Parallel 1/0*3
RE wait time tre RE us
RDY wait time torD RE, RDY 0.8 us
RDY output time troy RDY 2.2 us
PST input time tps PST Hs
PST hold time tey PST, DA ns
I/0 direction switching time toir PST, D 0.8 us
Note: 1. This LS| operates at a frequency of 7.2 MH
2. See the parallel data timing.
3. See the parallel data timing.
Electrical Characteristics i
Parameter min typ max Unit
Vpp - 1.0 Y
High level output voltage Vg — 04 v
e Vonl applicable pins 1.0 \Y
Low level output voltage: he Vo2 applicable pins 0.4 \Y
0.4 \Y
High level input - - ! hA
Vpp, input pins except 1 1 HA
=Vgs, CE, CL, DI -1 PA
VN = Vssg, in with pull-up resistors, RE, PST
e ~100 pA
ViN = Vss, MSK, RST -1 PA
Vo = Vpp, DO 5 PA
MSK, CL, CE, DI, RST 0.1Vpp v
Built-in feedback resi XIN, XOUT 10 MQ
Pull-up resistancé RE, PST, PORTO to 2, S/P 50 kQ
Current drain Ibp 16 25 mA
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Block Diagram
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LC72700E, LC72700G

Pin Descriptions

Pin No. Symbol Function 110 1/0 Circuit
3 MSK 76 kHz MSK signal input
29 CL CCB serial interface Clock input
30 CE Data control input
31 DI Data input
Input
44 RST System reset input pin (negative logic)
TEST1 Test pin 1 (normally connected to ground)
TEST2 Test pin 2 (normally connected to ground)
37 PST Parallel IF mode data settings
38 PORTO Port address 0
39 PORT1 Port address 1
40 PORT2 Port address 2
Serial/parallel IF switch
42
S/P (Serial mode when high) Aoz2413
50k0
25 RE Parallel IF mode data output control signal in D E
A02414
1 FILCK Reference clock output for the LV3400
N
CLK Clock regeneration monitor outp! | P ﬂ
DATA Demodulated data monitor out
A02415
21 BCLOCK
22 FCLOCK Output
23 BL-CK
24 FC-CK
26 RDY
27 RDYO
35 INT-R
13 DATO
14 DAT1 JI:]
15 DAT2
16 DAT3 110
17 DAT4 j
18 DAT!
A02416
Output I
A02417
W
46 . . Input | l—_| >°““""‘
stem clock oscillator crystal connection
47 Output
AD2418
2,34,43 Vop Power supply (+4.5 to +5.5 V) —
36, 45, 48 Vss Ground pin —
4,7,10
11, 12, 28 NC Not connected _
33,41

No. 4870-4/14



LC72700E, LC72700G

Serial Data I/O Scheme

1. CCB Format
The figure shows the Sanyo audio LS| serial bus format. Datais input and output over a CC
bus). This LSI uses an 8-bit address CCB format.

(computer control

Address
1/0 mode
BO B1 B2 B3 A0 Al A2 A3
Input 0 1 0 1 1 1 1 1 [16-bit control data in,

Output Data output

CE

CL

DI

Do

\—Fir'ut Data OUT

A03282

2. Serial Datalnput Timing

CE

DI

EXAB

x DIO X DI1 XDIE x XD!iZXDIiaxDIi4XIJI1'_":¥r

Internal data

A03283

_f"
m
)

|
%

— P tooo tDH—HE {r—
L
Do uool Dot x ooz | XDoaanoaesx:)ozesx o287 |
A03284

Note: * The DO pin is normally open.
Since the DO pin is an n-channel open-drain output, the time for the data value to change from the low level to the high level depends on the value
of the pull-up resistor used.

No. 4870-5/14




LC72700E, LC72700G

4. Serial Control Data Input Setting Values

Theinput data consists of 16 bits (D10 to DI115) of which the upper 8 bits (DI8 to DI15) are the control address
and the lower 8 bits (D10 to DI7) are the input data.

. Address
Register Data
DI11 | DI10 | DI9 DI8
Upper 4 bits Back allowed err
Allowed error count 0 0 0 0 -
Lower 4 bits Forward allowed etrors
. Upper 4 bits
Block error protection count 0 0 0 1 -
Lower 4 bits
. Upper 4 bits
Frame error protection count 0 0 1 0 -
Lower 4 bits
Error correction initial Upper 5 bits
0 0 1 1
threshold value Lower 3 bits
Readout (output) block number 0 1 0 0 0 to 189 (8 bits)

Note: 1. The data in address bits DI12 to DI15 is ignored.
2. The value of the data sent to set the protection count must be one less than

block forward protection count will be 8 and the frame back protection c:

Since a protection count of 0 is meaningless the LSI ignores this valu
3. The initial threshold value is the initial value used when executing err
unless some special experiment is being performed. The thresho
a data value of 7 sets the threshold value to 15 and a data value

addresses should not be used.

