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1. General description

The TEF6903A is a single chip car radio integrated circuit with FM/AM tuner, stereo
decoder, weak signal processing and audio processing. Radio Data System (RDS)/Radio
Broadcast Data System (RBDS) demodulator for radio data reception is included.

FM tuner with double conversion to IF1 = 10.7 MHz and IF2 = 450 kHz with integrated
image rejection for both IF1 and IF2; integrated channel filter with variable bandwidth
control; capable of US FM, Europe FM, Japan FM and Eastern Europe FM. AM tuner with
double conversion to IF1 = 10.7 MHz and IF2 = 450 kHz; capable of Long Wave (LW),
Medium Wave (MW) and full range Short Wave (SW) (11 m to 120 m bands).

Multiplex (MPX) stereo decoder, ignition noise blanker and extensive weak signal
processing.

Audio processing with flexible source selection, volume, balance, fader, input gain control
and inaudible tuning mute. The application of an external processor is possible. Integrated
audio filters for bass and treble and loudness control function.

The device can be controlled via the fast-mode 12C-bus (400 kHz) and includes
autonomous tuning functions for easy control without microcontroller timing. No manual
alignments are required.

2. Features

FM Radio Frequency (RF) front-end with large dynamic range
Integrated FM channel filter with controlled bandwidth

Fully integrated FM demodulator

Fully integrated stereo decoder with high immunity for birdy noise
FM noise blanker with adaptive detection at MPX and level

Signal quality detection: level, AM wideband, frequency deviation, ultrasonic
noise/adjacent channel

FM weak signal processing: stereo blend, high cut control and soft mute

AM RF Automatic Gain Control (AGC) control circuit for external cascode AGC and
PIN diode AGC

Dual AM noise blanking system

AM weak signal processing: high cut control and soft mute

Low phase noise local oscillator

In-lock detection for optimized adaptive Phase-Locked Loop (PLL) tuning speed
Crystal oscillator reference with low harmonics

Inaudible soft slope tuning mute for AM and FM

Sequential state machine supporting each tuning action
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3. Quick reference data

Integrated RDS/RBDS radio data demodulator
Flexible audio input source selection
Integrated audio processing and tone filtering
Treble, bass and loudness tone control
Volume, balance, fader and input gain control
Optional connection of external sound processor, navigation voice or beep input
Audio controls with Audio Step Interpolation (ASI) for pop-free function
Compact Disc (CD) dynamics compression
Volume Unit (VU)-meter audio level read-out

Integrated car radio

Table 1:  Quick reference data
Symbol Parameter Conditions Min  Typ  Max Unit
Supply voltage
Vee analog supply voltage on pins VCC, 8 8.5 9 \Y,
VCCPLL, VCCVCO, VCCRF,
AMMIX20UT1, AMMIX20UT?2,
MIX10UT1 and MIX10UT2
Supply current in FM mode
lcc total supply current inclusive lygo - 102 - mA
Supply current in AM mode
e total supply current inclusive lygo - 89 - mA
AM overall system parameters
frune AM tuning frequency LW 144 - 288 kHz
MW 522 - 1710 kHz
SW 23 - 26.1 MHz
Vsens sensitivity voltage fre = 990 kHz; m = 0.3; - 50 - 1\
fmod = 1 kHz; Bap = 2.15 kHz;
(S+N)/N = 26 dB; dummy aerial
15 pF/60 pF
SIN ultimate signal-to-noise ratio 54 58 - dB
THD total harmonic distortion 200 WV < VRe<1V;m=0.8; - 0.4 1 %
f/_\|: =400 Hz
IP3 3rd-order intercept point Af = 40 kHz - 130 - dBuv
FM overall system parameters
fune FM tuning frequency 65 - 108 MHz
Vsens sensitivity voltage (RF input voltage Af = 22.5 kHz; foq = 1 kHz; - 2 - [\Y
at (S+N)/N = 26 dB) DEMP = 1; B =300 Hz to 22 kHz;
measured with 75 Q dummy
antenna and test circuit
(S+N)/N maximum signal plus noise-to-noise V; =3 mV; Af = 22.5 kHz; - 60 - dB
ratio of MPXAM output voltage fmod = 1 kHz; DEMP = 1;
B = 300 Hz to 22 kHz; measured
with 75 Q dummy antenna and test
circuit
THD total harmonic distortion Af =75 kHz - 0.5 1 %
TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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Integrated car radio

Table 1:  Quick reference data ...continued
Symbol Parameter Conditions Min  Typ  Max Unit
IP3 3rd-order intercept point Af = 400 kHz - 120 - dBpv
Stereo decoder path
Ocs channel separation femmpx = 1 kHz 40 - - dB
S/N signal-to-noise ratio fupxamin = 20 Hz to 15 kHz; 70 - - dB
referenced to 1 kHz at 91 % FM
modulation; DEMP =1
THD total harmonic distortion FM mode; DEMP = 1; measured - - 0.3 %
with 15 kHz brick-wall low-pass
filter; fMPXAMIN =200 Hz to 15 kHz
Tone/volume control
Vimax) maximum input voltage THD = 0.2 %; Gy = -6 dB; 2 - - \%
pins INAL, INAR, INAC, INAD,
INBL, INBR, INC and IND
THD total harmonic distortion configured as non-inverting, single - 0.02 0.1 %
ended inputs; faugic = 20 Hz to
10 kHz; V; =1V (RMS)
Gyol volume/balance gain control see Table 83
maximum setting o - 20 - dB
minimum setting - -75 - dB
Gstep(vol) step resolution - 1 - dB
Gireble treble gain control TRE[2:0] = 111; TREM =1 - 14 - dB
TRE[2:0] = 111; TREM =0 - -14 - dB
Gstep(ireble)  Step resolution gain - 2 - dB
Gpass bass gain control BAS[3:0] =0111; BAM =1 - 14 - dB
BAS[3:0] = 0111; BAM =0 - -14 - dB
Gstepbass)  Step resolution gain - 2 - dB

[1] The input gain setting ING and the volume setting VOL define the overall volume. The overall range is limited to —-83 dB to +28 dB. For
values > +28 dB the actual value is +28 dB. For overall values < —83 dB the actual value is mute.

4. Ordering information

Table 2:  Ordering information
Type number |Package

Name Description Version
TEF6903AH  QFP80 plastic quad flat package; 80 leads (lead length 1.6 mm); body 14 x 14 x 2.7 mm SOT496-1

TEF6903A_1

© Koninklijke Philips Electronics N.V. 2006. All rights reserved.

Preliminary data sheet

Rev. 01 — 13 February 2006

30f 110

www.DataSheetdU.com



WO MF1aYSEIRd Mk

199ys elep Aleulwiiaid

900z Arenigae4 €T — TO Aoy

0TT 0¥

T VE06943L

IV 9002 ‘A'N S91U01308]3 sdijiud MlipjuIuoy &

XTAL2 MPXAMOUT PROUT
XTALL MPXAMIN nc. INAL INAR INAC INAD INBL INBR INC IND PLOUT INPL  INPR
| | | | 1 | |
76 |75 72,73, 74 71] 70] 69 68| [67 66 |65 |64 ‘54 ‘53 lse lss
from/to EXP SEL. 1, 2 61
] l I { ana———— AGND
60
H H I H H INPUT GAIN, H LFouT
. STE:;"EO NOISE HIGH DE-EMPHASIS INPUT EXP VOLUME, LOUDNESS, ExXP |H FR gg RFOUT
vceveo— DECOSER BLANKER cut 50 is/75 pis SELECT SEL.1 BALANCE, TBRAESéSL'E SEL. 2 | FADER = LROUT
H H I H H  muTeE H RROUT
Thcc soft mute T
snc AUDIO STEP INTERPOLATION
VCOFDB—] ‘ ‘ ‘
52
SNC | Hce | sm ﬁf ADDR
VCOTNK— AM NOISE MULTIPATH tuning U
DETECTOR g 51
LEVEL, mute | scL
VCOGND — ADJACENT CHANNEL, 2C-BUS
— MODULATION AND TUNING
FMNOISE OFFSET STATE 50, spa
DETECTOR t
— DETECTION resef MACHINE
CPOUT +—] hold swap U
VTUNE «—| WEAK SIGNAL AND fast >
FM BANDWIDTH readhold o
CONTROL LOGIC U dig=}—— DGND
BW RDS
VCCPLL— 3 Di 48 RDCL
PLLGND I DEMODULATOR 47 RDDA
i.c.— 46
rds RDSGND
vTemM —
vice—}? l =
TEF6903AH o LEVEL LEVEL
ne. Lol 90° Loz 90 ifbw e 44 vee
DAAOUT +— v v 90° =
X~ = I y and B enp
FMMIXLIN o uxer MIXER o DEMODULATOR
— 42
vref VREF
40
FMMIXLIN2 — 25 | | 41
AM IF NOISE Ay
+——  DETECTOR IF COUNT o Veo
iFM Lo1 Lj)z
FM/AM 1
IFMAGC o }
iam CASCODE MIXER — ,
TRFAGC ‘ ‘ t CONTROL MIXER I DEMODULATOR
38
rf rf ic. dc mix1 ifl
|17 |18 19 |20 |21 [22 23 24 25 |26 27 |28 |29 |34 |35 36|37 38 [39/40 |30, 31, 32, 33
‘ ‘ ‘ ‘ ‘ ‘ 00822000
VCCRF RFGND IAMAGC | VDCPIN | VAMCAS ~ AMMIX1DEC | AMMIXIREF | MIX1OUT2 | IFLDEC AMMIX20UT1 TAMIFKAGC | AMIF2IN nc.
i.c. VAMCASFB AMMIXLIN MIX10UT1 IFGND IFLIN AMMIX20UT2  AMIF2DEC
Fig 1. Block diagram of TEF6903AH

'S

welabelp »o0|g

olpel Jed parelbau|

VE0694dL

sJ019npuodIwas sdijiyd



Philips Semiconductors

TEFG6903A

6. Pinning information

Integrated car radio

TEF6903A_1
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Fig 2. Pin configuration for QFP80
6.2 Pin description
Table 3:  Pin description
Symbol Pin Description
CPOUT 1 charge pump output
VTUNE 2 tuning voltage; 3 mA charge pump output
VCCPLL 3 tuning PLL supply voltage
PLLGND 4 PLL ground
i.c. 5 internally connected; leave open
VTCM 6 IF filter reference voltage
VTC 7 IF filter center voltage

© Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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Table 3:  Pin description ...continued

Symbol Pin Description

IFMAGC 8 PIN diode current FM AGC
TRFAGC 9 FM and AM RF AGC time constant
n.c. 10 not connected

n.c. 11 not connected

n.c. 12 not connected

n.c. 13 not connected

DAAOUT 14 antenna DAA output

FMMIX1IN1 15 FM mixer 1 input 1

FMMIX1IN2 16 FM mixer 1 input 2

VCCRF 17 AM/FM RF supply voltage

RFGND 18 RF ground

IAMAGC 19 PIN diode current AMAGC

i.c. 20 internally connected; leave open
VDCPIN 21 AM PIN diode DC bias voltage
VAMCASFB 22 feedback for cascode AM AGC
VAMCAS 23 cascode AM AGC

AMMIX1DEC 24 AM mixer 1 decoupling

AMMIX1IN 25 AM mixer 1 input

AMMIX1REF 26 AM mixer 1 reference

MIX10UT1 27 AM and FM mixer 1 output 1 at IF1
MIX10UT2 28 AM and FM mixer 1 output 2 at IF1
IFGND 29 IF ground

n.c. 30 not connected

n.c. 31 not connected

n.c. 32 not connected

n.c. 33 not connected

IF1IDEC 34 AM and FM mixer 2 decoupling
IF1IN 35 AM and FM mixer 2 input

AMMIX20UT1 36 AM mixer 2 output 1 at IF2
AMMIX20UT2 37 AM mixer 2 output 2 at IF2
TAMIFKAGC 38 AM IF AGC and FM keyed AGC time constant

AMIF2DEC 39 AM IF2 input decoupling

AMIF2IN 40 AM IF2 input

V60 41 input for FM filter and demodulator supply current

VREF 42 reference voltage for noise decoupling

GND 43 ground

VCC 44 8.5V supply voltage

LEVEL 45 AM and FM level voltage output

RDSGND 46 RDS ground

RDDA 47 RDS/RBDS demodulator data and quality output

RDCL 48 RDS/RBDS demodulator clock input or output
TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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Table 3:  Pin description ...continued

Symbol Pin Description

DGND 49 digital ground

SDA 50 12C-bus SDA input and output

SCL 51 12C-bus SCL input

ADDR 52 12C-bus slave address select input

PROUT 53 audio output to external processor; right channel
PLOUT 54 audio output to external processor; left channel
INPR 55 audio input from external processor; right channel
INPL 56 audio input from external processor; left channel
RROUT 57 right rear audio output

LROUT 58 left rear audio output

RFOUT 59 right front audio output

LFOUT 60 left front audio output

AGND 61 analog ground

XTAL1 62 crystal oscillator 1

XTAL2 63 crystal oscillator 2

IND 64 audio input D, signal input

INC 65 audio input C, common mode or signal input
INBR 66 audio input B, right channel

INBL 67 audio input B, left channel

INAD 68 audio input A, right channel inverted (or other options)
INAC 69 audio input A, left channel inverted (or other options)
INAR 70 audio input A, right channel

INAL 71 audio input A, left channel

n.c. 72 not connected

n.c. 73 not connected

n.c. 74 not connected

MPXAMIN 75 MPX and AM audio input to radio processing
MPXAMOUT 76 MPX and AM audio output from tuner part
VCCVCO 77 VCO supply voltage

VCOFDB 78 VCO feedback

VCOTNK 79 VCO tank circuit

VCOGND 80 VCO ground

7. Functional description

7.1 FM mixer 1

The FM quadrature mixer 1 converts FM RF (65 MHz to 108 MHZz) to an IF frequency of
10.7 MHz. The FM mixer provides image rejection and a large dynamic range. Low and
high injection Local Oscillator (LO) can be selected via the 12C-bus.

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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7.2 FMRF AGC

AGC detection at the FM front-end mixer input with programmable threshold. When the
threshold is exceeded, the PIN diode drive circuit sources a current to an external PIN
diode circuit, keeping the RF signal level constant. Keyed AGC function is selectable via
the 12C-bus and uses the in-band level information derived from the limiter. The AGC PIN
diode drive circuit can optionally deliver a fixed current; this local mode can be used for
search tuning on absolute RF levels. In AM mode, the FM AGC PIN diode drive circuit can
be set to source a fixed current into the external FM PIN diode circuitry.

7.3 FM mixer 2

The FM quadrature mixer 2 converts 10.7 MHz IF1 to 450 kHz IF2 and includes image
rejection with the integrated channel filter. Two gain settings can be selected to
compensate for high ceramic filter insertion loss.

7.4 FM IF2 channel filter

The order and dynamic range of the FM IF2 channel filter is designed for operation with
only one external ceramic filter. The filter characteristic is optimized to combine high
selectivity with low distortion. The bandwidth of the filter can be set to a range of fixed
settings or automatically via the bandwidth control algorithm. When the automatic mode is
selected the bandwidth depends on the signal conditions.

7.5 FM limiter and level detection

The limiter amplifies the IF filter output signal, removes AM modulations from the IF signal
and supplies a well defined signal for the FM demodulator. From the limiter also the Radio
Signal Strength Information (RSSI) is derived which is converted to a suitable level voltage
with minimum temperature drift.

7.6 FM demodulator

The fully integrated FM demodulator converts the IF signal from the limiter to the
FM multiplex output signal with low distortion.

7.7 Center frequency and bandwidth tuning and center frequency DAA

The center frequency as well as the bandwidth of both the IF filter and demodulator are
coupled to the crystal reference frequency. A coarse alignment (IFCAP) sets the circuit
operating range and the center frequency fine adjustment is achieved with a 6-bit
alignment (IFCF).

7.8 Bandwidth control algorithm

The bandwidth of the IF filter can be selected with 5 bits, directly via 12C-bus or
automatically via the bandwidth control algorithm. The bandwidth control algorithm
detects the amount of adjacent channel interference, the deviation of the desired signal,
detuning, multipath and signal strength to define the optimum bandwidth setting of the
IF filter. Flexibility on the algorithm settings is provided via the 12C-bus control.

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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7.9 VCO and dividers

The varactor tuned LC oscillator together with the dividers provides the local oscillator
signal for both AM and FM front-end mixers. The VCO has an operating frequency of
approximately 160 MHz to 250 MHz. In FM mode the VCO frequency is divided by 2 or 3.
These dividers generate in-phase and quadrature-phase output signals used in the

FM front-end mixer for image rejection. In AM mode the VCO frequency is divided by 6, 8,
10, 16 or 20 depending on the selected AM band. The amplitude of the VCO is controlled
by a digital AGC to ensure a safe oscillation start-up at a wide range of the loaded Q.

7.10 Crystal oscillator

The crystal oscillator provides a 20.5 MHz signal. A divider-by-two generates in-phase
and quadrature-phase mixer frequencies for the conversion from IF1 to IF2 including
image rejection. The reference divider generates from the crystal frequency various
reference frequencies for the tuning PLL. Also timing signals for the sequential machine
as well as references for the integrated FM channel filter, the stereo decoder and the
integrated audio filters and the RDS demodulator are derived from the crystal reference.

7.11 Tuning PLL

The tuning PLL locks the VCO frequency divided by the programmable divider ratio to the
reference frequency. Due to the combination of different charge pump signals in the

PLL loop filter, the loop parameters are adapted dynamically. Tuning to different

RF frequencies is done by changing the programmable divider ratio. The tuning step size
is selected with the reference frequency divider setting.

7.12 Antenna DAA

For FM operation the antenna Digital Auto Alignment (DAA) measures the VCO tuning
voltage and multiplies it with a factor defined by the 7-bit DAA setting to generate a tuning
voltage for the FM antenna tank circuit (RF selectivity). In AM mode the DAA setting
controls a fixed voltage.

7.13 AM RF AGC control

The AM front-end is designed for the application of an external Junction Field Effect
Transistor (JFET) low noise amplifier with cascode AGC and PIN diode AGC both
controlled by an integrated AGC control circuit. Four AGC thresholds of the detector at the
first mixer input are selectable via 12C-bus. Detectors at the RF mixer input and at the
AMIF2 input prevent undesired overload (see Figure 41). AGC information can be read
out via 12C-bus. The PIN diode current drive circuit includes a pull-up current source for
reverse biasing of the PIN diode, when the AGC is not active to achieve a low parasitic
capacitance.

7.14 AM mixer 1

The large dynamic range AM mixer converts AM RF (144 kHz to 26.1 MHz) to an IF
frequency of 10.7 MHz.

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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7.15 AM IF noise blanker

The spike detection for the AM IF noise blanker is at the output of the AM front-end mixer.
Blanking is realized at the second AM mixer.

7.16 AM IF AGC amplifier and demodulator

The 450 kHz IF2 signal after the ceramic channel selection filter is amplified by the
IF AGC amplifier and demodulated.

7.17 AM level detection

The IF2 signal used for AM IF AGC and demodulation is also used in the limiter circuit for
in-band level detection.

7.18 AM and FM level DAA

The start and slope of the level detector output are programmable to achieve level
information independent on gain spread in the signal channel.

7.19 AM and FM IF counter

The output signal from the limiter is used for IF counting in both AM and FM.

7.20 Tuning mute

A soft slope tuning mute is controlled by the sequential machine for different tuning
actions to eliminate audible effects of tuning and band switching.

7.21 FM stereo decoder

A low-pass filter provides additional suppression of high frequency interferences at the
stereo decoder input and the necessary signal delay for FM noise blanking.

The MPX signal is decoded in the stereo decoder part. An integrated oscillator and pilot
PLL is used for the regeneration of the 38 kHz subcarrier. The required 19 kHz

and 38 kHz signals are generated by division of the oscillator output signal in a logic
circuitry.

By means of a 19 kHz quadrature detector the pilot PLL oscillator frequency is locked to
the incoming 19 kHz stereo pilot. A pilot level voltage derived from a 19 kHz in-phase
detector is used for stereo detection and for generation of an anti-phase 19 kHz signal to
remove the pilot tone from the audio signal.

The signal is then decoded in the decoder part. The L-R side signal is demodulated using
the 38 kHz subcarrier and combined with the main signal to the left and right audio
channel. A fine adjustment is done by adjusting the gain of the L-R signal. A smooth mono
to stereo takeover is achieved by controlling the efficiency of the matrix by the SNC signal
from the weak signal processing block.
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7.22 FM and AM AF noise blanker

The FM or AM tuner operation selects between two noise blanker operations optimized for
FM or AM ignition noise suppression.

In FM mode the noise blanker operates as a modified sample and hold circuit with
ultrasonic noise detection on MPX and detection of noise spikes on level.

In AM mode the audio signal is muted during the interference pulse triggered by slew-rate
detection of the audio signal.

7.23 Fixed high cut and high cut control

The high cut part is a low-pass filter circuit with seven bandwidth settings. The cut-off
frequencies of the filter curves can be selected to match different application requirements
(fixed high cut).

The high cut circuit also provides a dynamic control of the filter response, the High Cut
Control (HCC). This function is controlled by the HCC signal from the weak signal
processing.

7.24 De-emphasis

The signal passes the low-pass filter de-emphasis block and is then fed to the source
selector. The de-emphasis time constant can be selected between the standards of 50 ps
and 75 ps.

7.25 Weak signal processing

The weak signal processing block detects quality degradations in the incoming signal and
controls the processing of the audio signal accordingly. The weak signal processing block
has three different quality criteria: The average value of the level voltage, AM components
on the level voltage (WAM = wideband AM) and high frequency components in the MPX
signal (USN = ultrasonic noise).

In the weak signal processing block these signals are combined in specific ways and used
for the generation of control signals for soft mute, stereo blend (stereo noise control, SNC)
and HCC. Detector time constants of soft mute, HCC and SNC can be selected
independently.

In AM mode soft mute and HCC are controlled by the average value of the level voltage.

7.26 Audio step interpolation

The tone/volume blocks of source selector, volume/balance, bass/loudness, fader and
output mute include the Audio Step Interpolation (ASI) function. This minimizes audible
pops by smoothing the transitions in the audio signal during the switching of the contraols.

