Philips Semiconductors Audio/Radio Products Preliminary specification

Hi-fi stereo audio processor; 12C-bus TDAS8425

IRE

BUS

GENERAL DESCRIPTION

The TDAB425 is a monolithic bipolar integrated stereo sound circuit with a loudspeaker channel facility,
digitally controiled via the 12C-bus for application in hi-fi audio and television sound.

Features

® Source and mode selector for two stereo channels
® Pseudo stereo, spatial stereo, linear stereo and forced mono switch
® Volume and balance control

® Bass, treble and mute control

® Power supply with power-on reset

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit
Supply voltage (pin 4) Vee 10.8 12.0 13.2 \Y%
Input signal handling Vi 2 - — \Y
Input sensitivity

full power at the output stage Vi - 300 — mV
Signal plus noise-to-noise ratio (S+N)/N - 86 - dB
Total harmonic distortion THD - 0.05 - %
Channel separation o - 80 - dB
Volume control range G —64 — 6 dB
Treble control range G -12 — 12 dB
Bass control range G -12 - 15 dB

PACKAGE OUTLINE
20-lead dual in-line; plastic {SOT146).
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Philips Semiconductors Audio/Radio Products Preliminary specification

Hi-fi stereo audio processor, I12C-bus TDA8425

PINNING

IN2L |1 U 20] INTR

Veap [Z E PSEUDO 1
2R [3 E N1 L

Vee | 4 17 | PSEUDO 2
AGND [ 5 15] BASS L
TDAB425

BASS R E 1__5_| BASS L

passh [7] [14] TREBLE L
TReBLER [8 | T_:?] ouTL
outh [9] 12] scL
pano [10] F_ﬂ SDA

7Z81529.1

Fig. 2 Pinning diagram.

FUNCTIONAL DESCRIPTION
Source selector

The input to channel 1 (CH1) and channel 2 (CH2) is determined by the source selector. The selection
is made from the following AF input signals:

e IN1 L (pin 18); IN1 R (pin 20)
or
® IN2 L (pin 1); IN2 R (pin 3)

Mode selector

The mode selector selects between stereo, sound A and sound B (in the event of bilingual transmission)
for OUT R and OUT L.

Volume control and balance

The volume control consists of two stages (left and right). In each part the gain can be adjusted between
+6 dB and —64 dB in steps of 2 dB. An additional step allows an attenuation of = 80 dB. Both parts
can be controlled independently over the whole range, which allows the balance to be varied by con-
trolling the volume of left and right output channels.

Linear stereo, pseudo stereo, spatial stereo and forced mono mode*

It is possible to select four modes: linear stereo, pseudo stereo, spatial stereo or forced mono. The
pseudo stereo mode handies mono transmissions, the spatia! stereo mode handles stereo transmissions
and the forced mono can be used in the event of stereo signals.

* During forced mono mode the pseudo stereo mode cannot be used.
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Hi-fi stereo audio processor; 12C-bus TDA8425

Bass control

The bass control stage can be switched from an emphasis of 15 dB to an attenuation of 12 dB for low
frequencies in steps of 3 dB.

Treble control
The treble control stage can be switched from + 12 dB to —12 dB in steps of 3 dB.

Bias and power supply

The TDAB8425 includes a bias and power supply stage, which generates a voltage of 0.5 x Vg with
a low output impedance and injector currents for the logic part.

Power-on reset

The onchip power-on reset circuit sets the mute bit to active, which mutes both parts of the treble
amplifier. The muting can be switched by transmission of the mute bit.

12C-bus receiver and data handling

Bus specification

The TDAB8425 is controlied via the 2-wire 12C-bus by a microcomputer.

The two wires (SDA — serial data, SCL — serial clock) carry information between the devices connected
to the bus. Both SDA and SCL are bidirectional lines, connected to a positive supply voltage via a pull
up resistor.

When the bus is free both lines are HIGH.

The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW

state of the data line can only change when the clock signal on the SCL line is LOW. The set up and
hold times are specified in AC CHARACTERISTICS.

A HIGH-to-LOW transition of the SDA line while SCL is HIGH is defined as a start condition.

A LOW-to-HIGH transition of the SDA line while SCL is HIGH is defined as a stop condition.

The bus receiver will be reset by the reception of a start condition. The bus is considered to be busy
after the start condition.

The bus is considered to be free again after a stop condition,

Module address
Data transmission to the TDA8425 starts with the module address MAD.

