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General Description;

The NS953M is an ultra-low-power FM stereo radio module designed for handheld
applications.

NS953M FM

Features;
Available for preset tuning to receive US / Europe / Japan FM band(76 to 108 MHz )
FM (76MHz 108MHz)
RF Automatic Gain Control (AGC) circuit

AGC

No external IF BPF and discriminator required for FM and less external parts
IF FM

Soft muting

High Cut Control(HCC) and Stereo Noise Control(SNC)
(HCC) (SNC)

I°C serial bus interface

I’C

Alignment-free stereo decoder

Standby mode

VDD(analog / digital) = 2.7 to 3.3V
2.7V 3.3V
Low supply current = typ. 8.0mA
8.0mA typ.
Operating Temperature = -20degC to +70degC
—20degC +70degC
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3.

Block Diagram ;

VDD
(Digital) RSSO

FM IN o~

O
RSSI

™~
76MHz to 108MHz [ |2 |

Xtal or
External Clock
32.768kHz

TUNING

MPX AFL
DECODER

SYSTEM

AFR

SCL SDA STO GND GND GND
ADR (Digital) (Case)
4. Absolute Maximum Specification ;
No ITEM SYMBOL MIN. MAX. UNIT
1 Maximum supply voltage VDD 03 36 Vv
5 Maximum input voltage VIN 0.3 VDD+0.3 Y
3 Storage temperature Tstg 30 +80 degC
Storage humidity 0
4 Notel Hstg 45 85 YoRH

5.

Notel : Refrain from dew condensation;

Electrical Specification;

No ITEM SPECIFICATION
1 Receiving system Super Heterodyne
o | Receiving frequency USA/EUROPE/JAPAN BAND 76MHz to 108MHz
3 IF center frequency 375KHzZ
4 Antenna input impedance 750hm unbalanced
750hm
5 Operating supply voltage DC 2.7V t0 +3.3V
6 Operating Temperature -20degC to +70degC

NIIGATA SEIMITSU CO.,LTD.
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6. Electrical Characteristics;
6.1. Standard Test Condition;

ITEM CONDITION
No.
1 Standard supply voltage DC +2.8V +/- 0.05V
5 Temperature +25 +/- 5degC
3 Relative humidity 65 +/- 5%RH
Unless designated, Filter is used.
Audio Filter
4 HPF 100Hz
LPF 15kHz
PRE-LPF 20kHz (STEREO)
5 Loading at audio output 100kohm
5 Standard clock frequency 32.768kHz
(xtal or external clock stability +/-50ppm max.)

Test can be done within the following conditions, when it is considered not to affect test
results. Temperature : +5degC to 35degC, Relative Humidity: 45 to 85%RH
+5 +35degC 45 85%RH

6.2. Circuit of Measurement;

ANTENNA (A4)

Signal
Generator

I ANTENNA GND (A5)

24pF

VDD (C2) X2 (F6) —
1 L
0.1uF

DC+2.8V ==

' X1 (F7) —L%{m
NI e 1kohm

#4»—17 VDD (A6,87,C7) T 0.1uF
0.1uF

GND (A2,A3,A5,81,82,83,86,D7,E1E7,G3) Clock

DC+2.8V

Synthesizer
32.768kHz

AFL (F1)
AC PORT!
AFR (D1)
Audio
Analyzer SCL (G5)

STO (G6) SDA (G4) Control
RSSO (C1) ADR (G2)

Electrical characteristics are results of measurements conducted by our original JIG.

NIIGATA SEIMITSU CO.,LTD. TOYOTA INDUSTRIES CORPORATION




6.3. Standard Input Signal;

Modulation frequency

1kHz

FM

Frequency deviation: MONO

22.5kHz

Frequency deviation: STEREO

67.5kHz+Pilot 7.5kHz

Standard signal level

60dBuV EMF

6.4. Dummy Antenna,;

~ .
: 750hm :
\ \
\ \
\ \
L |

SSG @

FM 1 signal;

—0

Lo

6.5. Electrical Characteristics Iltem;

VDD=2.8V+/-0.05V , Ta=25+/-5degC , fin=93MHz , fmod=1kHz , df=+/-22.5kHz
HPF=100Hz , LPF=15kHz , Load=100kohm

ITEM CONDITION MIN. TYP. MAX. UNIT
Usable sense.
(S+N)/N=30dB 12 20 dBuV EMF
SN ratio Vin=60dBuV EMF
df=+/-75KHz 50 60 dB
Harmonic distortion |\ 4By EMF 05 15 %
Vin=60dBuV EMF
. STEREO
Separation df=+/-67.5kHz 15 30 dB
+ Pilot +/-7.5kHz
PRE-LPF=20kHz
Audio outputlevel |\ . 5648 v EMF 50 75 100 mVrms
Audio output level
difference Vin=60dBuV EMF 3 dB
Supply current _
RF Input=off 8 11 mA
Stand by current 03 50 UA

NIIGATA SEIMITSU CO.,LTD.
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7.