7.27 Source selector

The source selector selects one out of several input sources:

* One internal stereo signal (AM/FM tuner)
¢ Eight input pins allow many combinations of external sources by means of flexible
input selection

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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Four of the eight input pins can connect to:
— 1 stereo signal with differential input (CD-symmetrical)

— 1 stereo signal with common mode rejection (CD-2) and 1 mono signal (e.qg.
BEEP)

— 2 stereo signals (AUX and AUX-2)
— 1 stereo signal (AUX) and 2 mono signals (e.g. NAV and BEEP)

The other four input pins can connect to the same options and allow additional
connection to:

— 1 stereo signal and 1 mono signal with common mode rejection or differential input
(PHONE)

Alternatively the 8 input pins can connect to 2 stereo signals with common mode rejection
and 1 stereo signal or 1 mono signal with common mode rejection or differential input.

7.28 VU-meter read

The input audio level of external sources can read out via the 12C-bus. Audio level
information is available on a logarithmic scale. In radio mode the AM or FM modulation
index is available in the same way.

7.29 Volume and balance

The volume/balance control is used for volume setting and also for balance adjustment.
The control range of the volume/balance control is between +20 dB and —75 dB in steps
of 1 dB.

7.30 CD compression

Dynamic volume compression is available for external input sources. This option is
generally used for audio from CD or other digital formats to reduce the very high dynamic
range of these signals into a range suitable for the car environment.

7.31 Bass

The bass tone control stage controls the low audio frequencies with a modified shelve
curve response. The control range is between +14 dB and -14 dB in steps of 2 dB. Four
different filter cut-off frequencies can be selected.

7.32 Treble

The treble tone control stage controls the high audio frequencies with a shelve curve
response. The control range is between +14 dB and —14 dB in steps of 2 dB. Four
different filter cut-off frequencies can be selected.

7.33 Loudness

An integrated loudness function can be activated which controls bass and treble in relation
to the user volume setting. The control range of the bass frequencies is limited to 20 dB
and the optional treble range to 4 dB. Different volume ranges can be selected for the
loudness control.

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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7.34 Fader

The fader is located at the end of the tone/volume chain. The balance between the front
and rear channel can be controlled by attenuation of either the front or the rear channel.
Control range is 0 dB to —64 dB with a step size of 1 dB. Optionally the fader attenuation
can be activated for front and rear channels together.

7.35 External processor 1/0

The tone control output signal is available on two pins. Furthermore two input pins allow
connection to the fader block for front and rear line outputs, or alternatively for rear output
only. This allows connection of an external sound processing circuit for equalizing,
surround sound or sound stage positioning. Also input or mixing of an external signal
source like navigation voice or beep can be realized.

7.36 RDS/RBDS demodulator

The RDS demodulator recovers and regenerates the continuously transmitted RDS or
RBDS data stream that may be part of the FM MPX signal and provides the signals clock
(RDCL) and data (RDDA) for further processing by a hardware or software RDS decoder.
Unbuffered demodulator output and buffered 16-bit output mode are available. The output
modes are compatible with stand-alone demodulator devices as well as digital and analog
signal processor standards. In case of buffered output mode additional RDS Quality
(RDQ) demodulation quality information is available optional.

8. 12C-bus protocol

SDA and SCL HIGH and LOW internal thresholds are specified according to both 2.5 V
and 3.3 V 12C-bus, however also SDA and SCL signals from a 5 V bus are supported. The
maximum 12C-bus communication speed is 400 kbit/s in accordance with the 12C-bus fast
mode specification.

| S | SLAVE ADDRESS W | ACK-s | MSA | ACK-s | DATA | ACK-s | P |

\— data transferred 4

(n bytes + acknowledge)

001aad051

Fig 3.  Write mode

| S | SLAVE ADDRESS R | ACK-s | DATA | ACK-m | DATA | NA | P |
\— data transferred 4
(n — 1 bytes + acknowledge) 001aad049

Fig 4. Read mode
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Table 4.  Description of | 2C-bus format

Code Description

S START condition

Slave address W 1100 0000b for pin ADDR grounded
1100 0010b for pin ADDR floating

Slave address R 1100 0001b for pin ADDR grounded
1100 0011b for pin ADDR floating

ACK-s acknowledge generated by the slave

ACK-m acknowledge generated by the master

NA not acknowledge generated by the master

MSA mode and subaddress byte

Data data byte

P STOP condition

8.1 Read mode

Application restriction to use the read mode  : Read transmissions should not be
stopped after read byte 4 (IFBW) since this will disturb level read-out, weak signal
processing and bandwidth control. Read transmission can be stopped after any of the
other read bytes 0 to 3, 5 or 6.

The read data is loaded into the 12C-bus output register at the ACK clock pulse preceding
the data byte.

Table 5: Read register overview

Data byte Name Reference

0 IFCOUNTER Section 8.1.1

1 LEVEL Section 8.1.2

2 USN/WAM Section 8.1.3

3 MOD Section 8.1.4

4 IFBW Section 8.1.5

5 ID Section 8.1.6

6 TEMP Section 8.1.7
TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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Table 6: IFCOUNTER - format of data byte 0
7 6 5 4 3 2 1 0
IFCM1 IFCMO IFCS IFCA IFC3 IFC2 IFC1 IFCO
Table 7:  IFCOUNTER - data byte 0 bit description
Bit Symbol Description
7and 6 IFCM[1:0] IF counter mode; IFCM reads 00 immediately after 12C-bus start of
PRESET, SEARCH, AFU, JUMP or CHECK until the first IFC result of the
new tuning is available.
00 = no new counter result available (IFC value is previous result or
reset state)
01 = new counter result available (IFC value is new result)
10 = counter result from AF update (IFC value is AF result, value is
held until 12C-bus read). Also the detector information of LEV, USN,
WAM and MOD shows AF update results.
11 = Power-On Reset (POR) or undefined state of the state machine is
detected. The 12C-bus data is reset to POR state.
5 IFCS IF counter sign
0 = the IF counter result indicates a positive RF frequency error
1 = the IF counter result indicates a negative RF frequency error
4 IFCA IF counter accuracy
0 = IF counter result with 1 kHz resolution in FM mode and 0.5 kHz
resolution in AM mode
1 = IF counter result with 8 kHz resolution in FM mode and 4 kHz
resolution in AM mode
3t00 IFC[3:0] IF counter result; see Table 8
Table 8: IF counter result
IFC3 | IFC2 | IFC1 | IFCO |Deviation from nominal value in FM Deviation from nominal value in AM
IFCA=0 IFCA=1 IFCA=0 IFCA=1
0 0 0 0 0 kHz to 1 kHz reset state 0 kHz to 0.5 kHz reset state
0 0 0 1 1 kHz to 2 kHz - 0.5 kHz to 1 kHz -
0 0 1 0 2 kHz to 3 kHz 16 kHz to 24 kHz 1 kHz to 1.5 kHz 8 kHz to 12 kHz
0 0 1 1 3 kHz to 4 kHz 24 kHz to 32 kHz 1.5 kHz to 2 kHz 12 kHz to 16 kHz
0 1 0 0 4 kHz to 5 kHz 32 kHz to 40 kHz 2 kHz to 2.5 kHz 16 kHz to 20 kHz
0 1 0 1 5 kHz to 6 kHz 40 kHz to 48 kHz 2.5kHz to 3 kHz 20 kHz to 24 kHz
0 1 1 0 6 kHz to 7 kHz 48 kHz to 56 kHz 3 kHz to 3.5 kHz 24 kHz to 28 kHz
0 1 1 1 7 kHz to 8 kHz 56 kHz to 64 kHz 3.5kHz to 4 kHz 28 kHz to 32 kHz
1 0 0 0 8 kHz to 9 kHz 64 kHz to 72 kHz 4 kHz to 4.5 kHz 32 kHz to 36 kHz
1 0 0 1 9 kHz to 10 kHz 72 kHz to 80 kHz 4.5 kHz to 5 kHz 36 kHz to 40 kHz
1 0 1 0 10 kHz to 11 kHz 80 kHz to 88 kHz 5 kHz to 5.5 kHz 40 kHz to 44 kHz
1 0 1 1 11 kHz to 12 kHz 88 kHz to 96 kHz 5.5 kHz to 6 kHz 44 kHz to 48 kHz
1 1 0 0 12 kHz to 13 kHz 96 kHz to 104 kHz 6 kHz to 6.5 kHz 48 kHz to 52 kHz

TEF6903A_1
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Table 8: IF counter result ...continued
IFC3 | IFC2 | IFC1 | IFCO |Deviation from nominal value in FM Deviation from nominal value in AM
IFCA=0 IFCA=1 IFCA=0 IFCA=1

13 kHz to 14 kHz 104 kHz to 112 kHz 6.5 kHz to 7 kHz 52 kHz to 56 kHz
0 14 kHz to 15 kHz 112 kHz to 120 kHz 7 kHz to 7.5 kHz 56 kHz to 60 kHz
1 1 15 kHz to 16 kHz >120 kHz 7.5 kHz to 8 kHz > 60 kHz

After a tuning action, which is activated by the state machine, the IF counter is reset at
that moment when tuning is established (PLL in-lock). The first counter result is available
from 2 ms after reset. For FM further results can be obtained from 4 ms, 8 ms, 16 ms and
32 ms after reset, the increasing count time attenuates influence of FM modulation on the
counter result. After this, the counter continues at the maximum count time of 32 ms (see
Figure 5). For AM the count time is fixed to 2 ms and results are available every 2 ms.

After AF Update (AFU) sampling the IF counter read value is held (IFCM = 10) (see
Figure 6, Figure 17 and Figure 18) for easy 12C-bus read-out. The counter itself remains
active in the background in 2 ms count time mode. The IF counter data hold is released
after 12C-bus read.

IFCM reads 00 immediately after I2C-bus start of PRESET, SEARCH, AFU, JUMP or
CHECK until the first new tuning IFC result is available.

tuning

time |2 ms | 2 ms| 4ms 8 ms 16 ms 32ms J 32 ms

32 ms 32 ms 32 ms

16 ms

counter time 8 ms

4 ms

, v } } L b
o reset 12 | I I L .

001aab785

Fig 5. IF counter in FM mode after tuning
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tuning for AF update
[n—12| [r2—11]
time |2ms| |2ms|2ms|2ms|2ms|2ms|2ms|2ms|2ms|2ms|2ms|2ms| 4ms 8 ms 16 ms
32ms
16 ms
counter time 8 ms
4 ms
2ms 2ms
— —
o ! st L | ¢
14C-bus -
register reset X hold of counter result of f2 until read-out . X X
read-out of counter result f2 001aab786
Fig 6. IF counter in FM mode during and after AF update

8.1.2 Read mode: data byte LEVEL

Table 9: LEVEL - format of data byte 1
7 6 5 4 3 2 1 0
LEV7 LEV6 LEV5 LEV4 LEV3 LEV2 LEV1 LEVO

Table 10: LEVEL - data byte 1 bit description
Bit Symbol Description

7t00 LEV[7:0] level detector; this byte indicates the LEVEL voltage between
0.25V (LEV =0) and 4.25 V (LEV = 255) from the tuner part;
Vi eveL = Ye4LEV[7:0] + 0.25 V; see Figure 7

After AF update sampling the level read value is held (indicated by IFCM = 10) for easy
I2C-bus read-out. The level detector remains active in the background. The LEV data hold
is released after 12C-bus read.

To reduce the influence of modulation in AM mode the LEV information is additionally
filtered by a slow 60 ms detector. Fast level information is made available during
AF update and check tuning.

For standard operation the following level alignment (byte LEVELALGN; see Table 43) is
used:

FM and AM level slope; ALEV = 51 (AV gygL = 0.80 V) at AVRr = 20 dB (measured at
VRre = 200 IJV and Vgre =20 l.lV)

FM mode level start; LEV = 78 (Vi gveL = 1.47 V) at Vrg = 20 pV

AM mode level start; LEV = 63 (V pveL = 1.24 V) at Vgg = 20 pV

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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00laab521

4
VLEVEL
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/ f
8 /
/
//
. 12
/
/
1 Il
/
0
104 108 102 1071 1 10 102
VanT (MV)
Fig 7. FM RF antenna input signal and level output voltage
8.1.3 Read mode: data byte USN/WAM
Table 11: USN/WAM - format of data byte 2
7 6 5 4 3 2 1 0
USN3 USN2 USN1 USNO WAM3 WAM2 WAM1 WAMO
Table 12: USN/WAM - data byte 2 bit description
Bit Symbol Description
7t04 USNJ3:0] ultrasonic noise detector; this value indicates the USN content of the
MPX audio signal; see Figure 24

3100 WAM[3:0] wideband AM detector; this value indicates the WAM content of the

TEF6903A_1

LEVEL voltage; see Figure 24

After AF update sampling the USN and WAM read value is held (indicated by IFCM = 10)
for easy 12C-bus read-out. The USN and WAM detectors remain active in the background.

The USN and WAM data hold is released after I12C-bus read.
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8.1.4 Read mode: data byte MOD

Table 13: MOD - format of data byte 3
7 6 5 4 3 2 1 0
MODA4 MOD3 MOD2 MOD1 MODO STIN TAS1 TASO
Table 14: MOD - data byte 3 bit description
Bit Symbol Description
7t03 MODI[4:0] modulation detector; this value indicates the audio modulation; see
Table 15
FM between 0 kHz and 150 kHz FM deviation
AM between 0 % and 200 % modulation
FM offset detector; a read value of 31 indicates offset detection. The
offset detector is part of the FM bandwidth control algorithm and detects
adjacent channel breakthrough.
VU-meter; when an external audio source is selected and VU-meter read
is active (see subaddress 17h; see Table 98) MOD indicates the audio
input level (RMS) between 0 V and 2 V; see Table 15.
2 STIN stereo indicator; this bit indicates if a stereo pilot signal has been
detected
0 = no pilot signal detected
1 = pilot signal is detected and the FM stereo decoder is activated
landO TAS[1:0] Tuning action state; state machine information. The signal TAS informs
about internal control functions of the tuner action state machine. This
way the progress of tuner actions can be monitored by the
microcontroller.
00 = inactive
01 = starting mute
10 = PLL tuning
11 = tuning ready with mute active
Table 15: MOD detector
MOD4 MOD3 MOD2 MOD1 MODO FMradio Af AMradiom VU External source
0 0 0 0 0 <1.5kHz <2% - <0.02V
0 0 0 0 1 1.5 kHz 2% -34dB 0.02V
0 0 0 1 0 3 kHz 4% -28dB 0.04V
0 0 0 1 1 4.5 kHz 6 % -24dB 0.06 V
0 0 1 0 0 6 kHz 8 % -22dB 0.08V
0 0 1 0 1 7.5 kHz 10 % -20dB 0.1V
0 0 1 1 0 9.5 kHz 13 % -18dB 0.13V
0 0 1 1 1 12 kHz 16 % -16dB 0.16 V
0 1 0 0 0 15 kHz 20 % -14dB 0.2V
0 1 0 0 1 19 kHz 25 % -12dB 0.25V
0 1 0 1 0 24 kHz 32% -10dB 0.32V
0 1 0 1 1 30 kHz 40 % -8dB 04V
0 1 1 0 0 38 kHz 50 % -6dB 05V
TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
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Table 15: MOD detector ...continued

MOD4 MOD3 MOD2 MOD1 MODO FMradio Af AMradiom VU External source
0 1 1 0 1 47 kHz 63 % -4 dB 0.63V
0 1 1 1 0 60 kHz 80 % -2dB 0.8V
0 1 1 1 1 75 kHz 100 % 0dB 1V
1 0 0 0 0 95 kHz 125 % 2dB 1.25V
1 0 0 0 1 120 kHz 160 % 4 dB 16V
1 0 0 1 0 150 kHz 200 % 6 dB 2V
1 0 0 1 1 - - - -

1 1 1 1 0 - - - -
1 1 1 1 1 OFFS - - -
detection

The indicated amplitude levels are approximate values.

In case of FM radio carrier modulation is measured (MPX FM deviation). Timing is fixed
with fast 30 ms release time. Depending upon reception conditions and internal offsets
small modulation levels may be indicated as 0. After AF update sampling the MOD read
value is held (indicated by IFCM = 10) for easy 12C-bus read-out. The MOD detector
remains active in the background. The MOD data hold is released after 12C-bus read.

In case of AM radio carrier modulation is measured (AM). Timing is fixed with fast 30 ms
release time. Modulation may exceed 100 % in case of special modulation schemes as
used by some stations. After AF update sampling the MOD read value is held (indicated
by IFCM = 10) for easy 12C-bus read-out. The MOD detector remains active in the
background. The MOD data hold is released after 12C-bus read.

With external source selection and VU-meter mode disabled (AVUM = 0 and COMP = 0)
FM or AM modulation is indicated equal to radio mode.

With external source selection and VU-meter mode enabled (AVUM =1 or COMP = 1) the
audio input level of the external source is indicated (i.e. the audio level as found on the line
input pins). For stereo signals left and right channel are combined for MOD read

(0.5 x L + 0.5 x R). VU-meter timing is defined by setting HCT. For AVUM control see
subaddress 17h; see Table 98. In case of AF update sampling the AM or FM modulation
value is indicated with data hold (indicated by IFCM = 10) for easy 12C-bus read-out. The
MOD data hold is released after 12C-bus read and VU-meter indication continues.
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8.1.5 Read mode: data byte IFBW

Table 16:

IFBW - format of data byte 4

7

RAGC1

6

RAGCO

5 4 3 2 1 0
ASIA IFBW4 IFBW3 IFBW2 IFBW1 IFBWO

Table 17:

IFBW - data byte 4 bit description

Bit
7 and 6

4t00

Symbol

Description

RAGCI1:0] RF AGC indicator; PIN diode current on pins IAMAGC or IFMAGC

00 =
FM: < 0.05 mA
AM: < 0.1 mA
01=
FM: 0.05 mA to 0.5 mA
AM: 0.1 mA to 0.5 mA
10=0.5mAto 2.5 mA
11=>25mA

ASIA ASI active; this bit indicates activity of the audio step interpolation
function
0 = ASl is not active
1 = ASl step is in progress
IFBW[4:0] FM IF filter bandwidth control; 57 kHz (0 0000) to 165 kHz (1 1111). The

bandwidth read data equals the write data definition (at DYN = 0; see
Table 28).

8.1.6

Table 18:

Read mode: data byte ID

ID - format of data byte 5

7

IFCAPG

6

5 4 3 2 1 0
ID2 ID1 IDO

Table 19:

ID - data byte 5 bit description

Bit

7

6to3
2to0

Symbol
IFCAPG

Description

IF filter gear; read value is used for IFCAP adjustment (byte IFCAP);
see Table 47

reserved
device type identification 010 = TEF6903A

TEF6903A_1
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8.1.7 Read mode: data byte TEMP

Table 20: TEMP - format of data byte 6
7 6 5 4 3 2 1 0
TEMP7 TEMP6 TEMP5 TEMP4 TEMP3 TEMP2 TEMP1 TEMPO

Table 21: TEMP - data byte 6 bit description
Bit Symbol Description

7t00 TEMP[7:0] on-chip temperature; 1 step = 1 K; relative indication

8.2 Write mode

The device is controlled by the 12C-bus. After the Integrated Circuit (IC) address the MSA
byte contains the control of the tuning action via the bits MODE[2:0] and subaddressing
via bits SA[4:0] (see Figure 8).

All circuits are controlled by the CONTROL register. Any data change in the CONTROL
register has immediate effect and will change the operation of the circuit accordingly. The
subaddress range 00h to 05h includes data that may lead to audible disturbance when
changed. Therefore the subaddress range 00h to 05h is not loaded in the CONTROL
register directly but loaded in a BUFFER register instead. This allows the IC to take care
of tuning actions and mute control, freeing the microcontroller from cumbersome controls
and timings. The subaddress range of 06h onwards does not contain such critical data.
12C-bus information in this range will be loaded in the CONTROL register directly (at
acknowledge of each byte).

Controlled by a state machine the BUFFER data will be loaded in the CONTROL register
for new settings. However at the same time the CONTROL data is loaded in the BUFFER
register. This register swap action allows a fast return to the previous setting because the
previous data remains available in the BUFFER register (see Figure 9).

Via MODE several operational modes can be selected for the state machine. MODE offers
all standard tuning actions as well as generic control for flexibility. The state machine
controls the tuner directly by controlling the 12C-bus data. Internal circuits like the IF
counter, mute and weak signal processing are controlled complementary to the tuner
action. The state machine operation starts at the end of transmission (P = STOP). In case
a previous action is still active this is overruled and the new action defined by MODE is
started immediately.

When only the address byte is transmitted no action is started and no setting is changed,
this can be used to test the presence of the device on the bus. To minimize the 12C-bus
transmission time only bytes that include data changes need to be written. Following the
MSA byte the transmission can start at any given data byte defined by the subaddress
(SA) bits. In case of MODE = preset, search or load the value of buffered data that is not
overwritten by the new transmission will equal the control register content, i.e. the current
tuner state. Instead in case of MODE = buffer, AF update, jump, check or end any not
overwritten BUFFER data remains to be the existing BUFFER register content, i.e. the
previous tuner state.
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After power-on reset all registers, including the reserved registers, should be initialized
with their default settings (see Table 22) using a preset mode tuning action (see Table 25).
The tuning mute circuit is muted. An action of the state machine is required to de-mute the
circuit, for this purpose preset mode (bits MODE[2:0] = 001) is best fitted since it assures
fast settling of all parameters before mute is released.