MSB LSB

[+ ToJoJoJoJo] 1 ]o [ac]
RIW
7223000.1

Fig. 3 TDA8425 module address.
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Hi-fi stereo audio processor; 12C-bus TDA8425

Subaddress
After the module address byte a second byte is used to select the following functions:
® Volume left, volume right, bass, treble and switch functions

The subaddress SAD is stored within the TDA8425. Table 1 defines the coding of the second byte
after the module address MAD.

Table 1 Second byte after module address MAD

128 64 32 16 8 4 2 1

MSB LSB
function 7 6 5 4 3 2 1 0
volume left 0 0 0 0 0] 0 0 0
volume right 0 0 0 0 0 0 0 1
bass 0 0 0 0 0 0 1 4]
treble 0 0 0 0 0 0 1 1
switch functions o 0 0 0 1 0 ] 0

) subaddress SAD

The automatic increment feature of the slave address enables a quick slave receiver initialization,
within one transmission, by the 12C-bus controlier (see Fig. 5).

Definition of 3rd byte

A third byte is used to transmit data to the TDA8425. Table 2 defines the coding of the third byte
after module address MAD and subaddress SAD.

Table 2 Third byte after module address MAD and subaddress SAD

MSB LSB
function 7 6 5 4 3 2 1 0
volume left VL 1 1 V05 Vo4 V03 v02 V01 vO00
volume right VR 1 1 V15 vi4 Vi3 V12 A\YAN V10
bass BA 1 1 1 1 BA3 BA2 BA1 BAO
treble TR 1 1 1 1 TR3 TR2 TR1 TRO
switch functions S1 1 1 MU EFL STL ML1 MLO 1S
October 1988 319
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Hi-fi stereo audio processor; 12C-bus TDA8425

Truth tables

Truth tables for the switch functions

Table 3 Source selector

function ML1 | MLO | 1S | channel
stereo 1 1 0 1
stereo 1 1 1 2
sound A 0} 1 0 1
sound B 1 0 0 1
sound A 0 1 1 2
sound B 1 0 1 2

Table 4 Pseudo stereo/spatial stereo/linear stereo/forced mono

choice STL EFL

spatial stereo

linear stereo. -
pseudo stereo
forced mono*

o - R
QO =20 —

Table 5 Mute

mute MU

active; automatic
after POR 1
not active 0

Where: POR = Power-ON Reset.

Truth tables for the volume, bass and treble controls

Table 6 Volume control

2‘:5é5)tep Vx5 Vxa Vx3 V x2 Vx1 VxO0
6 1 1 1 1 1 1
—62 0 1 1 1 0 !
—64 0 1 1 1 0 0
<-80 | o |1 v 1o 11 |1
<-8 |0 |0 o jo |0 |0

* Pseudo stereo function is not possible in this mode.
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Preliminary specification

Hi-fi stereo audio processor; 12C-bus

TDA8425

Table 7 Bass control

3 dB/step BAO
(dB) BA3 BA?2 BA2
15 1 1 1 1
15 1 0 1 1
12 1 0 1 0
0 0 1 1 0
~12 0 0 1 0
Z12 0 0 0 0
Table 8 Treble control
3 dB/step
(dB) TR3 TR2 TR2 TRO
12 1 1 1 1
:12 1 0 1 0
0 0 1 1 0
—12 0 0 1 0
-12 0 0 0 0
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Hi-fi stereo audio processor; 12C-bus TDA8425

Sequence of data transmission

After a power-on reset all five functions have to be adjusted with five data transmissions. |t is
recommended that data information for switch functions are transmitted last because all functions
have to be adjusted when the muting is switched off. The sequence of transmission of other data
information is not critical.

The order of data transmission is shown in Figures 4 and 6. The number of data transmissions is
unrestricted but before each data byte the module address MAD and the correct subaddress SAD
is required.

[sTawap]sAD]vL [sTA]MAD[sAD] VR [sTA[MAD][sAD] BA [sTA[MAD[sAD| TR Jj
* e —— [— e —— [—

start
condition

|
— ——— |
The order of this information is arbitrary i

——
e
——

—_—
—
——

— e —

L[STA]MAD]SADI S1 [STh
N i stop
last information condition 7223001

t - Fig. 4 Data transmission after a power-on reset.

_/ L
[sTa]map]sap] , |/ / [sTa]mapn]sap} , [sTO]
/o] I

VL, VR, BA, TR, S1 respectively VL, VR, BA, TR, S1 respectively
7223002

Fig. 5 Data transmission after a power-on reset with auto increment.