7.1.

7.2.

Serial Interface(I’C-bus); (1’C-bus)

NS953 transmits and receives data by I?C-bus that consists of two wires, a serial data
line (SDA) and a serial clock line (SCL). Serial, 8-bit oriented, bi-directional data transfers
can be made at up to 400 kbit/s in the Fast-mode. However, as the set-up time of data,
200nsec or more are necessary [refer to 7.6.]. Other devices connected to the same bus

require more than 200nsec for data set-up time. It does not correspond to Hs-mode.

NS953 (SDA) (SCL) 2
I°C-bus 8
400kbit/s
200n [ 76 ]
200n Hs
I°C-bus Terminology:; I°C
The terms of the following table are defined by I*C.
1’C
TERM DESCRIPTION

Transmitter

The device which sends data to the bus

Receiver The device which receives data from the bus

The device which initiates a transfer, generates clock signals
Master and terminates a transfer
Slave The device addressed by a master

START Condition and STOP Condition;

START condition is surely needed for the beginning of data communications. STOP
condition is surely needed for the end of data communications. The situation, a HIGH to
LOW transition on the SDA line while SCL is HIGH, is referred to as START condition.
Moreover, the situation, a LOW to HIGH transition on the SDA line while SCL is HIGH, is
referred to as STOP condition.

SCL "H" SDA "H" "L
SCL "H" SDA "L "H"
SDA ; ; i i SDA
scL SCL
s P

,,,,,,,,,,

START condition

STOP condition

NIIGATA SEIMITSU CO.,LTD.
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7.3. Data Transfer;
Every byte outputted on the SDA line must be 8-bits long. Each byte has to follow an
acknowledge bit. Data is transferred from the most significant bit (MSB) first.
At data transfer, after the START condition(S), a slave address is sent. A data transfer
is always terminated by the STOP condition (P) generated by the master.

SDA 8
(MSB)
S)
P)

ACK; acknowledgement l ACK signal from slave ACK signal from receiver

r—=-1 o - lP |
I |
SDA | | p7 Y D6 ¥ >< D1 >< DO ¥ ¥ >< >< } >< }
| | __ _ -
T 1
} } MSB } Sr }
} } byte complete, I |
| | interrupt within slave } }
L o
} } clock line held low while | |
| | interrupts are serviced } }
L L
| | | |
| | | |
| | | |
| |
] J
START or clock pulse for ACK clock pulse for ACK STOP or
repeated START condition repeated START condition
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7.4. Acknowledge;

When Acknowledge-related clock pulse is generated by the master, the transmitter
releases the SDA line “HIGH” during the acknowledge clock pulse. The Receiver
outputs “LOW” during the acknowledge clock pulse “HIGH” per reception of one byte
(8bit data). If the master-receiver is involved in a transfer, it must signal the end of data to
the slave-transmitter by not generating the acknowledge on the last byte which is sent
out of the slave.

SDA
SDA "H" 1 8 )
"H" SDA "Lt

Release the SDA line(HIGH)
SDA " (HIGH)

Transmitter

NACK(master is receiver)

Dataoutput by r 7‘
T
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

NACK
Dataoutput by \
Receiver A N
/
ACK(master is transmitter)
ACK(
SCL from

Master | |
| | 1 2 8 9
'S | - T

START condition ACK; acknowledgement clock pulse for ACK
NACK; not acknowledgement

7.5. Software reset;
In order to avoid incorrect operation after starting power supply, input the following
signal bellow. When communication discontinuation occurs (reset microcomputer, etc),
the usual operation becomes possible by inputting the following signal bellow.

SDA |\ | o\ A
S | 1 2 /7 8 9 o Sr | P
Lo ] L] L]

START condition repeated START STOP condition

condition
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7.6. Electrical Specification and Timing for 1/0 Stages

n e o
\»‘ DENEN % | |
e ey |
\ \ M \ \
SDA \ \ \ \
[ [ J\ [ [
\ " \
\ \ t4 t2 7 a \ | 19
‘ ‘ — - —b‘ ‘
—— i 1 1
| | | |
SCL \ \ / \ /| \ \
\ [ = I < R o R b = | \
‘ 15, t6 t3 18 ‘
L L
START STOP
condition condition
Characteristics of bus lines;
ITEM SYMBOL STANDARD-MODE FAST-MODE UNIT
MIN. MAX. MIN. MAX.
SCL clock frequency feeL 0 100 0 400 KHz
SCL
Fall time of both SDA and SCL
SDA SCL tl - 300 20+0.1Cb 300 nsec
Rise time of both SDA and SCL
SDA SCL t2 - 1000 20+0.1Cb 300 nsec
High time of SCL
SCL "H” t3 4.0 - 0.6 - usec
Low time of SCL
sScLL” t4 4.7 - 1.3 - usec
Hold time for START condition 5 40 i 06 i Usec
Hold time of Data 6 50 ) 0 09 USec
Set-up time of Data 7 250 i 200 i nsec
Notel
Hold time for STOP condition 8 4.0 i 06 i Usec
Bus free time between a STOP and
START condition t9 4.7 - 1.3 - usec
Capacitive load for each bus line Cb i 400 i 400 OF
Notel; Be sure to be satisfied.
Serial Interface Voltage Level;
ITEM MIN. MAX. UNIT
H!gh level input voltage 0.7VDD VDD Vv
High
Low level input voltage 00 0.3VDD Vv
Low
Low level output voltage (open drain)
at 3 mA sink current:
Low
3mA
VvDD >2V 0.0 0.4 \%
VDD <2V 0.0 0.2VvDD V