Table 22:  Write mode subaddress overview

Subaddress Name Default Reference
00h BANDWIDTH 11111110 Section 8.2.2
01lh PLLM 0000 1000 Section 8.2.3
02h PLLL 0111 1110 Section 8.2.3
03h DAA 0100 0000 Section 8.2.4
04h AGC 0000 0000 Section 8.2.5
05h BAND 0010 0000 Section 8.2.6
06h LEVELALGN 1000 0100 Section 8.2.8
07h IFCF 0010 0000 Section 8.2.9
08h IFCAP 0000 1000 Section 8.2.10
09h ACD 0100 1010 Section 8.2.11
O0Ah SENSE 1000 0101 Section 8.2.12
0Bh TIMING 01100110 Section 8.2.13
0Ch SNC 0111 0100 Section 8.2.14
0Dh HIGHCUT 0110 1111 Section 8.2.15
OEh SOFTMUTE 0110 1010 Section 8.2.16
OFh RADIO 0001 1010 Section 8.2.17
10h INPUT 0000 1010 Section 8.2.18
11h VOLUME 0011 0000 Section 8.2.19
12h TREBLE 0000 1100 Section 8.2.20
13h BASS 0000 1100 Section 8.2.21
14h FADER 0000 0000 Section 8.2.22
15h OUTPUT 0000 1111 Section 8.2.23
16h BALANCE 1000 0000 Section 8.2.24
17h LOUDNESS 0000 1100 Section 8.2.25
18h POWER 0000 0110 Section 8.2.26
19h to 1Fh reserved 0000 0000 Section 8.2.27
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MODE DECODER

STATE MACHINE

12C-BUS
MODE J {SA = 00h to 05h
BUFFER REGISTER
SA = 00h to 05h

LOAD .
-

PRESET,

SEARCH
-

AFU, JUMP,

CHECK SWAP PRELOAD

IF COUNTER <J
WS DETECTORS +—
WS PROCESSING +——
TUNING MUTE

Fig 8. 12C-bus and state machine control

SA = 06h to 1Fh

CONTROL REGISTER

SA =00h to 05h

SA = 06h to 1Fh

U

TUNER AND AUDIO CIRCUIT

00laab522
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BUFFER  pyie 0

byte 1
byte 2
byte 3
byte 4

byte 5

CONTROL byte 0
byte 1
byte 2
byte 3
byte 4

byte 5

MODE = buffer or end
SA=2
address X MSA X byte 2 X byte 3 X byte 4 E
previous previous
previous previous
previous X new new
previous X new new
previous X new new
previous previous
state machine stop
for MODE = end only
current current
current current
current current
current current
current current
current current
001aab523
Fig 9. Write without state machine action, no preload, no register swap
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BUFFER byte 0
byte 1
byte 2
byte 3
byte 4
byte 5

CONTROL byte 0
byte 1
byte 2
byte 3
byte 4

byte 5

MODE = AFU, jump or check
SA=2
address X MSA X byte 2 X byte 3 X byte 4 X byte 5 XZ
previous X current
previous X current
previous X new X current
previous X new X current
previous X new X current
previous X new X current
state machine start
swap -
current X previous
current X previous
current X new
current X new
current X new
current X new
00laab524
Fig 10. Write with state machine action and swap, no preload
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BUFFER byte 0
byte 1
byte 2
byte 3
byte 4

byte 5

CONTROL  pyte 0
byte 1
byte 2
byte 3
byte 4

byte 5

MODE = preset or search
SA=3
address X MSA X byte 3 X byte 4 X byte5 | P
previous X current X current
previous X current X current
previous X current X current
previous X currentX new X current
previous X current X new X current
previous X current X new X current
state machine start
preload —_——
swap
current X current
current X current
current X current
current X new
current X new
current X new
001aab525
Fig 11. Write with state machine action, preload and swap
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MODE = load
SA=3
addressX MSA X byte 3 X byte 4 X byte 5 P
BUFFER byte 0 previous X current X current
byte 1 previous X current X current
byte 2 previous X current X current
byte 3 previous X current X new X current
byte 4 previous X current X new X current
byte 5 previous X current current
preload Uswap
CONTROL  byte O current X current
byte 1 current X current
byte 2 current X current
byte 3 current X new
byte 4 current X new
byte 5 current X new
001aab526
Fig 12. Write without state machine action, with preload and swap
8.2.1 Mode and subaddress byte for write
Table 23: MSA - format of mode and subaddress byte
7 6 5 4 3 2 1 0
MODE2 MODE1 MODEO SA4 SA3 SA2 SAl SAO0
Table 24: MSA - mode and subaddress byte bit description
Bit Symbol Description
7t05 MODE[2:0] mode tuning action; see Table 25
4t00 SA[4:0] Subaddress; 0 0000 to 1 1111 = write data byte subaddress 00h to 1Fh.

The subaddress value is auto-incremented and will revert from
SA = 1Fh to SA = 00h. The auto-increment function cannot be disabled.
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Table 25: Tuning action modes
MODE2 MODE1 MODEO Symbol Description

0 0 0 buffer write BUFFER register, no state machine action, no
register swap; see Figure 9

0 0 1 preset tune to new program with 60 ms mute control; swap;
see Figure 13 and Figure 14; BUFFER is preloaded with
CONTROL register; immediate swap; see Figure 11

0 1 0 search tune to new program and stay muted (to release use
end); swap; see Figure 15 and Figure 16; BUFFER is
preloaded with CONTROL register; see Figure 11

0 1 1 AF update tune to AF program; check AF quality and tune back to
main program; two register swap operations;
see Figure 17 and Figure 18

1 0 0 jump tune to AF program in minimum time; register swap;
see Figure 19 and Figure 20

1 0 1 check tune to AF program and stay muted (to release use end);
register swap; see Figure 21 and Figure 22

1 1 0 load write CONTROL register via BUFFER; no state machine

action; BUFFER is preloaded with CONTROL register;
immediate swap; see Figure 12

1 1 1 end end action; release mute; no register swap; see Figure 9
and Figure 23

Since buffer mode (bits MODE[2:0] = 000) does not change any tuner action or register
other then those defined by the 12C-bus write transmission it generally is the mode used
for writing outside the buffered subaddress range (i.e. bits SA[4:0] = 06h to 1Fh). Writing
in the subaddress range of 06h to 1Fh is executed immediately and is not controlled by
the state machine. Load mode does not interrupt a state machine process, the preload
action changes the content of the BUFFER register which may interfere with a tuner
action in progress.

When a new state machine tuning action is started during a mute state of the state
machine, the new action skips the unnecessary activation of mute and starts immediately
with the actions that follow the mute period in the standard sequence. In this way fastest
timing is possible e.g. for search tuning (see Figure 14, Figure 16, Figure 20 and

Figure 22). When AF update mode is started during a mute state only the return tuning
action will be performed; in combination with check mode an AF update can be created
with the AF sampling time defined by 12C-bus control (see Figure 18).

The FM IF2 signal path contains a digital controlled AGC function with a maximum AGC
decay time of 13 ms to realize sufficient AM suppression during changing signal
conditions and high modulation situations. During the settling of the AGC (e.g. after a
tuning action), the gain of the FM path and the level detection can be affected. To get
correct signal quality information, a minimum time of 13 ms should be used between two
tuning actions.
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12C-bus e

time | ims | PLL | 60 ms | 1ms |
tuning fl1—f2

register SWAP I

IF counter reset |

quality detector reset

tuning mute

WS processing [ FAST |

TASread  __ o 01 —— 10— ‘1 W— 00

001aab527

Fig 13. Preset mode

12C-bus LI Te

time | PLL | 60 ms | 1ms

tuning f1l—» 2

register SWAP I

IF counter reset |

quality detector reset

tuning mute

- "FAST | FAST |
WS processing “HOLD_
TAS read — 11— 10" —— '11' 11 —| 00’
001aab528

Fig 14. Preset mode, started during mute
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12C-bus R
time | 1ms | PLL |
tuning f1—» 2
register SWAP I
IF counter reset |
quality detector reset
tuning mute
WS processing [ FAST
TAS read g —— 0L —— 10" 11" qp
001aab529
Fig 15. Search mode
12C-bus e
time [pPL |
tuning fl— f2
register SWAP I
IF counter reset |
quality detector reset
tuning mute
. _FAST_| FAST
WS processing ~HOLD.|
TAS read — 11— —"11 11"
001aab530
Fig 16. Search mode, started during mute
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ecbus I TP 7 °

0.5ms
time | 1ms | PLL | 2ms || PLL | | 1ms |
register SWAP I I

IF counter reset | |
quality detector reset

IF counter hold

| counter and detector result HOLD until 12C-bus read

quality detector hold

tuning mute

WS processing [ HOLD |

TAS read — 00 0L —— 10 ———— 1 — g

Fig 17. AF update mode

- L—00

‘00"
001aab531

2cous [ J[ I[P

0.5ms
time [| PLL | | 1ms |

tuning o—wf1
register SWAP I

IF counter reset |
quality detector reset

IF counter hold | counter and detector result HOLD until 12C-bus read

quality detector hold

tuning mute

WS processing EAST

TASread —"11'—— 10—+ 00"

Fig 18. AF update mode, started during mute

‘00"

001aab532
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12C-bus LI ITe

0.5ms
time | 1ms | PLL | | 1ms
register SWAP I

IF counter reset |
quality detector reset

tuning mute

WS processing

HOLD

TASread — g —— 01 ——'10'—11'1

Fig 19. Jump mode

00" —

001aab533

12C-bus LI ITe

0.5ms
time | PLL | | 1ms |

tuning w2
register SWAP I

IF counter reset
quality detector reset

tuning mute

~ _HOLD HOLD
WS processing =I=:ES=T]

TASread = —'11'— g 11

00"

Fig 20. Jump mode, started during mute

00" -
001aab534
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12C-bus e
time | 1ms | PLL |
tuning fl—= f2
register SWAP I
IF counter reset |
quality detector reset
tuning mute
WS processing [ HOLD
TAS read _.Oo._,_v01-_.—'10'—'—'11' 11—
001aab535
Fig 21. Check mode
12C-bus e
time | PLL |
tuning fl—»f2
register SWAP I
IF counter reset |
quality detector reset
tuning mute
. _HOLD] _ HOLD
WS processing :EES:F:I
TAS read —1'—= g ——"1 11 -
001aab536
Fig 22. Check mode, started during mute
TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
Preliminary data sheet Rev. 01 — 13 February 2006 34 of 110

www.DataSheetdU.com



Philips Semiconductors

TEFG6903A

Integrated car radio

2cbus L JL I[P
time [ 1ms |
tuning mute
ing = HOLD|
WS processin ::FES:G
TAS read - Lo 00" —
001laab537
Fig 23. End mode
8.2.2 Write mode: data byte BANDWIDTH
Table 26: BANDWIDTH - format of data byte 00h with default setting (buffered)
7 6 5 4 1 0
DYN BW4 BW3 BW2 TE1l TEO
1 1 1 1 1 0
Table 27: BANDWIDTH - data byte 00h bit description
Bit Symbol Description
7 DYN dynamic bandwidth; see Table 28
0 = FM IF bandwidth set by BW
1 = FM IF bandwidth dynamically controlled
6to2 BWI[4:0] FM IF bandwidth; see Table 28
DYN=0
00h to 1Fh = FM fixed IF bandwidth 57 kHz to 165 kHz
DYN=1
00h to OFh = minimum dynamic bandwidth 57 kHz to 109 kHz
10h to 1Fh = maximum dynamic bandwidth 113 kHz to 165 kHz
landO TE[1:0] threshold extension
00 = no threshold extension
01 = threshold extension low
10 = threshold extension standard
11 = threshold extension high
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Table 28: FM IF bandwidth selection

BW4 BW3 BW?2 BW1 BWO DYN =0 DYN =1

0 0 0 0 0 57 kHz 57 kHz to 165 kHz
0 0 0 0 1 60 kHz 60 kHz to 165 kHz
0 0 0 1 0 64 kHz 64 kHz to 165 kHz
0 0 0 1 1 67 kHz 67 kHz to 165 kHz
0 0 1 0 0 71 kHz 71 kHz to 165 kHz
0 0 1 0 1 74 kHz 74 kHz to 165 kHz
0 0 1 1 0 78 kHz 78 kHz to 165 kHz
0 0 1 1 1 81 kHz 81 kHz to 165 kHz
0 1 0 0 0 85 kHz 85 kHz to 165 kHz
0 1 0 0 1 88 kHz 88 kHz to 165 kHz
0 1 0 1 0 92 kHz 92 kHz to 165 kHz
0 1 0 1 1 95 kHz 95 kHz to 165 kHz
0 1 1 0 0 99 kHz 99 kHz to 165 kHz
0 1 1 0 1 102 kHz 102 kHz to 165 kHz
0 1 1 1 0 106 kHz 106 kHz to 165 kHz
0 1 1 1 1 109 kHz 109 kHz to 165 kHz
1 0 0 0 0 113 kHz 57 kHz to 113 kHz
1 0 0 0 1 116 kHz 57 kHz to 116 kHz
1 0 0 1 0 120 kHz 57 kHz to 120 kHz
1 0 0 1 1 123 kHz 57 kHz to 123 kHz
1 0 1 0 0 127 kHz 57 kHz to 127 kHz
1 0 1 0 1 130 kHz 57 kHz to 130 kHz
1 0 1 1 0 134 kHz 57 kHz to 134 kHz
1 0 1 1 1 137 kHz 57 kHz to 137 kHz
1 1 0 0 0 141 kHz 57 kHz to 141 kHz
1 1 0 0 1 144 kHz 57 kHz to 144 kHz
1 1 0 1 0 148 kHz 57 kHz to 148 kHz
1 1 0 1 1 151 kHz 57 kHz to 151 kHz
1 1 1 0 0 155 kHz 57 kHz to 155 kHz
1 1 1 0 1 158 kHz 57 kHz to 158 kHz
1 1 1 1 0 162 kHz 57 kHz to 162 kHz
1 1 1 1 1 165 kHz 57 kHz to 165 kHz
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8.2.3 Write mode: data bytes PLLM and PLLL

Table 29: PLLM - format of data byte 01h with default setting (buffered)

Integrated car radio

7 6 5 4 3 2 1 0
RFGAIN PLL14 PLL13 PLL12 PLL11 PLL10 PLL9 PLL8
0 0 0 0 1 0 0 0
Table 30: PLLL - format of data byte 02h with default setting (buffered)
7 6 5 4 3 2 1 0
PLL7 PLL6 PLL5 PLL4 PLL3 PLL2 PLL1 PLLO
0 1 1 1 1 1 1 0
Table 31: PLLM and PLLL - data byte 01h and data byte 02h bit description
Bit Symbol Description
7 (PLLM) RFGAIN  RF gain setting in FM mode
0 = standard RF gain
1 = +6 dB additional RF gain at FM mixer 1
6t00 PLL[14:0] VCO programmable divider N; application range of N = 1024 to 32767;
(PLLM) see Section 8.2.7
7t00
(PLLL)
8.2.4 Write mode: data byte DAA
Table 32: DAA - format of data byte 03h with default setting (buffered)
7 6 5 4 3 2 1 0
0 DAA6 DAAS5 DAA4 DAA3 DAA2 DAA1 DAAO
1 0 0 0 0 0 0
Table 33: DAA - data byte 03h bit description
Bit Symbol Description
7 - reserved; O = normal operation
6to0 DAA[6:0] REF selectivity alignment
FM: alignment of antenna circuit tuning voltage
(0.1 x Vyco t0 2.0 x Vyco)
AM: voltage Digital-to-Analog Converter (DAC) output
(0.1x43V1t02.0x4.3V)
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8.2.5 Write mode: data byte AGC

Table 34: AGC - format of data byte 04h with default setting (buffered)

7 6 5 4 3 2 1 0
AGCSW IFGAIN 0 0 AGC1 AGCO KAGC LODX
0 0 0 0 0 0

Table 35: AGC - data byte 04h bit description
Bit Symbol Description
7 AGCSW  RF AGC switch
0 = no control of unused RF AGC

1 = unused AM RF AGC PIN diode at FM mode, or unused FM RF
AGC PIN diode at AM mode is supplied with a constant current for fixed
attenuation

6 IFGAIN IF gain
0 = IF gain for low loss 10.7 MHz filter
1 =increased IF gain (3 dB) for high loss 10.7 MHz filter
5and 4 - reserved; O = normal operation
3and?2 AGCJ[1:0] setting of RF AGC threshold voltage
FM mixer 1 input voltage (RMS value)
00 =24 mV
01=17mV
10=12 mV
11=9mV
AM mixer 1 input voltage (peak-to-peak value)
00 = 1000 mV
01 =700 mV
10 =500 mV
11 =350 mV
1 KAGC keyed AGC
FM mode
0 = keyed AGC off

1 = keyed AGC on; the AGC start level is shifted to a value 10 dB above
the standard AGC start level, when the level voltage of the wanted RF
signal is below the threshold level voltage for narrow-band AGC

AM mode
0 = RF cascode AGC enabled with full range

1 = RF cascode AGC enabled with limited range
0 LODX FM mode: local switch

0 = standard operation (DX)

1 =forced FM RF AGC attenuation (LOCAL)

AM mode: trigger signal from AM IF noise blanker to AM audio noise
blanker

0 = trigger signal active for low modulation only (m < 0.05)
1 = trigger signal always active, independent of modulation
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Table 36: BAND - format of data byte 05h with default setting (buffered)

Integrated car radio

7 6 5 4 3 2
BAND2 BAND1 BANDO FREF2 FREF1 FREFO
0 0 1 0 0 0

1 0
LOINJ 0
0

Table 37: BAND - data byte 05h bit description

Bit Symbol Description

7t05 BAND[2:0] FM and AM band selection; see Table 38
4102 FREF[2:0] PLL reference frequency; see Table 39

1 LOINJ FM mixer 1 image suppression

0 = high injection image suppression
1 = low injection image suppression
0 - reserved; O = normal operation

Table 38: Decoding of BAND bits

BAND2 BAND1 BANDO Divider ratio M Receiver band
0 0 0 - reserved
0 0 1 2 FM

0 1 0 3 FM

0 1 1 6 AM

1 0 0 8 AM

1 0 1 10 AM

1 1 0 16 AM

1 1 1 20 AM
Table 39: Reference frequencies

FREF2 FREF1 FREFO fref

0 0 0 100 kHz

0 0 1 50 kHz

0 1 0 25 kHz

0 1 1 20 kHz

1 0 0 10 kHz

1 0 1 reserved

1 1 0 reserved

1 1 1 reserved

Different PLL charge pump currents are used for different reference frequencies to

maintain best PLL loop stability; see Table 40.

Settings FREF[2:0] = 000 (100 kHz) and FREF[2:0] = 001 (50 kHz) include additional high

current charge pump control to realize fast PLL locking within 1 ms.
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Table 40: Charge pump source [l

FREF2 FREF1 FREFO LOINJ Charge pump  fyef
current

0 0 0 X CP1 100 kHz

0 0 1 X CP2 50 kHz

0 1 0 X CP3 25 kHz

0 1 1 1 CP3 20 kHz

0 1 1 0 CP4 20 kHz

1 0 0 X CP5 10 kHz

1 0 1 X reserved

1 1 0 X reserved

1 1 1 X reserved

[1] X =don'tcare.

8.2.7 Tuning overview
High injection LO (Europe FM, US FM and AM):

_ (fre+10.7 MH2) x M
B f

with LOINJ = 0 to achieve full image suppression in FM.
ref

Low injection LO (Japan FM and OIRT):

N = -

with LOINJ = 1 to achieve full image suppression in FM.
ref

f
tuning step= —,\r?Ie—f

where: M is the divider ratio of the VCO frequency for AM mixer 1 and FM mixer 1

f
M = VCO.

f

mixer 1

Table 41: Standard tuner settings

Broadcast band BAND[2:0] M FREF[2:0]  fief LOINJ  Tuning step
Europe FM and US FM 001 2 000 100 kHz 0 50 kHz
Japan FM 010 3 000 100 kHz 1 33.3 kHz
Eastern Europe FM 010 3 011 20 kHz 1 6.67 kHz
(OIRT FM)
AM MW and LW 111 20 011 20 kHz 0 1 kHz
AM SW 120 mto60m 110 16 100 10 kHz 0 0.625 kHz
AMSW49mto22m 101 10 100 10 kHz 0 1 kHz
AMSW25mtol5m 100 8 100 10 kHz 0 1.25 kHz
AMSW16mtollm 011 6 100 10 kHz 0 1.67 kHz
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Write mode: data byte LEVELALGN

Table 42: LEVELALGN - format of data byte 06h with default setting

7 6 5 4 3 2 1 0
LST4 LST3 LST2 LST1 LSTO LSL2 LSL1 LSLO
1 0 0 0 0 1 0 0

Table 43: LEVELALGN - data byte 06h bit description

Bit Symbol Description
7t03 LST[4:0] level start voltage alignment
2t00 LSL[2:0] level slope alignment

For 12C-bus reading of the level voltage and standard alignment see read data byte 1

(see Table 10).

Level alignment should begin with slope alignment (LSL): the level slope does not change
with level start alignment (LST) or broadcast band; therefore a single LSL alignment
setting can be used for all FM and AM band selections.

Level start may change between broadcast bands; therefore generally a separate LST
alignment and setting is used for every broadcast band.

Write mode: data byte IFCF

Table 44: IFCF - format of data byte 07h with default setting

7 6 5 4 3 2 1 0
IFCFA IFNBW IFCF5 IFCF4 IFCF3 IFCF2 IFCF1 IFCFO
0 0 1 0 0 0 0 0

Table 45: IFCF - data byte 07 bit description

Bit Symbol Description

7 IFCFA FM IF filter align mode
0 = normal operation

1 = align mode (fast frequency settling)
6 IFNBW FM IF filter narrow

0 = normal operation

1 = FM IF filter at minimum bandwidth (57 kHz)
5t00 IFCF[5:0] FM IF filter center frequency alignment
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8.2.10 Write mode: data byte IFCAP

Table 46: IFCAP - format of data byte 08h with default setting

7 6 5 4 3 2 1 0
IFCAPA 0 0 0 IFCAP3 IFCAP2 IFCAP1 IFCAPO
0 1 0 0 0

Table 47: IFCAP - data byte 08h bit description

Bit Symbol Description

7 IFCAPA FM IF filter capacitor align
0 = standard operation

1 = align mode and initialization mode (auto correct disabled)
6to4 - reserved; O = normal operation

3t00 IFCAP[3:0] IF filter capacitor. Setting of FM IF filter capacitor value by means of
bit IFCAPG of read data byte 5, ID; see Table 19 (For initialization set
IFCAPA = 1. For alignment set IFCAPA = 1 and check, when read bit
IFCAPG changes from logic 0 to logic 1).