[sta]man|san| « |sTo0]

N oy [vi[vn]ea 5]

7221488

Fig. 6 Data transmission except after power-on reset,
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Hi-fi stereo audio processor; I2C-bus TDA8425
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage Vee 0 16 \
Voltage range for pins with external capacitors Vcap 0 Vee A
Voltage range for pins 11 and 12 VsDA, SCL 0 Vee \%
Voltage range at pins 1,3,9, 11, 12, 13, 18 and 20 Vi/o 0 Vee \%
Output current at pins 9 and 13 o - 45 mA
Total power dissipation at Tgmp < 70 °C Piot - 450 mwW
Operating ambient temperature range Tamb 0 70 oC
Storage temperature range Tstg -25 + 160 oC
Electrostatic handling, classification A*

Human body model: C= 100 pF, R = 1.5 kf2 and V = 4 kV; charge device model: C = 200 pF,
R=0Qand V=500 V.
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Preliminary specification

‘Hi-fi stereo audio processor; 12C-bus TDA8425
DC CHARACTERISTICS
vVee = 12 V: Tamb = 25 ©C; unless otherwise specified
parameter symbol min. typ. max. unit
Supply voltage Vee 10.8 12.0 13.2 \
Supply current
atVec =12V Ice - 26 35 mA
Internal reference voltage Viyef 5.4 0.5 x Vee 6.6 \
Internal voitage
at pins 1, 3, 18 and 20
DC voltage internally generated;
capacitive coupling recommended V) - VREF — \Y
Internal voltage
at pins 9and 13 Vo — VREF - \
SDA; SCL (pins 11 and 12)
input voltage HIGH VIH 3.0 —_ Vce \
input voltage LOW ViL —0.3 - 1.5 \
input current HIGH HH - - + 10 A
input current LOW L -10 - - uA
( Output voltage at pins
with external capacitors
pins6to 8, 14t0 17,19 Veap.n - VREF - \
October 1988 3-24
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'Hi-fi stereo audio processor; 12C-bus TDAB425

AC CHARACTERISTICS

Vce = 12 V; bass/treble in linear position; pseudo and spatial stereo off; R| > 10k&; C| <1000 pF;
Tamb = 25 ©C; unless otherwise specified

parameter symbol min. typ. max. unit

12C bus timing (see Fig. 7)
SDA, SCL (pin 11 and 12)

Clock frequency range fscL o — 100 kHz
The HIGH period of the clock tHIGH 4 - - us
The LOW period of the clock tLow 4.7 - — us
SCL rise time tr - - 1 Ms
SCL fall time tf - - 0.3 us
Set-up time for start condition tSU;STA 4.7 - - us
Hold time for start condition tHD;STA 4 - - us
Set-up time for stop condition tsu: sTO 4.7 - - us
Time bus must be free before
a new transmission can start tBUF 4.7 - - us
( Set-up time DATA tsu: DAT 250 — - ns
t INPUTS

IN1 L (pin 18) IN1 R (pin 20);
IN2 L (pin 1) IN2 R (pin 3)

Input signal handling (RMS value)
atV,=-12dB; THD < 0.5% Vi(rms) 2 - — \Y)

Input resistance R 20 30 40 k2

Frequency response (—0,5 dB)
bass and treble in linear position;
stereo mode; effects off f 20 - 20000 Hz

OUTPUTS
OUT R (pin 9); OUT L (pin 13)
Output voltage range (rms value)

Load resistance R 10 - - k&2
Output impedance Zo - - 100 Q

Signal plus noise-to-noise ratio (weighted
according to CCIR 468-2); Vo=600mV

gain = 6 dB (S+N)/N — 78 — dB

gain = 0 dB (S+N)/N - 86 - dB

gain = < —20 dB {S+N)/N - 68 - dB
October 1988 3-25
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Hi-fi stereo audio processor; 12C-bus TDAB425

AC CHARACTERISTICS (continued)

parameter symbol | min. | typ. max. {unit

OUTPUTS (continued)

Crosstalk between inputs at gain = 0 dB;
1 kHz; opposite inputs grounded (50 §2);
IN1L (pin 18) to IN2L (pin 1) or
IN1R (pin 20) to IN2R (pin 3) aer - 100 |- dB

Total harmonic distortion
{(f =20 Hz to 12.5 kHz)

for Vi(rms) = 0.3v;

gain = + 6 dB to —40 dB THD - 0.05 | — %

for Vi(rms) = 0.6 V;

gain = 0 dB to —40 dB THD - 0.07 |04 %

for Vi(rms) = 2.0 V;

gain = —12 dB to —40 dB THD - 0.1 - %
Channel separation at 10 kHz

gain=0dB ocs - 80 - dB

Ripple rejection (gain = 0 dB;
bass and treble in linear position)
fripple = 100 Hz RR100 | — 50 - dB