NIIGATA SEIMITSU CO.,LTD. TOYOTA INDUSTRIES CORPORATION
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7.7. Definition of Bits in a Byte; 1

7.7.1.

7.7.2.

7.7.3.

Slave Address;

Slave address consists of the fixed address 110010 (unique to the chip) and of the
value set by the ADR pin. Therefore the ADR pin must be connected either with VDD or
VSS. Itis also possible to control as “LATCH IN”. This address is 7 bits long followed by
an eighth bit which is a data direction bit (R/W). When the data direction bit is "0", it
indicates a transmission (WRITE). When the data direction bit is "1", it indicates a

LATCH IN

request for data (READ).
110010 ADR
ADR HIGH LOW
8 (R/W)
IIOII Illll
< -
7))
o @
> 2
111,001 0 3 |2
|
Fixed address
ADR BIT R/W BIT
HIGH 1 READ 1
LOW 0 WRITE 0
Register Address;

The internal registers are 13 in full, so four bit data set at the MSB side are

neglected.

Register data;

13 MSB

<
n
o)

4

as7

Invalid Address

Valid Address

The data length of each register is 8 bit.

X % x(x|B B|E B
8

< r—-
n wn
v9) 09)
|0 | 0O | 0 | 0|0 O | O
N~ o | o |~ | W N | |O

NIIGATA SEIMITSU CO.,LTD.
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7.8. Command Format;

7.8.1. Individual Register Data Writing;
ADR Invalid address
/_/H
SDA| S 1 1 0 0 1 0 |(1/0| O 0 X X X x |1/0|1/0|1/01/0| O
H/_/\ ~
START condition Slave address Write ACK Register address ACK
L 1/0(1/0|1/0|1/0|1/0(2/0|1/0|1/0| O P
A A
Register data ACK STOP condition
From master to slave From slave to master
7.8.2. Individual Register Data Reading;
ADR Invalid address
/_/H N
SDA| S 1 1 0 0 1 0 |1/0| O 0 X X X X [(1/0(1/0|1/0(1/0| O —
H/_/\ v H—H—A H_J
START condition Slave address Write ACK Register address ACK
L Sr 1 1 0 0 1 0 |1/0| 1 0O (1/0(1/0|1/0(|1/0}1/0|1/0|1/0|1/0]| 1 P
%/_/\ ~ H_H_J
Repeated Slave address Read ACK Register data NACK

START condition

From master to slave

From slave to master

STOP condition

NIIGATA SEIMITSU CO.,LTD.
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7.8.3. Continuous Register Data Writing;

ADR Invalid address
/_/H N

SDA| S 1 1 0 0 1 0 |1/0| O 0 X X X x (1/0(1/0|1/0(1/0| O —

A > A A~
START condition Slave address Write ACK Register address ACK

L i/0(1/0f2/0|2/01/0f2/0}2/01/0| O |1/0|2/0|1/0(1/0|2/0|1/0|1/01/0| O

Register data ( of Register address ) ACK Register data ( of Register address+1 ) ACK
L 1/0(1/0|1/0|1/0|1/0(2/0|1/0|1/0| O 0 P
A A \p A A —
Register data ( of Register address+2) ACK Register data ( of Register address+n ) ACV

STOP condition
From master to slave From slave to master

By continuously transmitting data after the transmission of the initial setting address
data of the register data writing sequence, a data can be written in the continuous
register address area. This register address will increase one by one against the initial
setting address of the sequence and will keep increasing until the “stop condition” is
issued.