The fully integrated IF2 filter of the TEF6903A has to be aligned in order to achieve the
optimum performance at all ambient conditions.

8.2.10.1 Factory alignment of bits IFCAP[3:0]

FM IF filter operation point alignment: data byte IFCAP: a single alignment of the FM IF
filter operation range secures an accurate and continuous frequency setting over the full
temperature range and all FM bands.

1. Set bit IFCAPA to logic 1 to disable internal IFCAP control

2. Decrease IFCAP from 15 downwards until 12C-bus read bit IFCAPG (read byte 5; ID)
changes from logic 1 to logic 0

3. Save this IFCAP setting as alignment value
4. Set bit IFCAPA to logic 0 to return to normal operation

8.2.10.2 Initialization of the radio

During radio initialization bit IFCAPA (is logic 1) is used for writing the stored IFCAP[3:0]
value. Afterwards set bit IFCAPA to a logic 0 to start normal operation. Writing of the
IFCAP byte with the alignment value is allowed during radio operation but requires a
setting of bit IFCAPA to logic 0.

8.2.10.3 Factory alignment of IFCF

FM IF filter center frequency alignment: data byte IFCF: to correct IF frequency errors
caused by an error in the crystal frequency the alignment is preferably performed for every
FM band in use. A test frequency in the center of the band is preferred. An accurate
alignment result is realized by testing for symmetrical filter attenuation.

1. Set RF generator level Vgg = 200 pVv

2. Set bit IFCFA to logic 1 to enable fast settling of the filter frequency

3. Set bit IFNBW to logic 1 for accuracy (filter is set to narrow 57 kHz bandwidth)
4

. Test high side of filter curve: tune to frr — 50 kHz (Europe/USA) or frg + 33.3 kHz
(Japan/OIRT)
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5. Change IFCF from 0 to 63 and note the level read result (level voltages)

6. Test low side of filter curve: tune to frg + 50 kHz (Europe/USA) or frg — 33.3 kHz
(Japan/OIRT)

7. Change IFCF from 0 to 63 and note the level voltages

8. Find the IFCF value where both level curves cross (lowest difference) and save this
IFCF value

9. Set bits IFCFA and IFNBW to logic 0 to return to normal operation

The bits IFCFA and IFNBW are intended for factory alignment use only. Normal radio
operation requires a setting of bits IFCFA and IFNBW to logic 0.

8.2.11 Write mode: data byte ACD

Table 48: ACD - format of data byte 09h with default setting

7 6 5 4 3 2 1 0
ACDLEV ACDLAP1 ACDLAPO ACDBAL1 ACDBALO ACDWAM1 ACDWAMO HCSFH
0 1 0 0 1 0 1 0

Table 49: ACD - data byte 09h bit description
Bit Symbol Description

7 ACDLEV level threshold; start level of threshold extension and latch protection
0 = start at LEV = 40 (V_gveL = 0.88 V), normal operation
1 =startat LEV =48 (VLEVEL =1 V)

6and5 ACDLAP[1:0] latch protection limit; protect against narrow bandwidth locking at high
modulation, low RF signal condition

00 = no protection

01 = low protection

10 = standard protection
11 = high protection

4and3 ACDBAL[1:0] control balance; bandwidth control priority towards adjacent channel
(prevent breakthrough) or towards modulation (low distortion)

00 = high adjacent channel priority
01 = medium adjacent channel priority, standard operation
10 = medium modulation priority
11 = high modulation priority
2and1 ACDWAM[1:0] WAM threshold; desensitize bandwidth control at detection of WAM
00 = no desensitization on WAM
01 = low sensitivity; 40 %
10 = medium sensitivity; 30 %
11 = high sensitivity; 20 %

0 HCSFH HCC minimum bandwidth; combined control with bit HCSF;
see Table 57, Table 60 and Figure 26

0 = minimum bandwidth of high cut control is 2.2 kHz or 3.3 kHz
1 = minimum bandwidth of high cut control is 3.9 kHz or 5.6 kHz
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8.2.12 Write mode: data byte SENSE

Table 50: SENSE - format of data byte OAh with default setting

7 6 5 4 3 2 1 0
CSA3 CSA2 CSA1 CSAO0 USS1 USSo WAS1 WASO
1 0 0 0 0 1 0 1

Table 51: SENSE - data byte OAh bit description
Bit Symbol Description

7t04 CSA[3:0] alignment of FM stereo channel separation

3and 2 USS[1:0] USN sensitivity; USN weak signal control equivalent level
voltage/frequency deviation for weak signal processing; see Figure 24

00 = -0.06 V/kHz
01 =-0.08 V/kHz
10 = -0.12 V/kHz
11 =-0.16 V/kHz

landO WAS[1:0] WAM sensitivity; WAM weak signal control equivalent level
voltage/V gveL (peak-to-peak) for weak signal processing; see Figure 24

00=-75
01=-10
10=-15
11=-20

The input control value for weak signal control derived from USN is denoted by Veq 1 EvEL;
equivalent level voltage. This indicates a weak signal control amount equal to the weak
signal control generated by a certain V gyg, voltage.

The USS setting does not influence the 12C-bus read quality information of USN; read
data byte 2, USN/WAM; see Table 12.

The input control value for weak signal control derived from WAM is denoted by Veq LeveL;
equivalent level voltage. This indicates a weak signal control amount equal to the weak
signal control generated by a certain V gyg, voltage.

The WAS setting does not influence the 12C-bus read quality information of WAM; read
data byte 2, USN/WAM; see Table 12.
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4 00laab831 4 001aab538
Veq. LEVEL Veq. LEVEL
(\%) v)
\ ussl1:0] WAS[1:0]
2 2
11 \10 01\ 00 11 \10 01\ 00
\ \
0 0
0 25 50 75 0 0.2 0.4 0.6
12C-bus: Af (kHz) 12C-bus: VieveL (V)
USN= 0 i5 WAM = 0 15
a. MPX signal. b. Level variation.
Fig 24. Weak signal control sensitivity versus MPX signal at 150 kHz (USN) and level variation at 21 kHz (WAM)

8.2.13 Write mode: data byte TIMING

Table 52:  TIMING - format of data byte OBh with default setting

7 6 5 4 3 2 1 0
STC1 STCO HTC2 HTC1 HTCO MTC2 MTC1 MTCO
1 0 1 0 0 1 1 0

Table 53: TIMING - data byte OBh bit description [l

Bit Symbol Description

7 and 6 STC[1:0] setting of the stereo noise control time constants; see Table 54
5t03 HTC[2:0] setting of the high cut control time constants; see Table 55
2t00 MTC[2:0] setting of the soft mute control time constants; see Table 56

[1] During the tuning mute of the preset and search mode tuning action the time constants set by STC, HTC and MTC change to
tattack = 50 ms and trecovery = 50 Ms to enable fast settling of the weak signal processing to new conditions.

Table 54: SNC weak signal processing control speed setting

STC1 STCO tattack trecovery

0 0 0.1s 1.25s

0 1 0.1ls 25s

1 0 0.1ls 5s

1 1 0.1ls 10s
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Table 55: HCC speed setting [l

HTC2 HTC1 HTCO tattack trecovery
0 0 0 0.03s 0.04s
0 0 1 0.03s 0.08 s
0 1 0 0.06 s 03s

0 1 1 0.25s 0.3s

1 0 0 0.25s 06s

1 0 1 05s 0.6s

1 1 0 1s 1.25s
1 1 1 1s 25s

[1] When for an external audio source VU-meter mode is enabled (bits AVUM or COMP are logic 1) the HTC
setting controls the trecovery VU-meter timing, tarack has a fixed value of 20 ms; see Table 100.

Table 56: Soft mute weak signal processing control speed setting [

MTC2 MTC1 MTCO tattack 121 trecovery B
0 0 0 0.01s 0.01s

0 0 1 0.01s 0.03s

0 1 0 0.03s 0.1s

0 1 1 0.1s 0.1ls

1 0 0 0.1s 0.2s

1 0 1 0.2s 0.2s

1 1 0 04s 04s

1 1 1 04s 0.8s

[1] When for an external audio source dynamic compression is enabled (bit COMP is logic 1) the MTC setting

controls the tyecovery COMpression timing, taack has a fixed value of 20 ms; see Table 80.

[2] The attack time is the time, which the weak signal processing needs to realize a full control change for a
level voltage change between HIGH level (where the weak signal processing is inactive) and 0.75 V level

voltage.
[3] The recovery time is the time needed for the full control change when the level voltage rises from 0.75 V to
HIGH level.
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8.2.14 Write mode: data byte SNC

Table 57:  SNC - format of data byte 0Ch with default setting

7 6 5 4 3 2 1 0
SST3 SST2 SST1 SSTO SSL1 SSLO HCMP HCSF
0 1 1 1 0 1 0 0

Table 58: SNC - data byte 0Ch bit description

Bit Symbol Description
7t04 SST[3:0] SNC start; start setting of the stereo noise control; see Table 59 and
Figure 25

3and 2 SSL[1:0]  SNC slope; slope setting of the stereo noise control (dsep/Veq.LEVEL):
see Figure 25
00 = 38 dB/V

01 =51 dB/V
10 = 63 dB/V
11 =72 dB/V
1 HCMP HCC control source
0 = high cut control is only controlled by the level information
1 = high cut control is controlled by level, USN and WAM

0 HCSF HCC minimum bandwidth; combined control with bit HCSFH;
see Table 49, Table 60 and Figure 26

Table 59:  Start of stereo noise control weak signal processing

SST3 SST2 SST1 SSTO Stereo noise control start (V  eq.LEVEL)

0 0 0 0 1.88V

0 0 0 1 1.94V

0 0 1 0 2.00V

0 0 1 1 2.06 V

0 1 0 0 213V

0 1 0 1 219V

0 1 1 0 225V

0 1 1 1 231V

1 0 0 0 238V

1 0 0 1 244V

1 0 1 0 25V

1 0 1 1 256V

1 1 0 0 2.63V

1 1 0 1 2.69V

1 1 1 0 2.75V

1 1 1 1 281V
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Table 60: HCC minimum bandwidth

HCSFH HCSF High cut control minimum bandwidth
0 0 2.2 kHz
0 1 3.3 kHz
1 0 3.9 kHz
1 1 5.6 kHz
001aab493 001aab539

I

STHHAT  <FHE
JERRRRIE IR
/

20
SST[3:0] /

J
RnNiv SRR/
OOOV 011//.000 /lll / A//

/ / 000 //Llo
11
0 / 0
0.5 1 15 2 2.5 3 0.5 1 15 2 2.5 3
Veq. LEVEL (V) Veq. LEVEL (V)
SSL =63 dB/V. SST=25V.
a. Start. b. Slope.

Fig 25. Stereo Noise Control (SNC) start and slope settings versus equivalent level voltage; SNC detector (level,
USN and WAM), USN detector and WAM detector

8.2.15 Write mode: data byte HIGHCUT

Table 61: HIGHCUT - format of data byte ODh with default setting

7 6 5 4 3 2 1 0
HST2 HST1 HSTO HSL1 HSLO HCF2 HCF1 HCFO
0 1 1 0 1 1 1 1

Table 62: HIGHCUT - data byte ODh bit description

Bit Symbol Description
7t05 HST[2:0] HCC start; start setting of the high cut control; see Table 63 and Figure 26
4 and 3 HSL[1:0] HCC slope; slope setting of the high cut control (a10 kHz/Veq.LEVEL): S€€ Figure 26
00 =9 dB/V
01=11dB/NV
10 =14 dB/V
11 =18dB/V
2t00 HCF[2:0] HCC maximum bandwidth; setting of the fixed high cut control; see Table 64, Figure 26 and
Figure 27
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Table 63:  Start of high cut control weak signal processing

HST2 HST1 HSTO High cut control start (V  eq.LEVEL)
0 0 0 15V

0 0 1 175V

0 1 0 20V

0 1 1 225V

1 0 0 25V

1 0 1 3.0V

1 1 0 35V

1 1 1 40V

Table 64: Fixed high cut settings

HCF2 HCF1 HCFO Fixed high cut; HCC B ax
0 0 0 reserved

0 0 1 2 kHz

0 1 0 3 kHz

0 1 1 5 kHz

1 0 0 7 kHz

1 0 1 10 kHz

1 1 0 wide bandwidth

1 1 1 full bandwidth
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0 001aab597 0 full bandwidth

\
HST[2:0 /
010 kHz (2:0] 010 kHz — wide bandwidth

7
CARRYA VS yaAvAV

ST 3 7/ e
010 %\/// ”/ 1,

5 011~/ S/
[T i

VAN AWAWAN, i

/// /// //100 //101 //110 //111 (3;SL[1:0%0/ Of/lﬁ /1/1 1,

12 / / 12 ” / / / / 2

15 15

0.5 1.5 25 35 0.5 1.5 25
Veq.LEVEL (V) Veq.LEVEL (V) 001aad655

HCF =111, HCSF = 0, HCSFH = 0, HSL = 10. HST =100.
(1) HCSFH = 1; HCSF = 1; Bpin = 5.6 kHz.
(2) HCSFH = 1; HCSF = 0; Bmin = 3.9 kHz.
(3) HCSFH = 0; HCSF = 1; Bpin = 3.3 kHz.
(4) HCSFH = 0; HCSF = 0; Bmin = 2.2 kHz.
a. Start. b. Slope and minimum bandwidth.

Fig 26. High cut control start and slope settings versus equivalent level voltage; HCC detector (HCMP = O for level
or HCMP = 1 for level, WAM and USN)

8 00laab542
gain
(dB) HCF[2:0]
0 A
NN 210
\ N N N\ i i
\ 101
-8 1
N
il
-16 0‘1(‘,,,,,,,
001
-24
1072 1071 1 10 102
f (kHz)
Fig 27. Fixed high cut setting characteristics
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8.2.16 Write mode: data byte SOFTMUTE

Table 65: SOFTMUTE - format of data byte OEh with default setting

7 6 5 4 3 2 1 0
MST2 MST1 MSTO MSL1 MSLO UuMD1 UMDO MSLE
0 1 1 0 1 0 1 0

Table 66: SOFTMUTE - data byte OEh bit description
Bit Symbol Description

7t05 MST[2:0] soft mute start; start setting of the soft mute; for FM see Table 67 and
Figure 28; for AM see Table 68 and Figure 29

4 and 3 MSL[1:0] soft mute slope [l; slope setting of the soft mute (a4 kHz/Veq.LEVEL); for
FM see Table 69 and Figure 28; for AM see Table 70 and Figure 29

2and 1 UMD[1:0] USN soft mute depth; setting of the maximum attenuation of the USN fast
soft mute control; see Figure 30

00=3dB
01=6dB
10=9dB
11=12dB

0 MSLE soft mute slope extension; additional slope setting of the soft mute; for
FM see Table 69 and Figure 28; for AM see Table 70 and Figure 29

[1] When for an external audio source dynamic compression is enabled (bit COMP is logic 1) the MSL setting
controls the compression ratio. For default 2 : 1 compression MSL = 01 is used; see Table 82.
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Table 67: Start of soft mute control weak signal processing; FM mode ]
MST2 MST1 MSTO Soft mute control start (V  eq.LevEL)

0.88 Vv

10V

112V

1.25V

1.38V

0.75V

0.81V

0.94V

P Pk PP O O O O
P O O |+ O O
P O r O L O Fr O

[1] When for an external audio source dynamic compression is enabled (COMP = 1) the MST setting controls
the compression range. For default full compression MST = 7 is used; see Table 81.

Table 68: Start of soft mute control weak signal processing; AM mode [
MST2 MST1 MSTO Soft mute control start (V  eq.LevEL)

15V

175V

20V

1.25V

1.38V

1.62V

1.88V

212V

P Pk PP O O O O
P O O |+ O O
P O r O L O - O

[1] When for an external audio source dynamic compression is enabled (COMP = 1) the MST setting controls
the compression range. For default full compression MST = 7 is used; see Table 81.

Table 69: Slope of soft mute control weak signal processing; FM mode ]
MSLE MSL1 MSLO Soft mute control slope ( aar/Veq.LEVEL)

8 dB/V

16 dB/V

24 dB/IV

32dB/V

40 dB/V

48 dB/V

reserved

P Pk PP O O O O
P O O |+ O O
P O P O L O Fr O

reserved

[1] When for an external audio source dynamic compression is enabled (COMP = 1) the MSL setting controls
the compression range. For default 2 : 1 compression MSL = 1 is used; see Table 82.
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MSL1 MSLO MSLE

P P PP O O O O
P Pk O O Fr| L, O O
R O Fkr O L O L, O

Soft mute control slope ( aar/Veq.LEVEL)
8 dB/V

12 dB/V

16 dB/V

20 dB/V

24 dBIV

28 dB/V

32 dB/V

36 dB/V

[1] When for an external audio source dynamic compression is enabled (COMP = 1) the MSL setting controls the compression range. For
default 2 : 1 compression MSL = 1 is used; see Table 82.

0 001aad656 0 001aad658
0
Omute Omute @ 7/
dB dB
“® MST[2:0] @ | /
12 6 /
@) //
Gy
24 12 )
(1E)
36 18
48 24
0.5 1.0 15 25 0.5 0.75 1.0 1.25 15
Veg.LEVEL (V) Veg.LEVEL (V)
MSL[1:0] = 11. MST[2:0] = 000.
(0) MSLE = 0; MSL[1:0] = 00.
(1) MSLE = 0; MSL[1:0] = 01.
(2) MSLE = 0; MSL[1:0] = 10.
(3) MSLE = 0; MSL[1:0] = 11.
(OE) MSLE = 1; MSL[1:0] = 00.
(1E) MSLE = 1; MSL[1:0] = 01.
a. Start. b. Slope.
Fig 28. Soft mute start and slope settings versus equivalent level voltage (FM mode)
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0 00laad657 0 00laad659
777
e / e Z
¢ / MST[2:0] ©) L—1 ///
4/ - //// /A
S (/2 / /
/4 i
994 @ /@)
N W,
0.5 1.0 1.5 2.0 25 0.5 0.75 1.0 1.25 1.5
Veg.LEVEL (V) Veg.LEVEL (V)

MSL[1:0] = 11. MST[2:0] = 011.
(0) MSL[1:0] = 00; MSLE = 0.
(OE) MSL[1:0] = 00; MSLE = 1.
(1) MSL[1:0] = 01; MSLE = 0.
(1E) MSL[1:0] = 01; MSLE = 1.
(2) MSL[1:0] = 10; MSLE = 0.
(2E) MSL[1:0] = 10; MSLE = 1.
(3) MSL[1:0] = 11; MSLE =0.
(3E) MSL[1:0] = 11; MSLE = 1.
a. Start. b. Slope.

Fig 29. Soft mute start and slope settings versus equivalent level voltage (AM mode)

0 00laab544

Amute 00
(dB)
6 01
10
12 11
UMD[L:0]
18
0.5 0.75 1 1.25 1.5

Veq.LEVEL (V)

MST[2:0] = 011, MSL[1:0] = 10.
Fig 30. USN soft mute depth settings; USN detector
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8.2.17 Write mode: data byte RADIO

Table 71: RADIO - format of data byte OFh with default setting

7 6 5 4 3 2 1 0
0 MONO DEMP RDCL NBS1 NBSO NBL1 NBLO
0 0 1 1 0 1 0

Table 72: RADIO - data byte OFh bit description

Bit Symbol Description
7 - reserved; O = normal operation
6 MONO FM forced mono; stereo decoder disable option

0 = stereo decoder is set to FM stereo
1 = stereo decoder is set to FM mono
5 DEMP de-emphasis; selection of the de-emphasis time constant; see Figure 31
0 = de-emphasis is 75 ps
1 = de-emphasis is 50 ps
4 RDCL RDS output mode
0 = direct output mode; clock output and data output; see Figure 32

1 = buffered output mode; clock input and data output of 16-bit data
buffer and optional 3-bit demodulation quality (RDQ counter); see

Figure 33
3and 2 NBS[1:0] noise blanker audio sensitivity

FM audio noise blanker sensitivity setting of FM MPX ignition noise
detector (peak value of noise pulse at MPX signal)

00 = 65 mV (high sensitivity)
01 =100 mV
10 =125 mV
11 = 160 mV (low sensitivity)

AM audio noise blanker sensitivity setting of audio ignition noise detector
(trigger slew rate of MPX signal)

00 = 16.5 V/ms (high sensitivity)
01 =18.6 VIms

10 =21 VIms

11 = 23.5 V/ms (low sensitivity)
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Table 72: RADIO - data byte OFh bit description  ...continued
Bit Symbol Description

landO NBL[1:0] noise blanker IF or level sensitivity

FM audio noise blanker sensitivity setting of FM level ignition noise
detector (peak value of noise pulse at level voltage)

00 = 10 mV (high sensitivity)
01=25mV

10=36 mV

11 =50 mV (low sensitivity)

AM IF noise blanker sensitivity setting of IF ignition noise detector (peak
voltage of noise pulse at RF dummy aerial input)

00 = 1.4V (low sensitivity)
01=10V

10 = 0.7 V (high sensitivity)

11 = AM IF noise blanker disabled

8 001aab545
gain
(dB)
0 \
N
N
DEMP
-8
1
-16
0
24
1072 107t 1 10 102
f (kHz)
Fig 31. De-emphasis setting characteristics
RDDA output X
\
RDCLoutput] /\/\/\/\/ \_
L t
—> bit slip —>|
4pus  >400 ps (as may occur at 4pus  >400ps
poor reception)
001aab546
This mode is compatible with e.g. SAA6579, SAA6581, SAA770xH and TEF6890H.
Fig 32. RDS demodulator direct output mode (RDCL = 0); RDCL clock is output
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data
RDDA output avallable

D15
RDCL input m
3=—== 001aab547

15

a. The controlling microprocessor generates 16 clock pulses for output of 16 bits of buffered
RDS data. This mode use is compatible with e.g. SAA770xH and TEF6890H.

data -
RDDA output avallable D1 DO / Q2 Q1 Qo0 /
RDCL input L ’
1=777 15 16 17 18 19 20

001aab548

b. The controlling microprocessor generates 20 clock pulses for output of 16 bits of buffered
RDS data, a separator bit (logic 1) and 3 bits of RDQ bit quality counter information.
RDQ: 111 = good reception, 000 = poor or no reception. RDQ counter decrements on
each bad quality data bit.