Crosstalk attenuation from logic
inputs to AF outputs (gain = 0 dB;
bass and treble in linear position) o - 100 - dB

VOLUME CONTROL
For truth table see Table 6
Contro! range at f = 1 kHz (36 steps)

maximum voltage gain (6 dB step) Gmax |5 6 - dB
minimum voltage gain (—64 dB step) Gmin —63 | —64 | — dB
mute position Gmute | =80 | —90 | — dB
Gain tracking error; balance in mid-position G - - 2 dB

Step resolution
gain from —42 dB to —64 dB Gstep

2.0 2.5 dB/step
20 3.0 dB/step

-t
o m

TREBLE CONTROL
For truth table see Table 8

Control range
for Cg.5; C14.5 = 5.6 nF
Maximum emphasis at 15 kHz with
respect to linear position G 1 12 13 dB

Maximum attenuation at 15 kHz with
respect to linear position G 11 12 13 dB

Resolution Gstep |25 | 3.0 |35 |dB/step
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Hi-fi stereo audio processor; 12C-bus TDAB8425
parameter symbol min. typ. max. unit
BASS CONTROL

For truth table see Table 7

Control range
for Cg.7:C15.16 = 33 nF
Maximum emphasis at 40 Hz with

respect to linear position G 14 15 16 dB
Maximum attenuation at 40 Hz with

respect to linear position G 1 12 13 dB
Resolution Gstep 2.5 3.0 3.5 dB/step

SPATIAL AND PSEUDO FUNCTION
Spatial:
Antiphase crosstalk « - 52 - %

Pseudo:
Phase shift (see Fig. 8)

Note to the AC characteristics
1. Balance is realized via software by different volume settings in both channels (left and right).

1, tf

i — _>1<—

I A

tLow -+ THIGH ————

f——————
SDA start condition
e tsu;STAJ L‘HD;STA —

SDA stop condition

tetsu; STO *l tBUF —=
'y
tsu; DAT b THD; DAT — L_ 7281206.1
tgU; STA = start code set-up time. tgyF = bus free time.
tHD: STA= start code hold time. tsu; DAT= data set-up time.
tsy: STO = stop code set-up time. tHD; DAT = data hold time.

Fig. 7 Timing requirements for 12Cbus.
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'Hi-fi stereo audio processor; I2C-bus TDA8425
0 20 40 6080100
. =
0 < -7 7281215
N :\\ 1
N b2
\R‘\\ ATl
—100 w A pin17 | pin 19 ffect
\ curve (nF) (nF) effec
XN
-200 \\ 1 15 15 normal
2 5.6 47 intensified
3 5.6 68 more intensified
- 300
N
\’Q:\‘
-400
4 10 102 103 104 (Hz) 105

Fig. 8 Pseudo (phase in degrees) as a
function of frequency (left output).

o

7281801

THD
{dB)

—60

e “2\%

—-80 p—— /

7o Town %'%

40 kHz/
1kHz

-90

(=
-
N

input voltage (V)

Fig. 9 Input signal handling capability; gain = —10 dB; Rg =600 ; R_ = 10 k2; bass/trebble = 0 dB;

Vee=12 V.
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Vp

$ +12 V to oscilloscope

6.8 Q LA

9 —l—v outputs
TDAB425 I to
13 1

oscilloscope

2200

.

—

7281531

Icc = 25mA
||oad =239 mA
ton = 15 ms
toff = 110ms
Fig. 23 Turn-on/off power supply circuit diagram.
i
X
TDAB425 POWER
STAGE
Gv(max) =6dB
Vi(miny = 300 mV Vg = 600 mV for P Pmax 7781530

Fig. 24 Level diagram.
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SDA ¢—p———— 11 10 fj——§ DGND
2.2 uF
+
SCL i 12 5 ——{I—— ouTRr
2.2 uF 5.6 nF
ouTL ¢—{f— 8 ——F——28 TReBLER
5.6 nF
TREBLE L §———}— 14 7 _L BASS R
33 nF
BASS L .L__— 15 6 -—J BASS R
33 nF TDAB425
BASS L T— 16 5 f—————— AGND
100 nF
15 nf [—_-"——§
pseupo 2 y¥————F— 17 4 Veg =12V
470 nF 470 nF
N1 L —fp——ri 8 3 b——{b——< IN2R
15 nF 100 pf
PSEUDO 1 § 1} 18 2 l—F—
-470 nF 470 nF
Nt R ——o} 20 1 —pb——e iNn2L
7281532.1

Fig. 25 Test and application circuit diagram.

TE
BUS
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Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system
provided the system conforms to the 12C specifications defined by Phiiips.
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