NIIGATA SEIMITSU CO.,LTD. TOYOTA INDUSTRIES CORPORATION
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7.8.4. Continuous Register Data Reading;

ADR Invalid address
/_/H N

SDA| S 1 1 0 0 1 0 |1/0| O 0 X X X x (1/0(1/0|1/0(1/0| O —

H_/\ v H_H_/\ H_J
START condition Slave address Write ACK Register address ACK

L Sr 1 1 0 0 1 0 |1/0| 1 0 (1/0}1/0|1/0|1/0}1/0|1/0|1/0(1/0| O —

H/_/\ ~ H_/
Repeated . Slave address Read ACK Register data ( of Register address ) ACK
START condition

L i1/0(1/0{1/0|1/0|1/0(21/0|1/0|1/0| O 1 P
A A N A A —
Register data ( of Register address+1) ACK Register data ( of Register address+n ) NA(V

STOP condition
From master to slave From slave to master

By “Master” returning ACK (0 data) after the readout of the first register address data
of the readout sequence, the register address will increase one by one, and it is
possible to continuously read data associated with each register address. When Master
does not return ACK (0 data), the register address does not increase.

ACK 0

ACK 0

NIIGATA SEIMITSU CO.,LTD. TOYOTA INDUSTRIES CORPORATION
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8. Software Control Specification;
8.1. Set Register(outline);
Set all register (RO to R13) to the “INITIAL” figures (refer to Register Map) when turning

IC power ON. Especially set PE (RO register) OFF first when turning IC power ON. When
IC power is ON, set all register (RO to R13) to the “INITIAL “ figures (refer to Register
Map) before setting PE (RO register) to 1, since each register is unfixed. Please see
register map for details. Set the “INITIAL” figure of the register map where the frame of
the map is colored. Set the register figure on your own for uncolored frames.

IC ON (RO R13)
PE(RO ) 0 ON
PE 1
MAP MAP
MAP

8.2. Standard Clock;
(1) When using a xtal oscillator, use one that the frequency stability is within +/-50ppm.

+/-50ppm
Referenced xtal
Maker Model F[kHz] | CL[pF] | Ri[kohm] | Co[pF] | C1[fF]

CITIZEN | CMR200T | 32.768 12.5 35 max. | 1.35typ. | 3.0 typ.

(2) When using an external clock, couple a capacitor and a resistor to the X1(F7) pin of
the module for clock input. Keep the input level of the clock between MIN.=0.4[Vp-p]
to MAX.=VDD [Vp-p]. Frequency stability is +/-50ppm max.
X1(F7)
MIN=0.4[Vpp] MAX=VDD[Vpp] +/-50ppm

8.3. PLL Setting Method; PLL PCNT
NS953M-36 can switch from the Upper of the super heterodyne method to the Lower,
according to the receiving state (the opposite as well).
PLL dividing value : PCNT(R1 , R2 resister) setting method
Lower:PCNT = (Receiving freq. — Intermediate freq. 375kHz) / 8.192kHz
(e.g.) Receiving freq. 76 MHz.
PCNT = (76000kHz - 375kHz) / 8.192kHz = 9231.6 = 9231 (round the decimal places down)
= 240Fh (hexadecimal number)
Upper:PCNT = (Receiving freq. + Intermediate freq. 375kHz) / 8.192kHz
(e.g.) Receiving freq. 76 MHz.
PCNT = (76000kHz + 375kHz) / 8.192kHz = 9323.1 = 9324 (round the decimal places up)

= 246Ch (hexadecimal number)
NS953M-36 Upper Lower
PLL : PCNT(R1,R2 )
Lower PCNT 375kHz /8.192kHz
76MHz
PCNT = (76000kHz - 375kHz) / 8.192kHz = 9231.6 = 9231 ( )
= 240Fh (16 )
Upper PCNT 375kHz [ 8.192kHz
76MHz
PCNT = (76000kHz + 375kHz) / 8.192kHz = 9323.1 = 9324 ( )
=246Ch (16 )
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RECEIVING FREQ. | . < - PCNT -
DESTINATION [MHz] Q.S ower pper PCNT STEP
R6[0]=0 R6[0]=1 BT
MIN. MAX. [MHZ] MIN. | MAX. | MIN. | MAX.
USA
88.1 107.9 0.2 29D4h | 3345h | 2A31h | 33A2h | 240r25
Europe 87.5 108.0 0.05 298Bh | 3351h | 29E7h | 33AEh 6 or 7
76.0 90.0 0.1 240Fh | 2ABCh | 246Ch | 2B19h | 12 0r 13
Japan 95.75 : TVich 2D7Ah 2DD6h ;
101.75 : TV2ch Preset 3056h 30B3h ;
107.75 : TV3ch 3333h 338Fh 4

8.4. LOBIAS Setting Method; LOBIAS

Change the LOBIAS (R7 register) as shown in the following table, according to the

receiving frequency.

LOBIAS(R7

)

RECEIVING FREQ.
[MHZ] LOBIAS
76 10 93.95 4
94 t0 99.95 3
100 to 108 2

NIIGATA SEIMITSU CO.,LTD.
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8.5.