Fig 33. RDS demodulator buffered output mode (RDCL = 1); RDCL clock is input

8.2.18 Write mode: data byte INPUT

Table 73: INPUT - format of data byte 10h with default setting

7 6 5 4 3 2 1 0
INP3 INP2 INP1 INPO ING3 ING2 ING1 INGO
0 0 0 0 1 0 1 0

Table 74: INPUT - data byte 10h bit description

Bit Symbol Description
7t04 INP[3:0] input selection; selection of the audio source for the tone/volume part;
see Table 75
3to0 ING[3:0] Input gain; —10 dB to +18 dB input gain. The ING input gain setting is
added to the VOL volume setting to define the actual volume control;
see Table 76.
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Table 75: Input select

INP3 INP2 INP1 INPO Audio source for tone/volume processing

radio

stereo with CMR (INAL, INAR and INAC)

stereo (INBL and INBR)

mono symmetrical or mono with CMR (INC and IND)
stereo (INC and IND)

mono (INC)

mono (IND)

stereo with CMR (INBL, INBR and INC)

stereo symmetrical (INBL, INBR, INC and IND)
stereo (INAL and INAR)

mono (INAC)

stereo symmetrical (INAL, INAR, INAC and INAD)
stereo (INAC and INAD)

stereo with CMR (INBL, INBR and INAD)

mono (INAD)

reserved

PR,k R PRRr P r o oo oloo oo
B PP P O OOOURRERROOOO
P P OOPRPrR OOR PR OO PrR P oo
H OPFr OPFP OFP OFR OFR O FrR or o

Table 76:  Input gain setting

ING3 ING2 ING1 INGO Input gain control
-10dBM
-8 dB

-6 dB

-4 dB
-2dB
0dB
2dB
4.dB

6 dB

8 dB
10dBll
12dBll
14 dBll
16 dB [
18 dBll
mute

P R Rl olololo o olololrlr kiR ek
©O O O Fr FP PFrR PFPR OOOCORFR PFR PFRPrRoO
P O O Fr P OO RFR P OO PFR PFrLR OOFFR

P OFr OFRr OFR O R O FR O R O R

o

[1] The input gain setting ING and the volume setting VOL define the overall volume. The overall range is
limited to —-83 dB to +26 dB. For overall values > +28 dB the actual gain is +28 dB. For overall values
< =83 dB the circuit is muted.
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Table 77: Input select pin use and suggested combinations of input sources )
INP  |Input pin use Audio Source combinations
AL AR |AC |AD [BL [BR [c |p |source
0000 radio X X [X (X X [X X X |X|X X XXX XX
0001 'L R GND stereo CMR X X |[X X X X
0010 L R stereo X X X X X X X X X X X
0011 M- M+  mono X X X X X
symmetrical
0100 L- R- stereo X X X X
0101 M- mono X X X X
0110 M mono X X X X X X
0111 L R GND stereo CMR X X
1000 L+ R+ L- R- stereo X
symmetrical
1001 L R stereo X X X X X
1010 M- mono X X
1011 L+ R+ L- R- mono X X X X |X
symmetrical
1100 L— R- stereo X X X
1101 GND L R stereo CMR X X
1110 M- mono X X [X X X X
[1] M-, L-and R-indicate inverted polarity of audio signal.
8.2.19 Write mode: data byte VOLUME
Table 78: VOLUME - format of data byte 11h with default setting
7 6 5 4 3 2 1 0
COMP VOL6 VOL5 VOL4 VOL3 VOL2 VOL1 VOLO
0 0 1 1 0 0 0 0

Table 79: VOLUME - data byte 11h bit description

Bit
7

6to0

Symbol
COMP

VOL[6:0]

Description

dynamic compression [1I; see Figure 36

0 = compression is disabled (standard use)

1 = dynamic compression is enabled

volume setting (see Table 83); for balance control see data byte 16h (see Table 95), for
loudness control see data byte 17h (see Table 98)

[1] Dynamic compression can be used with external sources only. When dynamic compression is active, the radio quality detection of USN,
MOD and OFFS is limited to AF update tuning only. For dynamic compression the bits MODJ[4:0] indicate the external source input
amplitude as in the VU-meter mode; AVUM; data byte 17h (see Table 98). The FM dynamic bandwidth control is disabled and a fixed
bandwidth of 113 kHz is defined. However, other fixed bandwidth settings are available by DYN = 0 and the setting of BW; data byte Oh
(see Table 28). The compression recovery timing is controlled by data byte 0Bh; TIMING (see Table 80). Compression start and slope
are controlled by data byte OEh; SOFTMUTE (see Table 81 and Table 82). Standard compression requires a setting of MST = 7 and

MS

TEF6903A_1

L=1.
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Table 80: Dynamic compression timing; MTC[2:0] of data byte OBh; TIMING [

MTC2 MTC1 MTCO tattack trecovery
0 0 0 0.02s 0.03s
0 0 1 0.02s 0.06 s
0 1 0 0.02s 02s

0 1 1 0.02s 5s

1 0 0 0.02s 06s

1 0 1 0.02s 10s

1 1 0 0.02s 1s

1 1 1 0.02s 2s

[1] Setting MTC is also in use for setting the timing of weak signal soft mute control during radio operation.

Table 81: Dynamic compression start; MST[2:0] of data byte OEh; SOFTMUTE ]

MST2 MST1 MSTO Compression range

0 0 0 reserved

0 0 1 reserved

0 1 0 reserved

0 1 1 start =4 dBV; 2 : 1 range = 2 dB

1 0 0 start = -4 dBV; 2 : 1 range = 6 dB

1 0 1 start =-12 dBV; 2 : 1 range = 10 dB

1 1 0 start = -20 dBV; 2 : 1 range = 14 dB

1 1 1 start = =34 dBV; full range (2 : 1 = 18 dB)

[1] Setting MST is also in use for setting the start of weak signal soft mute control during radio operation.

Table 82: Dynamic compression slope; MSL[1:0] of data byte OEh; SOFTMUTE ]
MSL1 MSLO Compression ratio
0 0 4 : 3; full range = 9 dB

0 1 standard compression (2 : 1); full range = 18 dB
1 0 4:1; full range = 27 dB
1 1 limiting; full range = 36 dB

[1] Setting MSL is also in use for setting the slope of weak signal soft mute control during radio operation.
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1V =0dBY, (MST, MSL) control.

line input (dBV)

A volume
(dB) 61 (1 @1 @0
N 31
(7.0) \\\\§ g 3
7.1 '
] 72 \ \
10 (7.3) \ N
\ N
-20
-60 -50 -40 -30 -20 -10 \o 6

00laac443

Fig 34. Dynamic compression volume control; non-standard characteristics

Fig 35. Dynamic compression volume control; typical setting

line input (dBV)
001aab835

1V =0dBV, MST = 7 (MST[2:0] = 111), MSL = 1 (MSL[1:0] = 01).

40 dB >1:1
Avolume
(dB) 24.dB 2:1
’ | \
? 18
-10 1o dB
dB
-20
-60 -50 -40 -30 =20 -10 0 6
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001aab549
0 |

line output |
(dBV)

-20

COMP =1;

COMP =0;
/ls‘dB VOL = -20 dB

-60 -40 -20 0 +6 20
line input (dBV)

1V=0dBW.

Dynamic compression is realized by attenuation of the volume setting. To match the audio
amplitudes with and without compression a higher volume (VOL) setting should be selected
when compression is activated. The VOL correction value used defines the positioning of the
compression characteristic high signal attenuation and low signal amplification.

In this example: COMP = 0: VOL = ‘user volume’; COMP = 1: VOL = ‘user volume’ + 15.

Fig 36. Example of input to output compression

Table 83: Volume setting
VOLG6 VOL5 VOL4 VOL3 VOL2 VOL1 VOLO Volume (dB)

0 0 0 0 0 0 0 281
0 0 0 0 0 0 1 271
0 0 0 0 0 1 0 26
0 0 0 0 0 1 1 2501
0 0 0 0 1 0 0 241
0 0 0 0 1 0 1 230
0 0 0 0 1 1 0 221
0 0 0 0 1 1 1 211
0 0 0 1 0 0 0 201
0 0 0 1 0 0 1 19
0 0 0 1 0 1 0 181
0 0 0 1 0 1 1 171
0 0 0 1 1 0 0 16
0 0 0 1 1 0 1 1514
0 0 0 1 1 1 0 1414
0 0 0 1 1 1 1 1314
0 0 1 0 0 0 0 12
0 0 1 0 0 0 1 114
0 0 1 0 0 1 0 10

0 0 1 0 0 1 1 9
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...continued

Volume setting

VOL5

Table 83:

Volume (dB)

VOL3 VOL2 VOL1 VOLO

VOL4

VOLG6

-10
-11
=12
-13
-14
-15
-16
-17
-18
-19
-20
-21
=22
-23
-24
-25
-26
=27
-28
-29
-30

-31
-32
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Table 83: Volume setting ...continued
VOL6 VOL5 VOL4 VOL3 VOL2 VOL1 VOLO Volume (dB)

0 1 1 1 1 0 1 -33
0 1 1 1 1 1 0 -34
0 1 1 1 1 1 1 -35
1 0 0 0 0 0 0 -36
1 0 0 0 0 0 1 =37
1 0 0 0 0 1 0 -38
1 0 0 0 0 1 1 -39
1 0 0 0 1 0 0 -40
1 0 0 0 1 0 1 -41
1 0 0 0 1 1 0 -42
1 0 0 0 1 1 1 -43
1 0 0 1 0 0 0 -44
1 0 0 1 0 0 1 -45
1 0 0 1 0 1 0 -46
1 0 0 1 0 1 1 -47
1 0 0 1 1 0 0 -48
1 0 0 1 1 0 1 -49
1 0 0 1 1 1 0 -50
1 0 0 1 1 1 1 -51
1 0 1 0 0 0 0 -52
1 0 1 0 0 0 1 -53
1 0 1 0 0 1 0 -54
1 0 1 0 0 1 1 -55
1 0 1 0 1 0 0 -56
1 0 1 0 1 0 1 5712
1 0 1 0 1 1 0 -5812]
1 0 1 0 1 1 1 -591[2]
1 0 1 1 0 0 0 -60102
1 0 1 1 0 0 1 -6112
1 0 1 1 0 1 0 -62102
1 0 1 1 0 1 1 634
1 0 1 1 1 0 0 -6412
1 0 1 1 1 0 1 -65[2
1 0 1 1 1 1 0 -6612]
1 0 1 1 1 1 1 -6712
1 1 0 0 0 0 0 -6812
1 1 0 0 0 0 1 -69(2
1 1 0 0 0 1 0 -702
1 1 0 0 0 1 1 -7112
1 1 0 0 1 0 0 -7212
1 1 0 0 1 0 1 -7312
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Table 83: Volume setting ...continued
VOL6 VOL5 VOL4 VOL3 VOL2 VOL1 VOLO Volume (dB)

1 1 0 0 1 1 0 -7401[2]
1 1 0 0 1 1 1 -7501[2]
1 1 0 1 0 0 0 -761[2
1 1 0 1 0 0 1 772
1 1 0 1 0 1 0 -78011[2
1 1 0 1 0 1 1 7902
1 1 0 1 1 0 0 8o
1 1 0 1 1 0 1 -g1 M2
1 1 0 1 1 1 0 -g201[2
1 1 0 1 1 1 1 -g3M[2]
1 1 1 0 0 0 0 -84 12
1 1 1 0 0 0 1 -85 [2]
1 1 1 0 0 1 0 -86[2
1 1 1 0 0 1 1 -g7 2
1 1 1 0 1 0 0 -88 12
1 1 1 0 1 0 1 -89 [i[2]
1 1 1 0 1 1 0 —o0 M2
1 1 1 0 1 1 1 -91 2]
1 1 1 1 0 0 0 -9211[2
1 1 1 1 0 0 1 -93[[2]
1 1 1 1 0 1 0 -94[11[2]
1 1 1 1 0 1 1 -95 [ [2]
1 1 1 1 1 0 0 9612
1 1 1 1 1 0 1 9712
1 1 1 1 1 1 0 -og 2
1 1 1 1 1 1 1 mute

[1] The overall gain is the sum of the input gain setting ING[3:0] and the volume setting VOL[6:0].

The overall gain has a range of +28 dB to —83 dB.
For ING + VOL > 28 dB the overall gain is 28 dB.
For ING + VOL < -83 dB the mute is active.
[2] For overall gain values below —75 dB (ING + VOL < -75 dB) the gain steps have a monotonous sequence.

The values of gain set error, gain step error and gain tracking error are not specified. The minimum gain
value is determined by the mute value.
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Table 84: TREBLE - format of data byte 12h with default setting

7 6 5 4 3 2 1 0
0 TRE2 TRE1 TREO TREM TRF1 TRFO 0
0 0 0 1 1 0
Table 85: TREBLE - data byte 12h bit description
Bit Symbol Description
7 - reserved; O = normal operation
6to4 TRE[2:0] treble setting; treble amplification or gain setting; see Table 86 and
Figure 37
3 TREM treble control mode; treble control of attenuation or gain; see Table 86
0 = treble mode is set to attenuation
1 = treble mode is set to gain
2and 1 TRF[1:0] treble frequency
00 =8 kHz
01 =10kHz
10 =12 kHz
11 =15 kHz
0 - reserved; O = normal operation
Table 86:  Treble control setting
TRE2 TRE1 TREO Treble control
TREM =0
0 0 0 0dB
0 0 1 -2 dB
0 1 0 -4 dB
0 1 1 -6 dB
1 0 0 -8dB
1 0 1 -10 dB
1 1 0 -12 dB
1 1 1 -14 dB
TREM =1
0 0 0 0dB
0 0 1 2dB
0 1 0 4dB
0 1 1 6 dB
1 0 0 8 dB
1 0 1 10dB
1 1 0 12 dB
1 1 1 14 dB
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Fig 37. Treble amplitude control characteristics; treble frequency (TRF) = 10 kHz
8.2.21 Write mode: data byte BASS
Table 87: BASS - format of data byte 13h with default setting
7 6 5 4 3 2 1 0
BAS3 BAS2 BAS1 BASO BASM BAF1 BAFO 0
0 0 0 0 1 1 0
Table 88: BASS - data byte 13h bit description
Bit Symbol Description
7t04 BAS[3:0] bass setting; bass amplification or gain setting; see Table 89 and Figure 38
3 BASM bass control mode; bass control of attenuation or gain; see Table 89

0 = bass mode is set to attenuation
1 = bass mode is set to gain

2and1 BAF[1:0] bass frequency
00 =60 Hz
01 =80Hz
10 =100 Hz
11 =120 Hz
0 - reserved; O = normal operation
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Table 89:  Bass control setting

BAS3 BAS2 BAS1 BASO Bass control
BASM =0
0 0 0 0 0dB
0 0 0 1 -2dB
0 0 1 0 -4 dB
0 0 1 1 -6 dB
0 1 0 0 -8 dB
0 1 0 1 -10dB
0 1 1 0 -12 dB
0 1 1 1 -14 dB
1 0 0 0 -16 dB
1 0 0 1 -18 dB
1 0 1 0 -20 dB
BASM =1
0 0 0 0 0dB
0 0 0 1 2dB
0 0 1 0 4dB
0 0 1 1 6 dB
0 1 0 0 8 dB
0 1 0 1 10dB
0 1 1 0 12 dB
0 1 1 1 14 dB
1 0 0 0 16 dB
1 0 0 1 18 dB
1 0 1 0 20 dB
16 001aab551
Ghass — T
(dB) | _——— N
g T 1 | N

AN\

—
— LA
~——

1071 1 10 102
faudio (KHz)

Fig 38. Bass amplitude control characteristics; bass frequency (BAF) = 60 Hz
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8.2.22 Write mode: data byte FADER

Table 90: FADER - format of data byte 14h with default setting

7 6 5 4 3 2 1 0
FADM1 FADMO FADS FAD4 FAD3 FAD2 FAD1 FADO
0 0 0 0 0 0 0 0

Table 91: FADER - data byte 14h bit description
Bit Symbol Description

7 and 6 FADM[1:0] fader mode; enable fader control for front or rear
00 = no fader; front output = 0 dB; rear output = 0 dB
01 = rear fader; front output = 0 dB; rear output = FAD[5:0]
10 = front fader; front output = FAD[5:0]; rear output = 0 dB
11 = output volume; front output = FAD[5:0]; rear output = FAD[5:0]

5t00 FAD[5:0] Fader attenuation setting; 00 0000 to 11 1111 = -1 dB to —64 dB. For
output mute control see data byte 15h; OUTPUT (see Table 92).
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8.2.23 Write mode: data byte OUTPUT

TEF6903A_1

Table 92: OUTPUT - format of data byte 15h with default setting

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EXP1 EXPO EXPS OUTA MULF MURF MULR MURR
0 0 0 0 1 1 1 1

Table 93: OUTPUT - data byte 15h bit description [

Bit Symbol Description
7 and 6 EXP[1:0] external processor selection; enable I/O between tone and fader; see
Table 94 and Figure 39
5 EXPS output selector for external processor; see Figure 39
0 = output signal from TREBLE output
1 = output signal from source selector output
4 OUTA output gain
0 = standard output gain
1 = output gain is 3 dB
3 MULF left front output mute
0 = output LFOUT is enabled
1 = output LFOUT is muted
2 MURF right front output mute
0 = output RFOUT is enabled
1 = output RFOUT is muted
1 MULR left rear output mute
0 = output LROUT is enabled
1 = output LROUT is muted
0 MURR right rear output mute
0 = output RROUT is enabled
1 = output RROUT is muted
[1] Output gain (OUTA) and output mute (MUxx) control is active for all signal selections. Fader control (FADM,

FAD) is active for every signal selection except for the internal audio of ‘external I/O rear only’ mode at the
front output.

The internal audio signal is available on output pins PLOUT and PROUT independent of the EXP bit
setting.

The output level on pins PLOUT and PROUT as well as the input level for pins INPL and INPR is 1 V for the
maximum line output level of 1.4 V (OUTA=0) or 2 V (OUTA = 1).

Table 94: External processor selection

EXP1 EXPO External 1/0 mode Front output Rear output

0 0 internal internal audio internal audio

0 1 external input into tone/volume external signal via external signal via
part tone/volume part tone/volume part

1 0 external input into fader part external signal external signal

1 external input into fader part, internal signal at external signal
rear only PLOUT/PROUT
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INPL
INPR
1V
EXP EXP
INPUT 10
2v 01 INPUT GAIN, BASS 11 —[} LROUT
- VOLUME, ' - FRONT/REAR | EXP RROUT
— INPUT 7| sALANCE, |> LoRERLE A FADER
——] SELECT MUTE L
_ -6.dB +3dB _/3_[> LFOUT
RFOUT
EXPS 11 +3dB 14V
0 (+6dB) (2V)
- PLOUT
7~ PROUT
1 1v
001aab552
Fig 39. External processor connections

8.2.24 Write mode: data byte BALANCE

Table 95: BALANCE - format of data byte 16h with default setting

7 6 5 4 3 2 1 0
BALM BAL6 BALS BAL4 BAL3 BAL2 BAL1 BALO
1 0 0 0 0 0 0 0

Table 96: BALANCE - data byte 16h bit description
Bit Symbol Description

7 BALM balance control mode; sets the balance mode to left or right attenuation
0 = left channel is attenuated
1 =right channel is attenuated

6t00 BAL[6:0] balance setting; see Table 97

Table 97: Balance attenuation setting [

BAL6 BALS BAL4 BAL3 BAL2 BAL1 BALO Balance (dB)
0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 -1
0 -110
-111
1 1 1 0 0 0 0 mute

[1] The maximum obtainable attenuation of volume and balance is limited to —=83 dB. For VOL + BAL attenuation settings below —83 dB;
mute is activated.
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8.2.25 Write mode: data byte LOUDNESS

Table 98: LOUDNESS - format of data byte 17h with default setting

7 6 5 4 3 2 1 0
AVUM ASFD 0 LDON LDHB LDS2 LDS1 LDSO
0 0 0 1 1 0 0

Table 99: LOUDNESS - data byte 17h bit description

Bit Symbol Description

7 AVUM audio VU-meter mode [
0 = MOD read information indicates the modulation of the radio
channel

1 and an external input source is selected = MOD read information will
indicate the input amplitude of the selected source

6 ASFD ASI filter disable

0 = normal operation

1 = no low-pass filter inserted during ASI
5 - reserved; O = normal operation
4 LDON loudness on

0 = loudness control is disabled

1 = loudness control is active; loudness is controlled by the volume
setting

3 LDHB loudness high boost; see Figure 40
0 = loudness control is limited to bass gain
1 = loudness controls bass gain and treble gain

2t0 0 LDS[2:0] loudness start setting; loudness start defines the volume setting below
which loudness control is activated; see Table 101 and Figure 40

[1] The VU-meter mode can be used with external sources only. When the VU-meter mode is active, the radio
quality detection of USN, MOD and OFFS is limited to AF update tuning only. During VU-meter mode the
bits MOD[4:0] indicate the external source input amplitude. The FM dynamic bandwidth control is disabled
and a fixed bandwidth of 113 kHz is defined. However, other fixed bandwidth settings are available by
DYN = 0 and the setting of BW; data byte Oh (see Table 28). See Table 100 for compression recovery timing
control. VU-meter mode is automatically activated when audio compression is on (COMP = 1).