6. The default values are the values loaded into internal regi
require modification in normal operation. If the defaul
that inputs control data.

No. 4870-6/14



LC72700E, LC72700G

Structure of the Output Data

1. The output data consists of atotal of 288 bits (36 bytes). The first two bytes are status information.
2. CNT1and CNT2 are both output LSB first.
3. Corrected datais output in order starting with the first bit in each block.

4. The BIC codeis not output.

5. These points hold for both serial and parallel mode.
*: The CPU can easily select data by first checking the content of the status informati
is not required does not have to be read; rather, the CPU can cancel the remain
CPU can simply ignore data until the next interrupt.)

288 bits (36 bytes)

CNT1 CNT2 Corrected data
-~ |e-———>

7 6 4 3

onti: [vH [BLk [FIL [ERR |PRI

d 1 are unused and contain invalid data.

Correction OK

Error (uncorrectable data)

Indicates data for which frame synchronization was not achieved

Indicates frame synchronized data

Indicates data for which block synchronization was not achieved

Indicates block synchronized data

Output that was only corrected horizontally (synchronized output)

Output that was vertically corrected

4 3 2 1 0

[BLN4 [BLN3 [BLNz [BLN1 |BLNO |

BLN7 to BLNO: Expresses the block number or the parity block number of the output data. The block numbers within a

single frame range from O to 189, and the parity block numbers from O to 81.

Note that parity block datais not output for vertically corrected data.

No. 4870-7/14
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Parallel Mode Data I/O Methods

Data is input and output using the parallel data interface 1/O pins, INT-R (pin 35), RE (pin 25), RDY (pin 26), RDYO
(pin 27) and DATn (pins 13 to 20).

1. Basic Data Output Procedure
(1) Interrupt handling starts on the falling edge of INT-R.
(2) SetRElow.
(3) RDY goeslow temporarily and then goes high on output ready.
(4) After RDY goes high, read in the datafrom DATN.
(5) Return RE to high.
Repeat steps (2) to (5) until 36 bytes of data have been read in.

Note: The period that RDY islow is 2.2 us (typical). The CPU doe
timing. Also, RDYO is a signal that goes low when output i
The software logic for data acquisition can be simplifi
WAIT pin.

0) signal is input to the CPU

2. Parallel Data Output Timing

AD3285

A03286

e, set the internal register address of the data to be stored in PORTO to PORT2 (pins 38 to
40) and set the PST, pin £pin 37) low. Then input the data to DATn (pins 13 to 20). The PORTO to PORT2 inputs and the
data to be stored are acquired by the LSI on the rising edge of the PST signal. When the PST pin is low, the DATO to
DAT7 pins function as input pins. Note that the PST pin data store cycle must be 1 psor longer.

See the section on page 6 serial data |/O for notes and terminology descriptions concerning the data stored.

No. 4870-8/14
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PORT2 | PORT1 | PORTO Item Set data Default value
Upper 4 bits Back allowed errors 2
0 0 0 Allowed error count -
Lower 4 bits Forward allowed errors 2
o o 1 Block error protection Upper 4 bits Back protection count 1
count Lower 4 bits Forward protection coy 7
o 1 o Frame error protection Upper 4 bits Back protection couﬁ 1
count Lower 4 bits 1
0 1 1 Error correction initial Upper 4 bits
threshold value Lower 3 bits
1 0 0 Readout block no. 0 to 189 (8 bits)

4. Control Data Timing in Parallel Mode

PORTO to 2

DATOto 7

PST

DAT pin I/O
direction

Register set

Input data

-
Output
[—

tpp
tppz0

by --~--__><.-__.><-

A03287

nterface is Specified

Pin Pin No. Handling
PST (37) Leave open or connect to the power-supply (Vpp)
PORTO to 2 (380 40) Leave open or connect to the power-supply (Vpp)
DATAOto 7 (13 to 20) Leave open
RDY (26) Leave open
RDYO 27) Leave open
RE (25 Leave open or connect to the power-supply (Vpp)

Pin state

Handling

Connect to the power supply or ground

Connect to the power supply or ground

Connect to the power supply or ground

Connect to ground

bove are for the state immediately following a reset operation.
gnal is always output regardless of the mode.

No. 4870-9/14
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Circuit Operation at Reset

1. Reset Signa
The reset operation is executed by holding the RST pin input level under V,_ for 300 ns or lenger when the power-
supply voltage (Vpp) isover 3.4 volts. (See the figure.)
The reset operation is necessary to run thisLSl.