STO Output Terminal; STO
For 1°C-bus readout, R8[7] register corresponds to STO output. There is also an
output from the STO terminal.
Select STO output signal according to the SWSTD (RO resister),
(1) When SWSTD=1, stereo determination is outputted.
When stereo, STO output=High
(2) When SWSTD=2, IF count determination is outputted.
When the IF count is within +/- 30kHz by IF frequency and RSSI=High, STO
output=High. Notel.
(3) When SWSTD=3, RSSI determination is outputted.
When the RSSI level is higher than the set value of SDREG (R3 register),
STO output=High
(4) When SWSTD=5, IF count determination is outputted.
When the IF count is upper than IF frequency and RSSI=High, STO output=High.
Note2.
(5) When SWSTD=6, IF count determination is outputted.
When the IF count is lower than IF frequency and RSSI=High, STO output=High.
Note3.
Notel,2,3
When IFCST (RO register) is set to 1, IF count will start. When IF count is completed,
IFCST (RO register) will be automatically set to 0. Do not write in registers between
1msec after setting IFCST (RO register) to 1. When IFCST (RO register) is set to 1,
write only in RO register without using "Continuous Register Data Writing".

1’C R8[7] STO STO
SWSTD RO STO
(1) SWSTD=1
STO =High
(2) SWSTD=2 IF
IF IF +/-30kHz RSSI =High STO =High
(3) SWSTD=3 RSSI
SDREG R3 RSSI STO High
(4) SWSTD=5 IF
IF IF RSSI =High STO =High
(5) SWSTD=6 IF
IF IF RSSI =High STO =High
IFCST RO 1 IF IF
IFCST 0 IFCST RO 1 1msec
IFCST RO 1
RO

STO Output Voltage Level; STO

ITEM MIN. MAX. UNIT
High level output voltage 0.8VDD VDD \
High

Low level output voltage 0.0 0.2VDD \
Low

NIIGATA SEIMITSU CO.,LTD. TOYOTA INDUSTRIES CORPORATION
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8.6. Register Map;

Colored frames indicate the registers that must be set “INITIAL".

ADDRESS DATA INITIAL
REGISTER NAME CONTENTS SELECTION 2T A TAaTAa D D DIDIDTDTD D (Hex)
3|2|1|o0|7|6|5|4|3|2]|1]0
PE Power SW OFF X | X[ X|X|Xx|Xx|x]O0 0
ON X[ X|X|X|X[|x]|x]|1
OFF X | X[ X|X|X|x]|0]X
MUTE Mute 0
ON X | X[ X|X|XxX|x|1]X
IFCST IF.count OFF X | X[ X[ X|x]|0]|x]X 0
trigger ON x| x|x|x|x|1]|x]|x | Notel
MOST mFoor:;SSm Sl\;ereo X | X | X|X (1) X | X | X 0
RO Stono olololo X | X | X |Xx X | X | X
. ereo OO0 |1 |x|x|Xx]|X
judgment
.IF count O[0|1|0|x|Xx]|Xx]|Xx
judgment
STDO RSSI
SWSTD output judgment O[O0 |1 |1 |x|Xx]|X]|X 1
. Ju O[1|0|1|x|x]|x]|X
judgment
. i O|1]|1]|0|x|x]|x]|x
judgment
R1 PLL ololo|1 240F
PCNT synthesizer Note2
program X | X Note3
R2 XSEL Xtal freq. 32.768kHz olol1lolX x| X |x|x|x]Xx 1
SYNTHE
FSEL reference 8.192kHz 1| x| x| x| X|x]|Xx]|X 1
freq.
75us
(uS) X | X[ X|X|X|x|x]O0
DEMP De-emphasis 50us 1
(Europe X[ X[ X|X|x|x|[x]|1
/Japan)
PESNC SN ON X | X[ X | X|XxX|x|1]X 1
R3 OFF/ON olol1l1
HCC
PEHCC OFF/ON ON X | X[ X|X|XxX]|1|x]|X 1
SEEK
SDREG judgment 0to 15 X[0]1|1|0|x]|Xx]|X 6
level
ACNT For test - O X[ X|X]|X]|X|X]X 0
SMTREG | Soft mute - x| x|x|x|1|/olo|o| 8
start point
R4 SNC 0(1]0]|0
SNCREG start point - 11101 |x|Xx]|X]|X D
HCC
RS HCCREG start point - ol1lol1 X[ X |x|x|x[1]0]|1 5
SEP For test - O[1]0|1 |1 |x]|x]|x B
Lower LO X[ X|X|X|Xx|[Xx]|x]|0
SLCTLO Select LO 0
Upper LO XX | x| x| x|x|[x|1
R6 AGR For test - O0|1|1|0|x|x|x|x|]1]0]|0]|Xx 4
X | X[ X|O0O| X |X|X]|X 0
IF AGR For test -
1100 | x| X |XxX|X]|X 4
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ADDRESS DATA INITIAL
REGISTER NAME CONTENTS | SELECTION [T T A TA [D|D|D[D][D[D[D[D| (Hew
3|2|1|0|7|6|5|4|3|2|1]0
LOBIAS For test - X|X|x|x|x|1|0]O0 4
R7 TRMGM For test - O/1 1|1 |{x|2]|0|0|21|x|x|X 9
BPFTST For test - O] X[ X[ X|XxX]|X]|X]X 0
DEMODR For test - X x x x|x|x0]1 =
X | X[ X[ X|x]|0]|x]Xx 0
RS RMXG For test - 11o0lolo|X[Xx]0]0 |1 |x|Xx]|X 1
PDETD For test - X[O [ X[ X|[X]|X]|Xx]X 0
PDETTST For test - O x| x| X|XxX]|X]|X]X No(:e 4
PDOFFDLY For test - X[ Xx|x|[x|[x|x|0]1 1
R9 PDR For test - 11002 |x|x|x|0]1|21]|x]|X 3
PDBGR For test - 0|10 |x|x|Xx]|X]|X 2
BGRTST For test - X|X|X|xX|xX|[x]|x]|O0 0
Reserved For test - X[ X|x|x|[x|0]0]Xx 0
R10 MPLJS For test - 10|20 |x|x|[Xx|O0|1]|x]|x]|X 1
MPLJH For test - X101 |x|x|xX]|Xx]|X 1
MPLTBSE For test - O x| x| X|XxX|X]|X]X 0
MPLMODE For test - X|X|[x|x|x|x|0]O0 0
R11 MPLISMP For test - 10|11 |x|x|[x|O0|1]21|x]|Xx 3
MPLVCOG For test - 100 x| x|x]|X]|Xx 4
J For test - X[ X|x|x|x|x|[x]O0 0
Reserved For test - X[ X[ x|[x|[x|x]|]0]x 0
R12 Cl For test - 11200 |x|x|x|x|O0|1]|x]|X 1
MPLVCIN For test - X | X[ X|0|xX|xX]|X]|X 0
Reserved For test - O[O0 |0 |x|[x|X]|Xx]|X 0
R13 MPLFV For test - 1{1/{0(12/0|0|jO0OjOjO|O|0O]O 0
Notel : After setting ON, automatically turns OFF.
ON OFF
Note2 : Lower: PCNT = (Receiving freq. - 375kHz) / 8.192kHz
PCNT = ( — 375kHz) / 8.192kHz
Upper : PCNT = (Receiving freq. + 375kHz) / 8.192kHz
PCNT = ( + 375kHz) / 8.192kHz
Note3 ; In the case of PCNT=9231 (for example) .
Change a decimal numbers to a binary-coded form.
PCNT=9231
10 2
9231-10010000001111 =RZ2[5], ,R2[0],R1[7], ,R1[O]
R1 PLL olojoj1|/0|0f0|0|1|1
PCNT synthesizer
program X|x|1|0|]0|1]0]|0
XSEL Xtal freq. 32.768kHz X1 X|X|X]|X]|X]|X 1
R2 SYNTHE o(o0f1|0
FSEL reference 8.192kHz 1| X | X[ X|X|X]|X]|X 1
freq.