Table 100: VU-meter timing; HTC[2:0] of data byte OBh; TIMING [

HTC2 HTC1 HTCO tattack trecovery
0 0 0 0.02s 0.03s
0 0 1 0.02s 0.06 s
0 1 0 0.02s 0.2s

0 1 1 0.02s 5s

1 0 0 0.02s 0.6s

1 0 1 0.02s 10s

1 1 0 0.02s 1s

1 1 1 0.02s 2s

[1] Setting HTCJ[2:0] is also in use for setting the timing of weak signal high cut control during radio operation.
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Table 101: Loudness start

LDS2 LDS1 LDSO Start of loudness at volume setting
0 0 0 -12 dB
0 0 1 -16 dB
0 1 0 -20 dB
0 1 1 -24 dB
1 0 0 -28 dB
1 0 1 -32dB
1 1 0 -36 dB
1 1 1 -40 dB
_12 001aab599
gain
(dB) VOL =
s =
%\Qb\ I — -24
N \ — -26
-28 A N\ o~ 28
Q ~——| -30
S~ —32
~N I -34
-36 \k\\‘~ -36
—— -38
T~ ] —40
- 2 1
2x10" 10~ 1 10 20
faudio (kHz)
a. LDON=1,LDHB=0.
_12 001aab553
gain
(dB) VOL =
20 -20
—
b\b\é& I — —24
NN \ —~ -26/-28
o8 \ N \ -30
\ T -32
\\ — ~34/-36
N —
_36 \ | —T | -40
~— —
-44
2x1072 1071 1 10 20
faudio (kH2)
b. LDON=1, LDHB = 1.
Fig 40. Loudness control characteristics; loudness start = —-20 dB, bass frequency = 60 Hz,
treble frequency = 10 kHz; bass gain = 0 dB, treble gain = 0 dB
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8.2.26 Write mode: data byte POWER

Table 102: POWER - format of data byte 18h with default setting

7 6
0 STBT
0

5 4 3 2 1 0
STBR ASC1 ASCO ASI AST1 ASTO
0 0 0 1 1 0

Table 103: POWER - data byte 18h bit description [l

Bit Symbol
7 -

6 STBT
5 STBR

4and 3 ASCJ1:0]

2 ASI

1and0  AST[1:0]

Description
reserved; O = normal operation
standby tuner

0 = normal operation

1 = power consumption is reduced by disabling part of the tuner circuit;
radio operation is disabled

standby RDS demodulator

0 = normal operation

1 = RDS demodulator in Standby mode
ASI clock frequency

00 =10 MHz

01 =5 MHz

10 =2.5 MHz

11 = 1.3 MHz
audio step interpolation

0 = audio step interpolation is disabled

1 = audio step interpolation is enabled
ASI step time; selection of the audio step interpolation time

00=1ms

01=3ms

10=10ms

11 =30 ms

[1] The power saving offered by the Standby modes is limited and is not intended to realize an effective

power-down.

8.2.27 Write mode: data bytes RESERVED

Table 104: RESERVED - format of data byte 19h to 1Fh

7 6
0 0

5 4 3
0 0 0 0 0 0

Table 105: RESERVED - data byte 19h to 1Fh bit description [l

Bit Symbol
7t00 -

Description
reserved; O = normal operation

[1] Reserved bits may control test options for factory testing.

TEF6903A_1

© Koninklijke Philips Electronics N.V. 2006. All rights reserved.

Preliminary data sheet

Rev. 01 — 13 February 2006 74 of 110

www.DataSheetdU.com



Philips Semiconductors TEF6903A

. Integrated car radio

9. Limiting values

Table 106: Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min Max Unit

Vee analog supply voltage on pins VCC, -0.3 +10 \%
VCCPLL, VCCVCO, VCCRF,
AMMIX20UT1, AMMIX20UT2, MIX10UT1
and MIX10UT2

AVce voltage difference between any VCC pins -0.3 +0.3 \Y,
Vveo supply voltage for FM filter and [ -0.3 Ve + 0.3 \%
demodulator
V) digital input voltage on pins SCL, SDA and -0.3 +5.5 \%
ADDR
Vi voltage on all other pins 0l —0.3 Veec +0.3 \%
Tstg storage temperature -40 +150 °C
T; junction temperature - +150 °C
Tamb ambient temperature -40 +85 °C
Vesd electrostatic discharge voltage on
all pins except VCCVCO human body model 2 -2000 +2000 \%
machine model Bl —200 +200 \%
pin VCCVCO human body model [4 -1750 +1750 \%
machine model Bl -175 +175 \Y,

[1] The maximum voltage should be less than 10 V.
[2] Class 2 according to JESD22-A114-B.

[3] Class B according to EIA/JJESD22-A115-A.

[4] Class 1C according to JESD22-A114-B.

[5] Class A according to EIA/JJESD22-A115-A.

10. Thermal characteristics

Table 107: Thermal characteristics

Symbol Parameter Conditions Typ Unit

Rin(-a) thermal resistance from junction to ambient in free air 53 KIW

Rin(-c) thermal resistance from junction to case 14 KIW
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11. Static characteristics

Table 108: Static characteristics
Vee =8.5V, Tamp = 25 °C; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Supply voltage
Vce analog supply voltage on pins VCC, 8 8.5 9 \

VCCPLL, VCCVCO, VCCRF,
AMMIX20UT1, AMMIX20UT2,
MIX10UT1 and MIX10UT2

Vveo supply voltage for FM filter and 5.5 7.2 - \
demodulator

Current in FM mode

lcc supply current Tamp = -40 °C - 49 - mA
Tamp =25 °C 40 49 60 mA
Tamp =85 °C - 49 - mA
lcepLL supply current for tuning PLL Tamp = —40 °C - 4.0 - mA
Tamp =25 °C 2.9 3.6 5 mA
Tamp =85 °C - 3.3 - mA
lccveo supply current for VCO Tamp = -40 °C - 2.2 - mA
Tamp =25 °C - 2.1 - mA
Tamp =85 °C - 2.0 - mA
lccre supply current for RF Tamp = —40 °C - 12 16 mA
Tamp =25 °C 10.5 13.5 16.5 mA
Tamp =85 °C - 14 18.5 mA
lveo supply current for FM filter and Tamp = -40 °C - 28 - mA
demodulator Tomp = 25 °C 22 28 34 mA
Tamp =85 °C - 28 - mA
IMIX10UT1; bias current of FM and AM mixer 1 at Tgmp = —40 °C - 5.3 - mA
IMmix10UT2 output 1 or output 2 Tamb = 25 °C 4.3 57 75 mA
Tamp =85 °C - 6.0 8.0 mA
Current in AM mode
lcc supply current Tamp = —40 °C - 58 - mA
Tamp =25 °C 44 58 75 mA
Tamp =85 °C - 58 - mA
lccpLL supply current for tuning PLL Tamp = -40 °C - 3.9 - mA
Tamp =25 °C 2.9 3.6 5 mA
Tamp =85 °C - 3.2 - mA
lccveo supply current for VCO Tamp = —40 °C - 2.2 - mA
Tamp =25 °C - 2.1 - mA
Tamp =85 °C - 2.0 - mA
lccrF supply current for RF Tamp =40 °C - 8.8 - mA
Tamp =25 °C 6.7 8.8 13 mA
Tamp =85 °C - 8.8 - mA
TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.
Preliminary data sheet Rev. 01 — 13 February 2006 76 of 110

www.DataSheetdU.com



Philips Semiconductors TEF6903A

. Integrated car radio

Table 108: Static characteristics ...continued
Vee =8.5V; Tamp = 25 °C; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Iveo supply current for FM filter and Tamp = —40 °C - 8.0 - mA
demodulator Tomp = 25 °C 6 7.8 10.2 mA
Tamp =85 °C - 7.5 - mA
IMIx10UT1; bias current of FM and AM mixer 1 at Tgmp = —40 °C - 3.6 - mA
IMIx10UT2 output 1 or output 2 Tamb = 25 °C 26 3.45 45 mA
Tamp =85 °C - 3.3 - mA
IammixzouT1; bias current of AM mixer 2 at output 1 Typp = =40 °C - 55 - mA
lammix2ouT2  OF output 2 Tamb = 25 °C 3.7 4.6 5.5 mA
Tamp =85 °C - 3.7 - mA
Logic pins
ViH HIGH-level input voltage (pins RDCL 1.75 - 55 \%
and ADDR)
ViL LOW:-level input voltage (pins RDCL -0.2 - +1.0 \%
and ADDR)
lieak(od) open-drain leakage current (pins -10 - +10 HA
RDCL and RDDA)
VoL LOW-level output voltage (pins RDCL open collector; - - 0.4 \%
and RDDA) loo =3 mMA
Power-on reset; all registers in default setting, outputs muted, Standby mode
Vith(POR) threshold value of V¢ for power-on V¢ drop during
reset operation
Tamp = —40 °C - 6.8 - \Y,
Tamb =25 °C 6.15 6.3 6.45 \%
Tamb =85 °C - 5.8 - \Y,
12. Dynamic characteristics
12.1 Dynamic characteristics of the tuner
Table 109: Dynamic characteristics of the tuner
Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Unit
Crystal oscillator
ftal crystal frequency - 20.5 - MHz
CIN carrier-to-noise ratio fytal = 20.5 MHz; Af = 10 kHz 112 - - dBc
JHz
Circuit inputs: pins XTAL1 and XTAL2
Vo(osc)(rms) oscillator output voltage 1 8o 100 160 mV
(RMS value)
R real part of input VyTALL-XTAL2 = 1 mV - -500 -250 Q
impedance
Ci input capacitance - 8 - pF
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Table 109: Dynamic characteristics of the tuner

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Tuning system; see Table 38, Table 39 and Table 41
Voltage controlled oscillator
fosc(min) minimum oscillator - - 153.6 MHz
frequency
fosc(max) maximum oscillator 256 - - MHz
frequency
CI/N carrier-to-noise ratio fosc = 200 MHz; Af = 10 kHz; - 98 - dBc
Q=30 _Jﬁz
RR ripple rejection; fripple = 100 Hz; 44 50 - dB
\V; . Vecipple) = 50 mV (RMS);
RR = _Cclipple) fosc = 200 MHz; FM mode
MPXAM
Charge pump: pin CPOUT; see Table 40
Isink(cPy) charge pump CP1sink  Vepoutr=0.5V to 130 180 240 HA
current Veeprr — 1.3V, fref = 100 kHz
Isource(cP1) charge pump CP1 Vepoutr = 0.5V to -240 -180 -130 MA
source current Veepll — 1.3V, fref = 100 kHz
Isink(cP2) charge pump CP2 sink  Vepoyt =0.7 V to 270 360 480 HA
current Veeplr — 1.5V, fref = 50 kHz
Isource(cp2) charge pump CP2 Vcpoutr =0.7 Vto -480 -360 =270 HA
source current VeepLr — 1.5V, fref = 50 kHz
lsink(cP3) charge pump CP3 sink  Vcpoytr=0.7 Vto 580 780 1050 MA
current Vcepr — 0.7V,
fret = 20 kHz or 25 kHz
Isource(cP3) charge pump CP3 VepouT =0.7 V to -1050 =780 -580 HA
source current Vcep — 0.7V,
fref = 20 kHz or 25 kHz
Isink(cP4) charge pump CP4 sink  Vepoyt =0.7 V to 1040 1400 1900 HA
current VcepLr — 0.7 V; fref = 20 kHz
Isource(cP4) charge pump CP4 Vcpoutr =0.7 Vto -1900 -1400 -1040 HA
source current VeepLl — 0.7 V; fref = 20 kHz
Isink(cPs) charge pump CP5 sink  Vcpoytr=0.7 V to 1630 2200 2970 MA
current Veeprr = 0.7 V; fres = 10 kHz
Isource(cPs) charge pump CP5 Vepout =0.7 V to -2970 -2200 -1630 HA
source current VeepLr — 0.7 V; fref = 10 kHz
Charge pump: pin VTUNE
Isink charge pump sink Vytune = 0.8 V to 2070 2800 3780 HA
current VeepLL — 0.7V
Isource charge pump source Vytune = 0.8 V to -3780 -2800 -2070 HA
current Veep — 0.7V
tiune tuning time Europe FM and US FM band; - 0.75 1 ms
fret = 100 kHz; fre = 87.5 MHz
to 108 MHz
AM MW band; fef = 20 kHz; - 5 20 ms
fre = 0.53 MHz to 1.7 MHz
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Table 109: Dynamic characteristics of the tuner

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Tey inaudible AF update - 6 6.5 ms
cycle time including
1 ms mute start and
1 ms mute release time
Antenna Digital Auto Alignment (DAA)
DAA: pin DAAOUT [2]
lieak(DAA) antenna DAA input Vytune =04V 108V -10 - +10 nA
leakage current on pin
VTUNE (test mode)
AVym output voltage variation Tgqp = —40 °C to +85 °C; -30 - +30 mV
with temperature DAA[6:0] = 100 0000
AV (sink) output voltage variation Vyryne =4 V; I =50 pA -Vise - +V| s
caused by sink current
AV (source) output voltage variation Vyryne =4 V; I = =50 pA -V sg - +Viss
caused by source
current
tst settling time Vpoarour =0.2V108.25V; - 30 60 Hs
CL =270 pF
AM mode
Vo output voltage DAA[6:0] = 000 0000 - - 0.5 \%
DAA[6:0] =111 1111 8.0 - 8.5 \%
FM mode
Vo(n) output noise voltage Vytune =4V, - 30 100 N\
DAA[6:0] = 100 0000;
B = 300 Hz to 22 kHz
RR ripple rejection Vvrune =4V, - 40 - dB
DAA[6:0] = 101 0101;
fripple =100 Hz;
Vec(ripple) = 100 mV
Avo(step) step accuracy Vytune =2V -0.5V, g O +0.5V| s
Vo output voltage Vytune = 0.5V, - - 0.5 \%
DAA[6:0] = 000 0000
VVTUNE =4.25 V, 8 - - \Y
DAA[6:0] = 111 1111
VyTune =4V
DAA[6:0] = 000 0000 - - 0.5 \%
DAA[6:0] = 100 0000 3.8 4.23 4.65 \Y,
Vvtune =2V
DAA[6:0] = 101 0101 2.45 2.74 3.05 \Y,
DAA[6:0] = 010 1010 1.3 1.46 1.6 Y,
AM channel
AM RF AGC detector A: pin AMMIXLIN; see Figure 41
VAMMIXlIN(p—p) AM AGC start level AGC[lO] =00;m=1 700 1000 1400 mV
(peak-to-peak value)
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Table 109: Dynamic characteristics of the tuner  ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
AM RF AGC detector B: pin AMIF2IN; see Figure 41

Vamir2ing-p)  IF voltage on pin m = 1; foq = 400 Hz - 0.23 - \%

AMIF2IN for AGC start
(peak-to-peak value)

RF cascode AGC

AAGC AGC control range - 10 - dB
VVAMCAS cascode base voltage AGCJ1:0] = 00; maximum gain - 5 - \%
at cascode AGC
Rvamcas cascode base source - 1.6 - kQ
resistance
lvamcas cascode base current source current 100 - - HA
drive capability sink current i 0 _ LA
VVAMCASEB cascode emitter minimum gain at cascode - 320 - mV
DC voltage AGC
maximum gain at cascode
AGC
KAGC =1 - 800 - mV
KAGC =0 - 4.15 - \Y
lvAMCASEB cascode feedback - - 2 HA
current
RF PIN diode AGC current generator output: pin IAMAGC
AAGC AGC control range fre = 999 kHz; dummy aerial - 50 - dB
15 pF/60 pF
Isink(max) maximum AGC sink Viamace > 1V 10 - - mA
current
Isource AGC source current AGC not active - -2.5 - HA
Isink(Fm) AGC sink current in AGCSW =1 0.5 1 - mA
FM mode AGCSW =0 - - 100 nA
CiamMAGC source current - 3 - pF
generator output
capacitance
VvbDcPIN bias voltage for AM PIN 4.5 5 55 \%
diode
Rvbcpin bias source resistance - 150 - Q
Ibias(max) maximum bias current  source current 20 - - mA
sink current 30 - - MA

AM mixer 1 (IF1 = 10.7 MHz)
Mixer input: pins AMMIX1IN and AMMIX1DEC

R input resistance Bl 10 13.2 16 kQ

Ci input capacitance Bl - 3 - pF

Vi(max) maximum input voltage 1 dB compression point of 500 - - mV
VmMixiouT1-mMix1ouT2; M =0

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.

Preliminary data sheet Rev. 01 — 13 February 2006 80 of 110

www.DataSheetdU.com



Philips Semiconductors TEF6903A

. Integrated car radio

Table 109: Dynamic characteristics of the tuner  ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Mixer output: pins MIX10UT1 and MIX10UT2

Vomax)p-p) ~ Maximum output voltage - 12 - \
(peak-to-peak value)

Om(conv) conversion 1.75 2.5 3.25 mA
transconductance 1y/V; VA

Im(conv)(T) conversion Tamp = —40 °C - 1 - dB
transconductance Tamp = 85 °C _ 0.2 _ dB

variation with
temperature related to

Tamp =25 °C
Ro output resistance [ 100 - - kQ
Co output capacitance @ . 4 7 pF
IP3 3rd-order intercept point R = 2.6 kQ (AC load between 135 138 - dBuv
output pins); Af = 300 kHz
P2 2nd-order intercept RL = 2.6 kQ (AC load between - 170 - dBuv
point output pins)
Vitn)eq) equivalent input noise band limited noise; - 5.8 8 nv
voltage Rgen = 750 Q; noise of Rgen JHz
included; R =2.6 kQ
(AC load between output pins)
F noise figure of - 45 7.1 dB
AM mixer 1
AM mixer 2 (IF2 = 450 kHz)
Mixer input: pins IF1IN and IFIDEC
R input resistance Bl - 330 - Q
Ci input capacitance B - 3 - pF
Vi(max)(p) maximum input voltage 1 dB compression point of 11 1.4 - \%
(peak value) V AMMIX20UT1-AMMIX20UT2
Mixer output: pins AMMIX20UT1 and AMMIX20UT2
Ro output resistance 6 50 - - kQ
Co output capacitance © - 3 - pF
Vo(max)(p-p) maximum output voltage Vccammixz = 8.5V - 12 - \%
(peak-to-peak value)
Om(conv) conversion 1.2 1.6 2.1 mA
transconductance 1y/V; A
Im(conv)(T) conversion Tamb = —40 °C to +85 °C -1 0 +1 dB
transconductance

variation with
temperature related to

Tamp =25 °C
IP3 3rd-order intercept point R, = 1.5 kQ (AC load between 134 137 - dBuv
output pins); Af = 300 kHz
P2 2nd-order intercept RL = 1.5 kQ (AC load between - 170 - dBuv
point output pins)
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Table 109: Dynamic characteristics of the tuner

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Vit)eq) equivalent input noise Rgen = 330 Q; noise of Rgen - 15 22 nv
voltage included; R = 1.5 kQ JHz
(AC load between output pins)
F noise figure of - 16 19.5 dB
AM mixer 2
leak mixer leakage current FM mode; - - 10 MA
Tamp = —40 °C to +85 °C
AM IF2 AGC stage: pins AMIF2IN and AMIF2DEC B
R; input resistance 1.6 24 kQ
Ci input capacitance - - pF
Vi input voltage for o = -10 dB audio - 10 20 Y
attenuation at MPXAMOUT
Vacc(stop) AGC stop voltage (input 100 - - mV
carrier voltage)
AM demodulator output: pin MPXAMOUT
Vsens sensitivity voltage m = 0.3; fmog = 400 Hz;
Bar = 2.15 kHz; Rgen = 2 kQ
(S+N)/N = 26 dB - 60 90 pv
(S+N)/N = 46 dB - 600 900 pv
(S+N)/N maximum signal plus m = 0.3; fmeq = 400 Hz; 54 60 - dB
noise-to-noise ratio Bar = 2.15 kHz; Rgen = 2 kQ
Vo MPXAMOUT output m = 0.3; fmeq = 400 Hz; 180 230 290 mV
voltage V=100 pV to 100 mV
THD total harmonic distortion Bag = 2.15 kHz; - 0.5 1 %
Vamirzain = 100 pV to 100 mV;
m = 0.8; foq = 400 Hz
tst AM AGC settling time Vamiezin = 100 pV to 100 mV - 165 - ms
VAMIFZIN =100 mV to 100 |J.V - 440 - ms
Ro output resistance - - 500 Q
Co output capacitance - 3 - pF
ZL load impedance 10 - - kQ
RR ripple rejection fripple = 100 Hz; 20 26 - dB
Ve =50 mV (RMS);
\V . CC(ripple) )
RR = . CClripple) Vamieain = 10 mv
V MpxamouT
AM level detector output: pin LEVEL
Input: pins AMIF2IN and AMIF2DEC
LST level start alignment Viiamir2iny = 95 WV level slope 6 - 25 -
position aligned to
(800 £ 50) mV/20 dB; level
start aligned to
Viever = (1.24 £ 0.04) V
AV evEL step size for adjustment  Vamie2in = 0 V; default setting 20 40 72 mV
of level starting point of level slope
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Table 109: Dynamic characteristics of the tuner  ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

LSL level slope alignment level slope measured from 0 - 7 -
position Viamirainy = 95 BV to

Viamirainy = 950 pV; level
slope aligned to
(800 + 50) mV/20 dB

AVgtep step size for adjustment  Vamirain = 1.4 mV 40 60 80 mv
of level slope 20 dB

AV EvEL(T) level voltage drift over Tamp = —40 °C to +85 °C - 0.03 - dB
temperature K

Ro output resistance - - 500 Q

R output load resistance 25 - - kQ

CLmax) maximum load - - 25 pF
capacitance

RR ripple rejection Vec(ipple) = 50 mV (RMS); - 24 - dB

fripple =100 Hz;

Vo
RR = _CClripple) Vamiezin = 10 mV

LEVEL(AC)

AM noise blanker IF part

tsup suppression time at IF2  IF2 = 450 kHz 7 15 25 us
Vih noise blanker trigger noise pulse at RF input
threshold (CISPR 16-1);

repetition rate = 100 Hz; pulse
duration 5 ns; t, and t; < 1 ns;
measured at dummy aerial
input (15 pF/60 pF)

NBL[1:0] = 00 - 1.4 - v
NBL[1:0] = 01 - 1.0 - v
NBL[1:0] = 10 - 0.7 - v
Mih modulation threshold for maximum modulation, which - 5 - %

blanking of audio signal triggers the blanking circuit in
the audio part; LODX =0

FM channel
FM RF AGC (FM distance mode; LODX = 0)
Inputs: pins FMMIX1IN1 and FMMIX1IN2[Z