3.4V /

Vpp Vvoltage

RST

300ns min

2. Pin Outputs during a Reset

Low-level outputs: ...FILCK (1), CLK (5), DATO (13) to DA
FC-CK (24), DO (32)

High-level outputs: ...RDY (26), RDYO (27), INT-R (35

Note: In serial mode, the DATO to DAT7 pins are held &

output low levels during areset. :

3. Reset Operating Ranges
The output pins are stipulated to operate as de rding to areset signa. All the LS| internal
registers go the reset state. While the shift,fegi for 11 S0 go to the reset state, memory cellsare
not affected. However, since the memo ata cannot be maintained. The crystal
oscillator circuit is not stopped. ‘ \

. Datalnput Following a Reset

haI wh either frame synchronization is not achieved or horizontal correction completes and vertica
1ed, the data that is output could be called post-vertical correction data. However, the content of
to post-horizontal correction data.

is output.™®
correction is
that datawill bei

No. 4870-10/14
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Interface: Basic Control Items

To reduce internal memory requirements this LSI limits the data buffer (RAM) area to the minimum required. Since data
received by the LS| is written to the buffer with no gaps, post-correction data that should be may be overwritten by
new dataif there are any delays in data readout.

The output timings for vertically and horizontally corrected datafor thisL S| are stipulated

1. When the output datais ready, the LS setsthe DO pin low and dropsthe INT-R pi
2. Indataoutput, there are periods during which only horizontal data can be read ot
horizontal and vertical data can be read out time-division multiplexed. '
3. Thedatatransfer must be completed within 9 ms after the DO pin goes lo
data can be transferred during a period of about 18 ms.
Even if the controlling CPU is till reading out data, the datain the ou
after the stipulated period has elapsed.
4. Theamount of datathat can be read in asingle transfer request (IN
limited to only one block of data.
In principle, vertical datais read out in order starting with blo
Note that the parity block datais not output.

INT-R
ims —-_]‘

DO pin when only ———
horizontal data is output

| (horizontal data)

Data not guaranteed
period

8ss siaak-1-F.1-]

I N

DO pin when both
horizontal and vertical

data are output (horizontal data)

" Vertical data output period
A03288

tion in MSK demodulation blocks. Block synchronization is established by
Figure 2, the data from the nth packet (block) is available for output during

correction. The t defines the timing for the start of vertical correction execution. Horizontal correction is
performed for et during reception of packets (blocks) 1 to 28 in the nth frame, and data is passed to the CPU
interface. Vertical correcuon is performed for the previous frame (frame n-1) data during the idle periods in the reception
process. (However, note that frame and block synchronization must not be lost.)

Vertically corrected datais output at the rate of one block for every block received in order starting with the 29th packet
(block). A total of 190 blocks of data are output. Of the datain the FM multiplex broadcast data structure, only the data
blocks are output, and the last block, the 190th block is output while the 218th block is being received.

No. 4870-11/14
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DO (pin 32) Operation (only in serial mode)

Figure 4 shows the changes in the DO signal when data is not output by the CPU. When the output data is ready, DO
goes low and returns to the high level about 6 ms later. The data becomes invalid about 9 ms either DO or INT-R
goes low, and data can still be read even after DO goes high. (Horizontal data (only horizontal'data)-can be read out for a
period of about 18 ms.)

The reason DO goes high after 6 msis so that the CPU interface can handle applications
interrupt port.
When DO is low, there is guaranteed to be a window of at least 3 ms during which:di
software operation.) INT-R can be used as an edge trigger interrupt. Note that t
of INT-R isthe LSI's output buffer write period, and that data read during thisp

Packet 1 —— Data in packet n

Reception data BIC

3
T
'

H
—-ﬁ-—aoOns

r
i
. max
BL~-CK H
]

o
~~lle-300ns
11 max

INT-R I

i ims " Output

e

Data not guaranteed

A03289

Figure 2 Reception Dat

Frame n-1 ~——i
—

Reception block No. 271 aza

e N |

1t
—=— 62,58

FC-CK

INT-R

\ Output period for the vertically
&\ corrected data from the previous frame

A03290

ically Corrected Data Output Timing
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1
1}
18ms —
H
1

INT-R ims — F_

DO transfer request |
(vertical correction in —_— ]
progress) (horizontal data)

t
i
1
1

DO transfer request

(horizontal data)

——— -

&éms

Skip Function

For post-vertical correction data, only the data block data
The skip function jumps over the output data block sequer
However, note that the number specified must be for:
previous block number is specified, the post-vertica]? orrection. ¢

If the skip addressis transferred after vertical
at that point, but rather the data skip is perfor

I I I

(vertical) (horizontal) (vertical)
7 7
(s) (n+2) (S+1)
o

Skip address S transfer
AC3292

Figure 5 Address Skip
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was developed
registered trad¢
A separate G
electroni

d to produce and market
C technology. Note that
\RC technology may display

2y
nd

DATA RADIO CHANNEL

ained herein are intended for use in surgical implants, life-support systems, aerospace
rol systems, vehicles, disaster/crime-prevention equipment and the like, the failure of

and expenses associated with such use:
y responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO EBECTRIC CO., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.
m Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYO believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

This catalog provides information as of July, 1997. Specifications and information herein are subject to change
without notice.
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