Note4 ; On readout, output STO data.
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8.7. SEEK control sequence (example ; Lower LO); SEEK

Lower LO

First, whether a broadcast wave is near the setup frequency or not will be judged (RSSI

judgment).

Second, whether the IF frequency is 375kHz (the aimed frequency) or not will be judged (IF

count judgment).

IF 375kHz

Write register
SWSTD (RO[7:4]) = 2

Write register
IFCST (RO[2]) = 1

Wait > 10msec

Read IF count
judgment

IF count
judgment = High

Frequency change
PCNT(1)+6

Notel
\

Write register
SWSTD (RO[7:4]) = 6

Wait > 20msec

Write register
IFCST (RO[2]) =1

Write register
MUTE (RO[1]) = 1 Mute
Write register Set STO output
SWSTD (RO[7:4]) =3 as “RSSl judgment”
- - (2)
Addition of frquency *Subtraction in case of
(PCNT calculation) Down Tuning
Write register
PCNT(1)
1)
requency change
by 1step ?
Wait > 20msec Wait > 80msec
Read RSSI Read STO terminal
judgment
(3)
RSSI
Judgment = High
Note :
PCNT(1) is the PCNT value set up at (1) process.
PCNT(1) (1) PCNT

Lower LO : at (3) process PCNT(1)+6
Upper LO : at (3) process PCNT(1)-6

®

Set STO output
as “IF count judgment”

Read STO terminal

Set STO
output as
“J. judgment”
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Wait > 10msec

Read IF count
judgment

(C]

Note :

IF count
judgment = High

Frequency change
PCNT(1) 6
Notel

Write register
SWSTD (RO[7:4]) = 5

Wait > 20msec

Write register
IFCST (RO[2]) =1

Read STO terminal

Set STO output
as “Jy judgment”

PCNT(1) is the PCNT value set up at (1) process.
PCNT(1) (1)
Lower LO : at (4) process PCNT(1)-6
Upper LO : at (4) process PCNT(1)+6

PCNT

Wait > 10msec

4

Read IF count
judgment

IF count
judgment = High

Frequency return
PCNT(1)
Notel

Write register
SWSTD (RO[7:4]) = 1

Write register
MUTE (RO[1]) = 0

Mute cancel

End

Broadcast station is detected.
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9. Reliability Test Conditions;
ITEM CONDITION

No.