VirF) RF input voltage for AGC[1:0] =11 - 9 - mV
start of wideband AGC

PIN diode drive output: pin IFMAGC

Isource(max) maximum AGC source  AGCJ[1:0] = 00; KAGC = 0; -15 -10 -7 mA
current VirF) > Vacc(start);
see Table 34
Isink(max) maximum AGC sink AGCJ1:0] = 00; KAGC =0 7 10 15 mA
current at AGC recovery
Isource AGC source current AM mode; AGCSW =1 -6 -4 -2.5 mA
AM mode; AGCSW =0 - 0 - mA
LODX =1 (FM local) -0.75 -0.5 -0.35 mA
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Table 109: Dynamic characteristics of the tuner  ...continued
Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Unit
Voltage for narrow-band AGC: pin LEVEL
Vin threshold voltage for KAGC =1 (keyed AGC) 500 950 1400 mV
narrow-band AGC
FM mixer 1 (IF1 =10.7 MHz)
Mixer input: pins FMMIX1IN1 and FMMIX1IN2LI and mixer output: pins MIX10UT1 and MIX10UT24
R; input resistance RFGAIN =0 3 3.8 4.7 kQ
RFGAIN =1 1.6 2.0 25 kQ
Ci input capacitance - 2 4 pF
Ro output resistance 100 - - kQ
Co output capacitance - 4 6 pF
ViRF)(max) maximum RF input 1 dB compression point of 75 100 - mV
voltage FM mixer output voltage
Vit)(eq) equivalent input noise  Rgen = 200 Q; noise of Rgen - 2.7 3.2 nv
voltage included; R = 2.6 kQ ﬁz
Om(conv) conversion RFGAIN =0 12 18 25 mA
transconductance 1y/V; v
RFGAIN =1 24 36 50 mA
\Y,
Im(conv)(T) conversion - -0.2%x1072 - K1
transconductance
variation with
temperature
F noise figure Rgen =300 Q
Tamp = —40 °C - 2.8 - dB
Tamb =25 °C - 3.1 4.6 dB
Tamb =85 °C - 35 - dB
Rgen recommended - 200 - Q
generator resistance
IP3 3rd-order intercept point RFGAIN =0 - 120 - dBuv
IRR image rejection ratio fREwanted = 87.5 MHz; 25 35 - dB
V guanted fRFimage = 108.9 MHz
Voimage
Vomax)p-p) ~ Maximum output voltage 4.5 5.6 - \
(peak-to-peak value)
FM filter and demodulator
Tunable filter
Bmax maximum bandwidth DYN=1 - 165 - kHz
DYN=0 - 165 - kHz
Bmin minimum bandwidth DYN=1 - 57 - kHz
DYN=0 - 57 - kHz
AVIT= FM IF2 center frequency - 2 - kHz
alignment step size
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Table 109: Dynamic characteristics of the tuner

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
firm temperature -60 - +60 Hz
dependence of IF2 K
center frequency
FM demodulator
FM mixer 2 input: pins IF1IN and IF1IDECE! and output: pin MPXAMOUT
R; input resistance 275 330 400 Q
Ro output resistance - - 500 Q
R load resistance 20 - - kQ
CL load capacitance - - 20 pF
Vi(max) maximum input voltage - 280 - mV
Vistarty(lim) input voltage for start of aar =-3 dB - 2.3 - [\
|Imltlng of VMPXAMOUT
Visens) sensitivity input voltage  Af = 22.5 kHz; fi,oq = 1 kHz;
de-emphasis = 50 ps
(S*+N)/N = 26 dB; - 5 - [\
Rgen =330 Q
(S+N)/N = 46 dB - 41 - pv
(S+N)/N ultimate signal plus Af =22.5 kHz; foq = 1 kHz; 75 78 - dB
noise-to-noise ratioon  V;=3 mV;
pin MPXAMOUT de-emphasis = 50 ps;
B =300 Hz to 22 kHz
THD total harmonic distortion Af = 75 kHz; f0q = 1 kHz; - 0.5 1 %
of Vmpxamout Vi=10 mV
Afmax maximum FM deviation THD = 3 %; foq = 1 kHZ; 120 180 - kHz
Vi=10 mV
Oam AM suppression FM reference: Af = 22.5 kHz;
Vv fmod = 1 kHz;
\Mﬂl AM: m = 0.3; foq = 1 kHz;
MPXAMOUT(AM) de-emphasis = 50 ys
0pveVvi<1lVv - 40 - dB
100uv<Vi<iVv - 50 - dB
Vo output voltage Vi=20uVto 1V @
Af = 1.2 kHz; foq = 57 kHz - 7 - mV
Af =22.5 kHz; foq = 1 kHz 180 230 290 mV
feut cut-off frequency CL=0F, R_.>20kQ - 65 - kHz
RR ripple rejection fripple = 100 Hz to 20 kHz; - 36 - dB
Vo Vecripple) = 50 mV;
RR = _CClripple) Vieyn = 3 mV
MPXAMOUT
FM level detector output: pin LEVEL 5]
Ro output resistance - - 500 Q
RL load resistance 25 - - kQ
CL load capacitance - - 25 pF
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Table 109: Dynamic characteristics of the tuner  ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

LST level start alignment Vigruiny = 135 WV, level slope 6 - 25 -
position aligned to

(800 £ 50) mV/20 dB; level
start aligned to
VLEVEL = (147 + 004) \%

AV eveL step size of level start LSL[2:0] = 100 20 40 72 mV
adjustment
LSL level slope alignment level slope measured from 0 - 7 -
position Vigruiny = 135 pV to
Vigruny = 1.35 mV; level slope
aligned to
(800 + 50) mV/20 dB
AVtep step size of level slope  Vi=1mV 40 60 80 mv
adjustment 20dB
RR ripple rejection Vec(ipple) = 50 mV, - 25 - dB

fri =100 Hz
RR = V cc(ripple) ripple

level(AC)
IF counter (FM IF2 or AM IF2 counter); see Table 8
Pins IF1IN and IFIDEC B

Visens) sensitivity voltage FM mode - 5 10 1\Y)
Pins AMIF2IN and AMIF2DEC [8
Visens) sensitivity voltage AM mode; m =0 - 70 260 1\Y)

[1] Measured between pins XTAL1 and XTAL2.

[2] Conversion gain formula of DAA: VpaaouT = 8[.915>< 1[]2—@+ O.l%x Vytune Where n=0to 127.

[3] Input parameters of AM mixer 1 measured between pins AMMIX1IN and AMMIX1DEC.

[4] Output parameters of FM and AM mixer 1 measured between pins MIX10OUT1 and MIX10UT2.
[5] Input parameters of FM mixer 2 measured between pins IF1IN and IF1DEC.

[6] Output parameters of AM mixer 2 measured between pins AMMIX20UT1 and AMMIX20UT?2.
[7] Input parameters of FM mixer 1 measured between pins FMMIX1IN1 and FMMIX1IN2.

[8] Input parameters of AM mixer 2 measured between pins AMIF2IN and AMIF2DEC.
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. JFET RF S S
RFIN LNA [{CASCODEF— Tk g [ m— — C—
pin
diode
HF—
MIX10UT1, AMMIX20UT1,
TRFAGC | IAMAGC VAMCASFB VAMCAS AMMIX1IN MIX10UT2 IF1IN AMMIX20UT2 | AMIF2IN
9 19 22 23 25 27,28 35 36, 37 40
X X
— AM [ —{ Aam
detector A MIXER1 MIXER2
—
AGC
THRESHOLD TEF6903AH
—
AGC threshold
AGCI1:0]
AGC detector B -
I I 008aaa008

reduce cascode enable 1 mA
AGC control range  pin diode current
KAGC (FM mode)
AGCSW

Fig 41. AM AGC circuit

12.2 Dynamic characteristics of the sound processor

Table 110: Dynamic characteristics of the sound processor

Vee =8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fa,gio = 1 kHz; Go) = 0 dB; Grager = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Stereo decoder and AM path

Vo(Em) FM mono output voltage fupxamout = 1 kHz; - 330 - mV
on pins LFOUT and 30 % FM modulation without
RFOUT pilot

Voam) AM output voltage on fam = 1 kHz; - 330 - mV
pins LFOUT and RFOUT 30 % AM modulation

Ocs channel separation femmpex = 1 kHz 40 - - dB

gfL-R) stereo adjust for fine measure 1 kHz level for L - R

adjustment of separation modulation; compare to 1 kHz
level for L + R modulation

CSA[3:0] = 0000 - 0 - dB

CSA[3:0] = 0001 - 0.2 - dB

: - : - daB

CSA[3:0] = 1110 - 2.8 - dB

CSA[3:0] = 1111 3.0 - dB
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Table 110: Dynamic characteristics of the sound processor

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain

(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
S/N signal-to-noise ratio fmexamin = 20 Hz to 15 kHz; 70 - - dB
referenced to 1 kHz at
91 % FM modulation;
DEMP =1
THD total harmonic distortion FM mode; DEMP = 1;
measured with 15 kHz
brick-wall low-pass filter
fMPXAMIN =200 Hz to - - 0.3 %
15 kHz
Vmpxamin = 50 %; L; p”Ot on - - 0.3 %
Vumpxamin = 50 %; R; - - 0.3 %
pilot on
Vo(bal) mono channel balance FM mode -1 - +1 dB
VoL
Vor
O19 pilot signal suppression 9 % pilot; it = 19 kHz; 40 50 - dB
referenced to 1 kHz at
91 % FM modulation;
DEMP =1
a subcarrier suppression modulation off; referenced to
1 kHz at 91 % FM modulation
fsc = 38 kHz 35 50 - dB
fse = 57 kHz 40 - - dB
fsc = 76 kHz 50 60 - dB
PSRR power supply ripple FM mode; fripple = 100 Hz; 24 - - dB
rejection Veeac) = Viipple = 100 mV
(RMS)
AVt frequency response FM mode
fupxamin = 20 Hz -0.5 - +0.5 dB
fMPXAMIN =20 kHz -0.5 - +0.5 dB
feut(de-em) cut-off frequency of -3 dB point; see Figure 31
de-emphasis filter DEMP = 1 (1 = 50 pis) - 3.18 ) kHz
DEMP =0 (1 =75 pus) - 2.12 - kHz
Mipilot) pilot threshold stereo
quulfatlon for. aut.omatlc on ) 4.0 55 %
switching by pilot input
voltage off 1.3 2.7 - %
hyspilot hysteresis of pilot - 2 - dB
threshold voltage
Noise blanker
FM part
tsup(min) minimum suppression - 15 - us
time
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Table 110: Dynamic characteristics of the sound processor ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
VMPXAMIN(M) noise blanker sensitivity  tyyise = 10 pS; fpuse = 100 Hz
(peak value of noise
pulses) NBS[1:0] = 01 - 100 - mV
NBS[1:0] = 10 - 125 - mV
NBS[1:0] = 11 - 160 - mV
VLEVEL(M) noise blanker sensitivity  tyyise = 10 ps; fpuse = 100 Hz
at LEVEL output NBL[1:0] = 00 - 10 - mv
(peak value of noise
pulses) (test mode) NBL[1:0] = 01 - 25 - mV
NBL[1:0] =10 - 36 - mV
NBL[1:0] =11 - 50 - mV
AM audio part
tsup(min) minimum suppression - 400 - us
time
Mam noise blanker sensitivity; NBS[1:0] = 00 - 16.5 - V/ms
triggered from pulses at NBS[L:0] = 01 _ 18.6 _ v/ms
MPXAMIN slew rate
NBS[1:0] = 10 - 21 - V/ms
NBS[1:0] = 11 - 235 - V/ms
Weak signal processing
Detectors
Veq(usn) USN sensitivity see Figure 24; 0]
equivalent level voltage  fvpxamout = 150 kHz;
v Vmpxamout = 250 mV;
—eaUsn) HCMP =1
Af
USSJ[1:0] = 00 - -0.06 - V/kHz
USS[1:0] = 01 - -0.08 - V/kHz
USSJ[1:0] = 10 - -0.12 - V/kHz
USS[1:0] =11 - -0.16 - V/kHz
Vegwam) WAM sensitivity see Figure 24; |
equivalent level voltage ~ VieveL = 200 mV (p-p) at
v f =21 kHz on the level
Veqﬂ voltage; HCMP = 1
LEVEL(p-p) WAS[1:0] = 00 - -75 - -
WASJ[1:0] = 01 - -10 - -
WASJ[1:0] = 10 - -15 - -
WAS[1:.0] = 11 - -20 - -
Setting of time constants for SNC, MUTE and HCC
tusN(attack) USN detector attack time soft mute and SNC - 1 - ms
tusN(recovery) USN detector recovery  soft mute and SNC - 1 - ms
time
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Table 110: Dynamic characteristics of the sound processor ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
AUSS USN detector USN sensitivity setting (USS)
desensitization versus level voltage (USN

sensitivity setting is
automatically reduced as level
voltage decreases)

Vigver > 1.25V - - 3 -
1.25V >VigygL > 1.125V - - 2 -
1.125V >V gygL > 1.0V - - 1 -
1.0V >VigveL - - 0 -
twaM(attack) WAM detector attack - 1 - ms
time (SNC)
twAM(recovery) WAM detector recovery - 1 - ms
time (SNC)
theak(UsN)attack)  Peak detector attack time - 1 . ms
for USN read-out via
12C-bus
tpeak(UsN)(recovery) P€aK detector recovery - 10 - ms
time for USN read-out via
12C-bus
theak(WAM)attack)  Peak detector attack time - 1 - ms
for WAM read-out via
12C-bus
theak(WAM)(recovery) PEak detector recovery - 10 - ms
time for WAM read-out
via I2C-bus
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Table 110: Dynamic characteristics of the sound processor ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Control functions

Vstart(mute) soft mute start voltage FM mode; see Figure 28;
equivalent level voltage that
causes Omyte = 3 dB;

MSL[1:0] =11
MST[2:0] = 000 - 0.75 - \Y,
MST[2:0] = 001 - 0.88 - \%
MST[2:0] = 010 - 1 - \%
MST[2:0] =011 - 1.12 - \%
MST[2:0] = 100 - 1.25 - \%
MST[2:0] = 101 - 0.68 - \%
MST[2:0] = 110 - 0.73 - \Y,
MST[2:0] =111 - 0.85 - \%

AM mode; see Figure 29;

equivalent level voltage that

causes Omyte = 3 dB;

MSL[1:0] =11
MST[2:0] = 000 - 1.35 - \Y,
MST[2:0] = 001 - 1.58 - \%
MST[2:0] = 010 - 1.80 - \Y,
MST[2:0] =011 - 1.12 - \%
MST[2:0] = 100 - 1.25 - \%
MST[2:0] = 101 - 1.50 - \%
MST[2:0] = 110 - 1.70 - \%
MST[2:0] = 111 - 1.91 - \%
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Table 110: Dynamic characteristics of the sound processor ...continued
Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain

(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Integrated car radio

Symbol Parameter Conditions Min Typ Max Unit
Cmute soft mute slope FM mode; see Figure 28;
Ad slope of soft mute attenuation
Crute = —___mute  with respect to equivalent level
AVeqLEVEL  voltage; MST[2:0] = 000
MSLE = 0; MSL[1:0] = 00 - 8 - dB/V
MSLE = 0; MSL[1:0] =01 - 16 - dB/V
MSLE = 0; MSL[1:0] = 10 - 24 - dB/V
MSLE = 0; MSL[1:0] = 11 - 32 - dB/V
MSLE = 1; MSL[1:0] = 00 - 40 - dB/V
MSLE =1; MSL[1:0] =01 - 48 - dB/V
AM mode; see Figure 29;
slope of soft mute attenuation
with respect to equivalent level
voltage; MST[2:0] = 011
MSLE = 0; MSL[1:0] = 00 - 8 - dB/V
MSLE = 0; MSL[1:0] =01 - 12 - dB/V
MSLE = 0; MSL[1:0] = 10 - 16 - dB/V
MSLE = 0; MSL[1:0] = 11 - 20 - dB/V
MSLE = 1; MSL[1:0] = 00 - 24 - dB/V
MSLE =1; MSL[1:0] =01 - 28 - dB/V
MSLE = 1; MSL[1:0] = 10 - 32 - dB/V
MSLE =1; MSL[1:0] = 11 - 36 - dB/V
Omute(max) maximum soft mute see Figure 30;
attenuation by USN fMPXAMOUT =150 kHz;
Vmpxamout = 0.6 V (RMS);
USS[1:0] =11
UMDI1:0] = 00 - - dB
UMD[1:0] = 01 - - dB
UMDI1:0] = 10 - - dB
UMD[1:0] = 11 - 12 - dB
Vstart(SNC) SNC stereo blend start  see Figure 25; equivalent level
voltage voltage that causes channel
separation is 10 dB;
SSL[1:0] = 10
SST[3:0] = 0000 - 15 - \Y,
: - - \%
SST[3:0] = 1000 - 2.0 - \Y,
: - - \%
SST[3:0] = 1111 - 2.45 - v
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Table 110: Dynamic characteristics of the sound processor ...continued
Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain

(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Integrated car radio

Symbol Parameter Conditions Min Typ Max Unit
Csne SNC slope see Figure 25; slope of
Ad channel separation between
C = 30 dB and 10 dB with respect
SNC AV
eq.LEVEL to level voltage;
SST[3:0] = 1010
SSL[1:0] =00 - 38 - dB/V
SSL[1:0] =01 - 51 - dB/V
SSL[1:0] =10 - 63 - dB/V
SSL[1:0] =11 - 72 - dB/V
Vstart(HCC) HCC start voltage see Figure 26; faydio = 10 kHz;
equivalent level voltage that
causes aycc = 3 dB;
HSL[1:0] =10
HST[2:0] = 000 - 1.17 - \Y,
HST[2:0] = 001 - 1.42 - \%
HST[2:0] = 010 - 1.67 - \Y,
HST[2:0] = 011 - 1.92 - \%
HST[2:0] = 100 - 2.17 - \Y,
HST[2:0] = 101 - 2.67 - \%
HST[2:0] = 110 - 3.17 - \Y,
HST[2:0] = 111 - 3.67 - \%
Chce HCC slope see Figure 26; faydio = 10 kHz;
Ad HST[2:0] = 010
c _ 10 kHz
HCC = AV _ HSL[1:0] = 00 - 9 - dB/V
eq.LEVEL
HSL[1:0] =01 - 11 - dB/V
HSL[1:0] =10 - 14 - dB/V
HSL[1:0] =11 - 18 - dB/V
OHCC(max) maximum HCC see Figure 26; faydio = 10 kHz
attenuation HCSE = 1 _ 10 _ dB
HCSF =0 - 14 - dB
fout cut-off frequency of fixed see Figure 27; -3 dB point
HCC (first order filter)
HCF[2:0] = 000 - reserved - kHz
HCF[2:0] = 001 - 2 - kHz
HCF[2:0] = 010 - 3 - kHz
HCF[2:0] = 011 - 5 - kHz
HCF[2:0] = 100 - 7 - kHz
HCF[2:0] = 101 - 10 - kHz
HCF[2:0] = 110 - wide - -
HCF[2:0] = 111 - unlimited - -
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Table 110: Dynamic characteristics of the sound processor

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Analog-to-digital converters for | 2C-bus
Level analog-to-digital converter (8-bit); see Table 10
VLEVEL(min) lower voltage limit of - 0.25 - \%
conversion range
VLEVEL(max) upper voltage limit of - 4.25 - \%
conversion range
AV evEL bit resolution voltage - 15.7 - mV
Ultrasonic noise analog-to-digital converter (4-bit); see Figure 24
Afysn(min conversion range lower  fypxamout = 150 kHz - 0 - kHz
deviation limit
Afysnmax) conversion range upper  fupxamout = 150 kHz - 100 - kHz
deviation limit
Afysn bit resolution - 6.25 - kHz
Wideband AM analog-to-digital converter (4-bit); see Figure 24
VwAM(min)(p-p) lower voltage limit of fLever = 21 kHz - 0 - mV
conversion range
(peak-to-peak value)
VwaAM(max)(p-p) upper voltage limit of fLever = 21 kHz - 800 - mV
conversion range
(peak-to-peak value)
AVwam(p-p) bit resolution voltage - 53.3 - mv
(peak-to-peak value)
Tone/volume control
Z; input impedance measured unbalanced; 110 160 - kQ
pins INAL, INAR, INAC, INAD,
INBL, INBR, INC and IND
pins INPL and INPR 110 160 - kQ
Z, output impedance pins LFOUT, RFOUT, LROUT - - 100 Q
and RROUT
pins PLOUT and PROUT - - 100 Q
Gs(main) signal gain from pins -1 - +1 dB
INAL, INAR, INAC, INAD,
INBL, INBR, INC and
IND to LFOUT, RFOUT,
LROUT and RROUT
Gs(ext)i signal gain external input EXP1 = 1; from pins INPL and 2 3 4 dB
INPR to LFOUT, RFOUT,
LROUT and RROUT
EXP1=0; EXPO =1; 5 6 7 dB
from pins INPL and INPR via
tone/volume part to LFOUT,
RFOUT, LROUT and RROUT
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Table 110: Dynamic characteristics of the sound processor

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Gs(extyo signal gain to external see Figure 39; from
output pins INAL, INAR, INAC, INAD,
INBL, INBR, INC and IND to
PLOUT and PROUT
via tone/volume part; -4 -3 -2 dB
EXPS =0
EXPS =1 -7 ) -5 dB
Vimax) maximum input voltage  THD = 0.2 %; Gyo = —6 dB; 2 - - \%
pins INAL, INAR, INAC, INAD,
INBL, INBR, INC and IND
Vitext)(max) maximum input voltage  THD = 0.2 %; pins INPL and
at external processor INPR
inputs EXP1=1 - - v
EXP1 = 0; EXPO = 1; - - \Y,
Gy £-3dB
Vo(max) maximum output voltage G,o = +6 dB
THD=0.2% 1.4 1.8 - Y,
THD =1 %; R_ =5 kQ; 1.4 1.8 - \%
C_.=10nF
Gyol = +3 dB;
OUTA =1 (+3dB)
THD =0.2% 2 2.2 - \Y,
THD = 0.2 %; Vcc = 8.0V 1.6 1.8 - \Y,
R, =5kQ; C_ =10 nF; 2 2.25 - \Y,
THD=1%
R, =5kQ; C_=10nF; 1.7 1.9 - \%
THD =1 %; Vcc=8.0V
frnax frequency response upper -1 dB point; referenced 20 - - kHz
(pins INAL, INAR, INAC, to1kHz
INAD, INBL, INBR, INC
and IND)
Oas| attenuation during ASI f =20 kHz referenced to 1 kHz - 0.15 1 dB
CMRR common mode rejection  Gyg = 0 dB; line input
ratio capacitance Cj =1 uF
faudio = 1 kHz on common - 60 - dB
mode inputs
faudio = 20 Hz to 20 kHz on 40 - - dB
common mode inputs
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Table 110: Dynamic characteristics of the sound processor ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