To meet the electrical characteristic specifications without a damage in
the external appearance after letting samples expose to temperature
-40degC and +85degC for each 500 hours, then under room
temperature and normal humidity for 2 hours.

-40degC +85degC 500 2

High/Low
1 | temperature storage

To meet the electrical characteristic specifications without a damage in
Temperature and the external appearance after letting samples expose to temperature
> | humidity bias +70degC and humidity 85% for 500 hou'rs' (VDD=3.4V burn-in), then
under room temperature and normal humidity for 2 hours.

+70degC 85% 500 VDD=3.4V

2
To meet the electrical characteristic specifications without a damage in
the external appearance, after letting samples expose to a 100 cycle
execution of a cycle defined as: -55degC for 5 min, transfer time for

Thermal shock less than 5min and +125degC for 5 min; then under room temperature
3 and normal humidity.
-55degC 5 5 +125degC 5 1
100

To meet the electrical characteristic specifications without a damage in
the external appearance, after vibration range of 100 2000Hz,

4 Vibration sweeping time 4minutes(round-trip), acceleration of 20G, vibration
applied for 48 minutes.
100 2000Hz 4 20G 48

10. PbFREE Solder Reflow Profile;

Peak Temp —M‘i
+230 to +260degC —
ramp rate .
< 3degClsec — P> vt
220degC
ramp rate | |
< 3degClsec —P | | :
| |
| |
190degC / i i
150degC . i i i
i i i Reflow i
ramp rate > | Lo Zone !
< 3degC/sec ! Preheat Zone o :
| N :
| | 1 20sec '
| I 1 to70sec |
Room Temp i< 60sec to 120sec ’E i‘ PE
! [ |
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11. Outer Dimension and Terminals for Connection;

e T o T o | rh s N s B s |
e
7081 1%
= F i % = |
q i D
d | B
g 5 | o )
—gh— N —-—-—{ T TP
g D | [ B
g I [y
q | D
Pl by : P gt
L : 1
£,62007 0,35 0,05
—_ =
|
[ .. ]
T r =) lfJ r =) =)
Fill up BGA under fill when mounting the module.
[Materials] Case Nickel silver (C7701)
Base Glass epoxy
Terminal Pb free solder ball
[ ] (C7701)
12. Marking;

Marking is performed with laser.

NS953M-36 —— Model Name;
AW —>  Model Name;
OOJ0000 ——>  Product Code(7digits);

(e.9) NM5 6 001

Q\

Pinl Identifier Month;

(10

0.Bx&=4.8
DL.BTYP
—
— | coodooo
o 00 | 09 f
|- O , O
L I e G
& 0 NeYe
S 1 &0 00
=00 o0
i | g

30-90,.47 5005
BIEE

The BGA land shape is NSMD.

BGA

7 )

—L Product Lot No.(3digits);

by, 12

NSMD
UNIT : mm

@)

(Oct. : X, Nov.:Y, Dec.:2)
X, 11
L~ Year(last 1 digit);
-~ Spec. Discernment Code;
- Manufacture Base;

1 Z)
(1)
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13. Assighment of Pins;

7
6
5
4
3
2
1
ABCDEFG
Top Through View
PIN NO. PIN NAME DESCRIPTION
Al NC No Connection
A2 GND GND
A3 GND GND
A4 ANT Antenna input (750hm)
A5 GND GND
A6 VDD VDD
A7 NC No Connection
Bl GND GND
B2 GND GND
B3 GND GND
B6 GND GND
B7 VDD VDD
C1 RSSO RSSI output
C2 VDD VDD(Digital)
C7 VDD VDD
D1 AFR Audio Output RIGHT
D7 GND GND
El GND GND
E7 GND GND
F1 AFL Audio Output LEFT
F2 GND GND(Digital)
F6 X2 Crystal oscillator input2
Crystal oscillator inputl
F X1 (3%/.768kHz clock irlloput)
Gl NC No Connection
G2 ADR IIC address select
G3 GND GND
G4 SDA Serial Data Input
G5 SCL Serial Clock Input
G6 STO Status Output
G7 NC No Connection
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14. Recommended foot pattern;

0.80 0.80 0.80 0.80 0.80 0.80
- H- &5—65E S5 DH—~& -G
3
)7 L/ [ T NI 7(
2
o
. Q- ~ - -
o
DH— — — —b
8
e A L a
DH— B e
8
o
D— > — & — @
S
= | | | | | | |
O— o— @O o O—P OX
Al / 30_(p 04i 10u
Top View
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15. Appearance Specification;
15.1. Marking;
(1) As for marking disappearance and partial marking lack, if the contents can be
deciphered, the defect will be unquestioned.

(2) As for a position gap of marking, it should not overflow from a shield case.

(3) Complete lack of marking, written mistakes and direction errors are regarded disqualified.

15.2. Shield Case;
(1) As for cracks and discoloration the shield case, if the contents of marking can
be deciphered, the defect will be unquestioned.

(2) As for deformation of the shield case, if the contents of marking can be deciphered,
the defect will be unquestioned as long as the external form specification is fulfilled.

(3) As for complete lack of the shield case will be regarded disqualified.

15.3. Base;
(1) As for cracks and peelings of the solder resister, it will be regarded as disqualified when
the wiring pattern is exposed.

(2) As for unevenness of the solder resister, it will be unquestioned as long as the external
form specification is fulfilled.

(3) As for the fuzz of the cutting plane of the base, if the length of it is within one mm, it will
be unquestioned.
Imm
(4) As for the soldering of the shield case insertion part, 1/4 or more of the base side hole
area should be covered with solder.
1/4

15.4. Solder Ball;
(1) As for a position gap of solder ball, it must be within +/-0.15mm from the determined
position.
+/-0.15mm
(2) Crack of the solder ball should be 1/3 or less of the diameter of the solder ball.
1/3
(3) Solder ball bridge and a double solder ball will be disqualified.

(4) A total lack and shortage of the solder ball is regarded disqualified.
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16. Notes of use;

16.1.

16.2.

Notes of designing the board.;
(1) Follow the conditions written in the specification.

(2) This module should not be stressed when installed.
(3) Keep this module away from heat sources

(4) Use stable power supply and be careful not to add over voltage, opposite voltage,
noise and spike.

(5) Keep this module away from high-frequency noise area.

(6) Follow the conditions of interface specifications when using control signals to control
this module.

(7) Use the specified impedance for the input/output terminals.

(8) If the serge electric discharge to the antenna is assumed, inserting a serge absorber
as far as possible form the point between the A4 pin (ANT) connection line and the A5
pin (GND) connection line.

Ad (ANT) A5 (GND)

Notes of installation;

(1) Baking process cannot be done on the embossed tape. Please carry out the ICs on a
tray specified by our company and conduct the baking process under the condition of
+125+/-5degC 22 26 hours. Please be sure to carry out reflowing within the appointed
time [15.4 (1)].

+125+/-5degC 22 26
[15.4 (1)]

(2) Please refer the reflow data[9" section] of this production. It is possible to reflow this
module 2 times.

[ 9 1
2
(3) This module should not be stressed or vibrated when reflowed.
(4) Do not wash the module.
(5) Refer to the recommended pattern when designing the board.
(6) Be careful of distortion of the shield case, when installing this module.

(7) Do not install the product by moisture-proof coating.

(8) Fill up BGA under fill when mounting the module.
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16.3.

16.4.

16.5.

Notes of usage conditions;
(1) Be careful against static electricity.

(2) Do not use a module once fallen.
(3) Do not remove the shield case.
(4) Follow the descriptions for power supplying.

(5) Do not touch the pins directly by bare hands. May deteriorate the soldering strength.

Notes of storage;

(1) When stored in moisture-proof bag under storage conditions 30degC, 65% RH (Relative
humidity) or less, the shelf life will be within 6 months (from date of shipping). After the
bag opened, it must be reflowed to a PCB within 168 hours with the stored condition
30degC, 65% RH or less (Max 2 times). When the appointed period has exceeded after
opening the bag, please carry out the baking process on the tray specified by our
company under the condition of +125+/-5degC, 22~26 hours.

30degC 60% RH ( ) 6
( ) 30degC, 60% RH 168
(2 ) +125+/-5degC
22 26
(2) Store in the environment of no heat, high humidity, dust nor corrosive gas.

(3) Dropping or piling by bulk may cause damage.

Notes of others;
(1) This specification sheet includes know how and copyrights we own. Please do not
disclose this to any third party.

(2) Please do not use this product for purposes not agreed with Toyota Industries Corporation.

(3) Be sure to provide an appropriate fail-safe function on your product to prevent
secondary damages that may be caused by an abnormal function or a failure of our
product. We assume no responsibility whatsoever for accidents resulting in injury or
death, fire accidents and other serious accidents by unsuitable use.

(4) We assume no responsibility whatsoever for the use of any circuits described herein.
Conveys no license under any patent or other rights and makes no representations
whether the circuits are free from patent infringement or not.

(5) Any questions about the provisions of this document or any other matters that are not
provided in this document shall be solved by negotiation between the two parties.
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17. Revision;

Date;

Revision;

Issued

Approved

2005/05/19

First Edition

K.Kuwano

H.Miyagi
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