THD total harmonic distortion  configured as non-inverting,
single ended inputs

faudio = 20 Hz to 10 kHz; - 0.02 0.1 %
Vi=1V (RMS)

faudio = 20 Hz to 10 kHz; - 0.03 0.2 %
V=2V (RMS):
Gy = -10 dB

faudio = 25 Hz; - 0.025 0.2 %
V=500 mV (RMS);

Gpass = t8 dB; G, =0 dB

faudio = 4 kHz; - 0.02 0.2 %
V=500 mV (RMS);

Gireble = +8 dB; Gyo = 0 dB

Ocs channel separation faudio = 20 Hz to 20 kHz 60 75 - dB
Os input isolation of one source impedance of unused
selected source to any input: 600 Q
other input faudio = 20 Hz to 10 kHz 75 90 ) dB
faudio =20 kHz 70 - - dB
Vhoise(rms) noise voltage ITU-R ARM-weighted and
(RMS value) 20 kHz *brick wall’ without

input signal (source
impedance 600 Q);

unbalanced

Gy =0dB - 12 20 pv
Gpass = +6 dB; - 24 35 uv
Gtreble = +6 dB; Gy = 0 dB

Gyo = +20dB - 71 100 [\
Gyol = +20 dB; balanced - 100 140 [1\Y
Gyo = -10dB - 10 18 [\
Gyol = —40 dB - 9.5 135 puv
outputs muted - 5 12 [\
using ‘A-weighting’ filter and - 6.8 10 [\Y

20 kHz ‘brick wall’;
Gyol = =20 dB; start of
loudness = -12 dB

Voffset(max) maximum DC offset between any two settings - 7 - mvV
(non-consecutive) on any one
audio control

between any two settings - 7 - mV
(non-consecutive) on volume
control; Gy < +6 dB

between any two settings - 7 - mV
(non-consecutive) on input
gain control; Gjng < +6 dB
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Table 110: Dynamic characteristics of the sound processor

...continued

Integrated car radio

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain

(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
PSRR power supply ripple Veeac) = Viipple = 200 mV
rejection (RMS); Gyq=0dB
fripple = 20 Hz to 100 Hz 35 65 - dB
fripple = 100 Hz to 1 kHz 50 70 - dB
fripple = 1 kHz to 20 kHz 30 50 - dB
fripple = 500 Hz - 70 - dB
Oct crosstalk between bus fok = 100 kHz [ - 110 - dB
inputs and signal outputs
ty delay time from Ve - 12 - ms
applied to final
DC voltage at outputs
Input gain
Ging input gain control see Table 76
maximum setting Bl - 18 - dB
minimum setting B - -10 - dB
Gstep(vol) step resolution - 2 - dB
Volume
Gyol volume/balance gain see Table 83
control maximum setting B - 20 - dB
minimum setting Bl - -75 - dB
mute attenuation; - -90 -80 dB
20 Hz to 20 kHz
Gstep(vol) step resolution - 1 - dB
[AGgei gain set error Gyol = +20 dB to =35 dB - 0.25 1 dB
Gyol = =36 dB to -75 dB - 0.55 3 dB
AGstep(vol) gain step error - - 1 dB
[AGtrack| gain tracking error Gyol =+20 dB to =35 dB - 0.1 1 dB
between leftand right 5 - _36 4B to -75 dB - 0.3 3 dB
Loudness; see Table 101 and Figure 40
Gpass loudness bass control [ - 20 - dB
range
Gireble loudness treble control - 4 - dB
range
Gstep loudness step resolution - 2 - dB
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Table 110: Dynamic characteristics of the sound processor ...continued

Vee = 8.5V, Tamp = 25 °C; see Figure 44; all AC values are given in RMS; treble: 10 kHz filter frequency; treble = 0 dB;
bass: 60 Hz filter frequency; bass = 0 dB; fyugio = 1 kHz; Gy = 0 dB; Geger = 0 dB; loudness off; standard output gain
(byte OUTPUT; bit OUTA = 0); R, = 10 kQ; C, = 1 nF; internal channel; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit
Treble
fireble treble control filter see Figure 37; -3 dB
frequency frequency of maximum treble
setting referenced to 100 kHz
TRF[1:0] = 00 - 8 - kHz
TRF[1:.0] =01 - 10 - kHz
TRF[1:.0] = 10 - 12 - kHz
TRF[1:.0] =11 - 15 - kHz
Gtreble treble gain control TRE[2:0] =111; TREM =1 - 14 - dB
TRE[2:0] =111; TREM =0 - -14 - dB
Gsteptreble) step resolution gain - 2 - dB
AGgtep(treble) treble step error - - 0.5 dB
Bass
foass bass control filter see Figure 26
freguency at maximum BAF[L:0] = 00 _ 60 _ Hz
gain BAF[1:0] =01 - 80 - Hz
BAF[1:0] =10 - 100 - Hz
BAF[1:0] =11 - 120 - Hz
Gpass bass gain control BAS[3:0] =0111; BAM =1 - 14 - dB
BAS[3:0] =0111; BAM =0 - -14 - dB
Gstep(bass) step resolution gain - 2 - dB
AGgtep(bass) bass step error - - 0.5 dB
EQpow equalizer bowing faudio = 1 kHz; - 1.8 - dB
V; =500 mV (RMS);
Gpass = +12 dB; fpass = 60 Hz;
Gireple = +12 dB;
feut(treble) = 15 kHz
Fader
Gtader fader gain control see Table 91
maximum setting - 0 - dB
minimum setting - -64 - dB
output mute - - -80 dB
Gstep(fader) step resolution gain - 1 - dB
AGstep(fader) fader step error - - 1 dB
Omute audio mute volume control: mute and 80 920 - dB

output muted (bits MULF,
MURF, MULR and MURR)

[1] The equivalent level voltage is that value of the level voltage (on pin LEVEL) which results in the same weak signal control effect (for
instance HCC roll-off) as the output value of the specified detector (USN, WAM and MPH).
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Vpus(p-
[2] Crosstalk between bus inputs and signal outputs: O, = ZOlogM)
o(rms)

Integrated car radio

[3] The input gain setting ING and the volume setting VOL define the overall volume. The overall range is limited to —83 dB to +28 dB. For
values > +28 dB the actual value is +28 dB. For overall values < —83 dB the actual value is mute.

[4] The maximum bass gain including BASS setting is +20 dB.

13. 12C-bus characteristics

The maximum 12C-bus communication speed is 400 kbit/s. SDA and SCL HIGH and LOW
internal thresholds are specified according to an 12C-bus voltage range from 2.5 Vt0 3.3 V
including 12C-bus voltage tolerances of 10 %. The bus interface tolerates also SDA and
SCL signals from a 5 V bus. Restrictions for V,_in a 5 V application can be derived from

Table 111.
Table 111: 12C-bus parameters
Symbol Parameter Conditions Min Typ Max Unit
Vi LOW:-level input voltage - - 1.09 \%
ViH HIGH-level input voltage 1.56 - - \%
Cspa capacitance of SDA pin - pF
CscL capacitance of SCL pin - pF
tboRr(HL) data output reaction time Vop=5V;|=3mA; - 700 863 ns
(acknowledge and read Cp =400 pF;
data) HIGH-to-LOW see Figure 42
Vpp =3.3V; - 570 668 ns
Rp = 1.8 kQ;
Cp =400 pF;
see Figure 42
Vpp = 2.5V, Ry = 35 kQ; - 520 593 ns
Cp =10 pF;
see Figure 42
tDOR(LH) data output reaction time see Figure 42 - 450 488 ns
(read data) LOW-to-HIGH
tof output fall time Cp = 10 pF to 120 pF; A 20+0.1C, 10xVpp - ns
see Figure 43
Cp =120 pF; 2 20 +0.1Cy, - 250 ns

see Figure 43

[1] Minimum value of tf; Cp = total capacitance of one 12C-bus line [pF].

[2] Typical value of ty; the output fall time tyf [ns] depends on the total load capacitance Cy, [pF] and the 12C-bus voltage Vpp [V]:
tof = Y12 X Vpp % Cp.
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\
SDA \ / / \ 0.7Vpp
scL

IDOR(LH) {DOR(HL)
00laacl24 001aab802

a. Data change from LOW to HIGH. b. Data change from HIGH to LOW.
Fig 42. Data output reaction time of the IC

Vbp —\

001aab803

Fig 43. Definition of the fall time of the output signal
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14. Overall system parameters

Table 112: Overall system parameters

Symbol Parameter Conditions Min  Typ Max Unit

Supply current in FM mode

lcc total supply current - 102 - mA
inclusive lygg

Supply current in AM mode

lcc total supply current - 89 - mA
inclusive lygg

AM overall system parameters

fiune AM tuning frequency LW 144 - 288 kHz
MW 522 - 1710 kHz
SW 2.3 - 26.1 MHz
Vsens sensitivity voltage fre =990 kHz; m = 0.3; - 50 - [\Y
fmod = 1 kHz;
Bar = 2.15 kHz;

(S+N)/N = 26 dB;
dummy aerial

15 pF/60 pF

S/IN ultimate signal-to-noise 54 58 - dB
ratio

THD total harmonic 200 pV < Vre <1V, - 0.4 1 %
distortion m = 0.8; far = 400 Hz

IP3 3rd-order intercept Af =40 kHz - 130 - dBpv
point

FM overall system parameters

fiune FM tuning frequency 65 - 108 MHz

Vsens sensitivity voltage (RF  Af = 22.5 kHz; - 2 - (\Y
input voltage at fmod = 1 kHz;
(S+N)/N = 26 dB) DEMP =1; B =300 Hz

to 22 kHz; measured
with 75 Q dummy
antenna and test circuit

(S+N)/N maximum signal plus  V;=3 mV; - 60 - dB
noise-to-noise ratio of  Af = 22.5 kHz;
MPXAM output voltage fmnoq = 1 kHz;
DEMP =1; B =300 Hz
to 22 kHz; measured
with 75 Q dummy
antenna and test circuit

THD total harmonic Af =75 kHz - 0.5 1 %
distortion
IP3 3rd-order intercept Af =400 kHz - 120 - dBpv
point
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(1) Pull-up resistor at RDCL only required for direct mode of RDS outputs.
Fig 44. Application diagram of TEF6903AH
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Table 113: List of components [

Integrated car radio

Symbol Component Type Manufacturer
C1 capacitor for frequency pulling 2.2 pFid -

Cc2 capacitor for VCO tuning 270 pF -

C3 decoupling capacitor for VCO tuning 100 nF -

R1 resistor for supply V60 47 Q; 0.2 W -

L1 oscillator coll E543SNAS-02010 TOKO

L2 FM RF selectivity coil C6342A-R11 SAGAMI

L3 10.7 MHz IF transformer PF670CCS-A065DX TOKO

L4 450 kHz IF transformer P7PSGAE-A021YBY=S TOKO

X1 crystal 20.5 MHz LN-G102-587 NDK

D1 VCO varactor diode BB208 Philips

D2 RF selectivity varactor diode BB207 Philips

D3 FM PIN diode BAP64-04 Philips

D4 AM PIN diode BAP70AM Philips

D5 Electrostatic Discharge (ESD) protection diode BAV99 Philips

T1 AM Low Noise Amplifier (LNA) JFET transistor BF862 Philips

T2 AM LNA cascode transistor BC847C Philips

F1 10.7 MHz ceramic filter SFELA10M7HAAO-BO MURATA

F2 450 kHz ceramic filter CFWLA450KGFA-BO MURATA

[1] All low value capacitors (< 1 nF) must be of NPO type for guaranteed high frequency performance.

[2] The capacitor is used to achieve a crystal frequency of 20.5 MHz together with the crystal type LN-G102-587.
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16. Package outline

QFP80: plastic quad flat package; 80 leads (lead length 1.6 mm); body 14 x 14 x 2.7 mm SOT496-1

Oly] \'/ *

I T fy (____ Q) !
i =

-— |

- -l N e

o e]
Hp = v@.
9 ‘5 19 mm
scale

DIMENSIONS (mm are the original dimensions)

UNIT m’;x. Ay | Ag | Az | by | ¢ |DDEM | e | Hp |He | L | Ly | v | w | vy |Zp®|Zg®| o
0.25 | 2.75 0.38 | 0.23 | 141 | 14.1 17.45(17.45 1.03 1.00 | 1.00 | 7°
mm 8 0.10 | 2.55 0.25 0.22 | 0.13 | 13.9 | 13.9 0.65 16.95(16.95 16 0.73 0210121 01 0.65 | 0.65 | 0°
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
Version PROJECTION | SSUEDATE
IEC JEDEC JEITA
-98-67-6+
SOT496-1 135E06 MS-022 ED-7311EE = @ 02.10.04

Fig 45. Package outline SOT496-1 (QFP80)

TEF6903A_1 © Koninklijke Philips Electronics N.V. 2006. All rights reserved.

Preliminary data sheet Rev. 01 — 13 February 2006 104 of 110

www.DataSheetdU.com



Philips Semiconductors TEF6903A

. Integrated car radio

17. Soldering

17.1 Introduction to soldering surface mount packages

This text gives a very brief insight to a complex technology. A more in-depth account of
soldering ICs can be found in our Data Handbook IC26; Integrated Circuit Packages
(document order number 9398 652 90011).

There is no soldering method that is ideal for all surface mount IC packages. Wave
soldering can still be used for certain surface mount ICs, but it is not suitable for fine pitch
SMDs. In these situations reflow soldering is recommended.

17.2 Reflow soldering

Reflow soldering requires solder paste (a suspension of fine solder particles, flux and
binding agent) to be applied to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement. Driven by legislation and
environmental forces the worldwide use of lead-free solder pastes is increasing.

Several methods exist for reflowing; for example, convection or convection/infrared
heating in a conveyor type oven. Throughput times (preheating, soldering and cooling)
vary between 100 seconds and 200 seconds depending on heating method.

Typical reflow peak temperatures range from 215 °C to 270 °C depending on solder paste
material. The top-surface temperature of the packages should preferably be kept:
* below 225 °C (SnPb process) or below 245 °C (Pb-free process)
— for all BGA, HTSSON..T and SSOP..T packages
— for packages with a thickness = 2.5 mm

— for packages with a thickness < 2.5 mm and a volume = 350 mm?3 so called
thick/large packages.

* below 240 °C (SnPb process) or below 260 °C (Pb-free process) for packages with a
thickness < 2.5 mm and a volume < 350 mm3 so called small/thin packages.

Moisture sensitivity precautions, as indicated on packing, must be respected at all times.

17.3 Wave soldering

Conventional single wave soldering is not recommended for surface mount devices
(SMDs) or printed-circuit boards with a high component density, as solder bridging and
non-wetting can present major problems.

To overcome these problems the double-wave soldering method was specifically
developed.

If wave soldering is used the following conditions must be observed for optimal results:
* Use a double-wave soldering method comprising a turbulent wave with high upward
pressure followed by a smooth laminar wave.
* For packages with leads on two sides and a pitch (e):

— larger than or equal to 1.27 mm, the footprint longitudinal axis is preferred to be
parallel to the transport direction of the printed-circuit board;
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— smaller than 1.27 mm, the footprint longitudinal axis must be parallel to the
transport direction of the printed-circuit board.

The footprint must incorporate solder thieves at the downstream end.

* For packages with leads on four sides, the footprint must be placed at a 45° angle to
the transport direction of the printed-circuit board. The footprint must incorporate
solder thieves downstream and at the side corners.

During placement and before soldering, the package must be fixed with a droplet of
adhesive. The adhesive can be applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the adhesive is cured.

Typical dwell time of the leads in the wave ranges from 3 seconds to 4 seconds at 250 °C
or 265 °C, depending on solder material applied, SnPb or Pb-free respectively.

A mildly-activated flux will eliminate the need for removal of corrosive residues in most
applications.

17.4 Manual soldering

Fix the component by first soldering two diagonally-opposite end leads. Use a low voltage
(24 V or less) soldering iron applied to the flat part of the lead. Contact time must be
limited to 10 seconds at up to 300 °C.

When using a dedicated tool, all other leads can be soldered in one operation within
2 seconds to 5 seconds between 270 °C and 320 °C.

17.5 Package related soldering information

Table 114: Suitability of surface mount IC packages for wave and reflow soldering methods

Package [ Soldering method

Wave Reflow [21
BGA, HTSSON..TEl, LBGA, LFBGA, SQFP, not suitable suitable
SSOP.TBl, TFBGA, VFBGA, XSON
DHVQFN, HBCC, HBGA, HLQFP, HSO, HSOP, not suitable 4 suitable
HSQFP, HSSON, HTQFP, HTSSOP, HVQFN,
HVSON, SMS
PLCCD, SO, SOJ suitable suitable
LQFP, QFP, TQFP not recommended B 6] suitable
SSOP, TSSOP, VSO, VSSOP not recommended [/] suitable
CWQCCN..Ll, PMFP €], WQCCN..L[8 not suitable not suitable

[1] For more detailed information on the BGA packages refer to the (LF)BGA Application Note (AN01026);
order a copy from your Philips Semiconductors sales office.

[2] All surface mount (SMD) packages are moisture sensitive. Depending upon the moisture content, the
maximum temperature (with respect to time) and body size of the package, there is a risk that internal or
external package cracks may occur due to vaporization of the moisture in them (the so called popcorn
effect). For details, refer to the Drypack information in the Data Handbook IC26; Integrated Circuit
Packages; Section: Packing Methods.

[3] These transparent plastic packages are extremely sensitive to reflow soldering conditions and must on no
account be processed through more than one soldering cycle or subjected to infrared reflow soldering with
peak temperature exceeding 217 °C + 10 °C measured in the atmosphere of the reflow oven. The package
body peak temperature must be kept as low as possible.
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[4] These packages are not suitable for wave soldering. On versions with the heatsink on the bottom side, the
solder cannot penetrate between the printed-circuit board and the heatsink. On versions with the heatsink
on the top side, the solder might be deposited on the heatsink surface.

[5] If wave soldering is considered, then the package must be placed at a 45° angle to the solder wave
direction. The package footprint must incorporate solder thieves downstream and at the side corners.

[6] Wave soldering is suitable for LQFP, QFP and TQFP packages with a pitch (e) larger than 0.8 mm; it is
definitely not suitable for packages with a pitch (e) equal to or smaller than 0.65 mm.

[7] Wave soldering is suitable for SSOP, TSSOP, VSO and VSSOP packages with a pitch (e) equal to or larger
than 0.65 mm; it is definitely not suitable for packages with a pitch (e) equal to or smaller than 0.5 mm.

[8] Image sensor packages in principle should not be soldered. They are mounted in sockets or delivered
pre-mounted on flex foil. However, the image sensor package can be mounted by the client on a flex foil by
using a hot bar soldering process. The appropriate soldering profile can be provided on request.

[9] Hot bar soldering or manual soldering is suitable for PMFP packages.

18. Revision history

Table 115: Revision history

Document ID Release date  Data sheet status Change notice Doc. number Supersedes
TEF6903A_1 20060213 Preliminary data sheet - - -
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Level Data sheetstatus [l  Product status 28]  Definition

| Objective data Development

This data sheet contains data from the objective specification for product development. Philips

Semiconductors reserves the right to change the specification in any manner without notice.

1] Preliminary data Qualification

This data sheet contains data from the preliminary specification. Supplementary data will be published

at a later date. Philips Semiconductors reserves the right to change the specification without notice, in
order to improve the design and supply the best possible product.

1] Product data Production

This data sheet contains data from the product specification. Philips Semiconductors reserves the

right to make changes at any time in order to improve the design, manufacturing and supply. Relevant
changes will be communicated via a Customer Product/Process Change Notification (CPCN).

[1]  Please consult the most recently issued data sheet before initiating or completing a design.

[2] The product status of the device(s) described in this data sheet may have changed since this data sheet was published. The latest information is available on the Internet at

URL http://www.semiconductors.philips.com.

[3] For data sheets describing multiple type numbers, the highest-level product status determines the data sheet status.

20. Definitions

Short-form specification —  The data in a short-form specification is
extracted from a full data sheet with the same type number and title. For
detailed information see the relevant data sheet or data handbook.

Limiting values definiton —  Limiting values given are in accordance with
the Absolute Maximum Rating System (IEC 60134). Stress above one or
more of the limiting values may cause permanent damage to the device.
These are stress ratings only and operation of the device at these or at any
other conditions above those given in the Characteristics sections of the
specification is not implied. Exposure to limiting values for extended periods
may affect device reliability.

Application information —  Applications that are described herein for any
of these products are for illustrative purposes only. Philips Semiconductors
makes no representation or warranty that such applications will be suitable for
the specified use without further testing or modification.

21. Disclaimers

Life support — These products are not designed for use in life support
appliances, devices, or systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips Semiconductors

23. Contact information

customers using or selling these products for use in such applications do so
at their own risk and agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes — Philips Semiconductors reserves the right to
make changes in the products - including circuits, standard cells, and/or
software - described or contained herein in order to improve design and/or
performance. When the product is in full production (status ‘Production’),
relevant changes will be communicated via a Customer Product/Process
Change Notification (CPCN). Philips Semiconductors assumes no
responsibility or liability for the use of any of these products, conveys no
license or title under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that these products are
free from patent, copyright, or mask work right infringement, unless otherwise
specified.

22. Trademarks

Notice — All referenced brands, product names, service names and
trademarks are the property of their respective owners.
12C-bus — logo is a trademark of Koninklijke Philips Electronics N.V.

For additional information, please visit: http://www.semiconductors.philips.com
For sales office addresses, send an email to: sales.addresses@www.semiconductors.philips.com
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