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TDA2005

20W BRIDGE AMPLIFIER FOR CAR RADIO

High output power: Po =10 + 10 W@RL = 2Q,

d=10% ; Po =20W@RL =4Q ,d =1 %.

High reliability of the chip and package with addi-

tional complete safety during operation thanks to

protection against :

s QUTPUT DC AND AC SHORT CIRCUIT TO
GROUND

= OVERRATING CHIP TEMPERATURE

= | OAD DUMP VOLTAGE SURGE

= FORTUITOUS OPEN GROUND

= VERY INDUCTIVE LOADS

Flexibilityin use :  bridge or stereo booster ampli-

fiers with or without boostrap and with programma-

ble gain and bandwidth.

Space and cost saving : very low number of

external components, very simple mounting sys-

tem with no electrical isolation between the pack-

age and the heatsink (one screw only).

In addition, the circuit offers loudspeaker protec-

tion during short circuit for one wire to ground.

ABSOLUTE MAXIMUM RATINGS

MULTIWATT11

ORDERING NUMBERS : TDA2005M (Bridge Appl.)

TDA2005S (Stereo Appl.)

DESCRIPTION

The TDA2005 is class B dual audio power amplifier
in MULTIWATTL package specifically designed for
car radio application : power booster amplifiers

are easily designed using this device that provides
a high current capability (up to 3.5 A) and that can
drive very low impedance loads (down to 1.6Q in

Symbol Parameter Value Unit
Vs Operating Supply Voltage 18 V
Vs DC Supply Voltage 28 \%
Vs Peak Supply Voltage (for 50 ms) 40 Vv
lo (*) Output Peak Current (non repetitive t = 0.1 ms) 4.5 A
lo (*) Output Peak Current (repetitive f > 10 Hz) 3.5 A
Piot Power Dissipation at Tease = 60 °C 30 W
Tstg, T Storage and Junction Temperature — 40 to 150 °C
(*) The max. output current is internally limited.
PIN CONNECTION
/ l| ~ unfl—™ BOOTSTRAP(1)
10 3 outpuT(y)
‘$‘ soI—— +Vg
8 [ OuTPUT(2)
[ —] BOOTSTRAP(2)
*ﬂ}' 6 [ GN\D
s —— INPUT+(2)
4 3 INPUT-(2)
_$, s/ SVRR
3 — N1 )
\ " o~ I INPUT+(1)
Z TAB CONNECTED TO PIN 6 D95AU318
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SCHEMATIC DIAGRAM
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THERMAL DATA

Symbol

Parameter

Value

Unit

Rth j-case

Thermal Resistance Junction-case

Max.

°CIW
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TDA2005

BRIDGE AMPLIFIER APPLICATION (TDA2005M)

Figure 1 : Testand Application Circuit (Bridge amplifier)
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Figure 2 : P.C.Board and Components Layout of Figure 1 (1:1 scale)
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TDA2005

ELECTRICAL CHARACTERISTICS (referto the Bridge applicationcircuit, Tamb = 25°C, Gy = 50dB,
Rth (heatsink) = 4°C/W, unless otherwise specified)

Symbol Parameter Test Conditions Nlin.  Typ. Max. Uit
Vs Supply Voltage 8 18 \
Vos Output Offset Voltage (1) Vs = 14.4V 150 | mV

(between pin 8 and pin 10) Vs =13.2V 150 | mV
ld Total Quiescent Drain Current Vs = 14.4V RL =4Q 75 150 | mA
Vs = 13.2V RL =3.2Q 70 160 mA
Po Output Power d=10% f=1Hz W
Vs = 14.4V R =4Q 18 20
R. =3.2Q 20 22
Vs = 13.2V RL.=32Q 17 | 19
d Distortion f = 1kHz
Vs = 14.4V RL =4Q
Po =50mW to 15W 1 %
Vs =13.2V RL =3.2Q
P, = 50mW to 13W 1 %
A Input Sensitivity f = 1kHz
Po = 2W RL =4Q 9 mV
Py =2W RL =3.2Q 8 mV
Ri Input Resistance f = 1kHz 70 kQ
fiL Low Frequency Roll Off (-3dB) | R. =3.2Q 40 Hz
i High Frequency Roll Off (- 3dB) | R. =3.2Q 20 kHz
Gy Closed Loop Voltage Gain f=1kHz 50 dB
en Total Input Noise Voltage Ry = 10kQ (2) 3 10 N\
SVR Supply Voltage Rejection Rg = 10kQ, C4 = 10pF 45 55 dB
fripple = L00HZ, Vyipple = 0.5V
{b— n Efficiency Vs =14.4V, f=1 kHz -619-
P, = 20W RL =4Q 60 %
o = 22W R =3.2Q 60 %
Vs=13.2V,f=1kHz
Po = 19W RL =3.2Q 58 %
T; Thermal Shut-down Junction Vs =14.4V, R = 4Q 145 °C
Temperature f = 1kHz, Py = 13W
VosH Output Voltage with one Side of | Vs = 14.4V RL =4Q
Notes: 1| theoSpsAkessMeripd to ground | v = 13.2v RL=3.2Q 2 \

2T DAt T iteT T 227 o 22k
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TDA2005

Distortion versus Output Power

Figure 3: Output Offset Voltage versus Figure 4 :
Supply Voltage (bridge amplifier)
G-6126 H-4327
Vos d =
{mV } (%) —
4 Vo=l 4V
100 Gy=50d8
R Ri=é 0
t=1KkHz
80 10
L]
4 ‘ ]
¥, ¢ 1
60
/ : |
40 / T, :’
)4 : ]
/ ‘ ]
20
- // 2 -
Q 04
2 & L | 2 & E 8
] 10 12 14 1B v (v} 0 Py (W)
Figure5: Distortion versus Output Power
(bridge amplifier)
G-4328
2. =
(r) b+
n Vg=13.2V
6,a50d8
i Rz n
tz1KH2
& &
J |
i
p I
. I
5 L
' f
|
‘ )
>
4l z 4 L 2 4 § ¢
1 10 Py lw}
BRIDGE AMPLIFIER DESIGN
The following consideraions can be useful when designing a bridge amplifier
Parameter Single Ended Bridge
Vomax | Peak Output Voltage (before clipping) % (Vs — 2 VcE sat) Vs — 2 VCE sat
lo max Peak Output Current (before clippling) 1Vs =2 Veesa Vs~ 2 Veesa
2 RL RL
- 2 _ 2
Pomax | RMS Output Power (before clipping) 1 (Vs =2 Veesa) (Vs =2 Vee sa)”
4 2R 2RL
Where :  Vce sat = output transistors saturation voltage

Vs = allowable supply voltage
Rc = load impedance

5/20
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TDA2005

Voltage and current swings are twice for a bridge For sufficiently high gains (40 to 50dB) itis possible

amplifierin comparison with single ended amplifier. to put R2 = R4 and R3 = 2 Ry, simplifing the formula
In order words, with the same RL the bridge con- in:

figuration can deliver an output power that is four R1

times the output power of a single ended amplifier, Gv=4 R,

while, with the same max output current the bridge

configuration can deliver an output power that is G, (dB) R1 (Q) Rz = R4 (Q) Rs (Q)
twice the output power of a single ended amplifier. 70 1000 9 5000
Core must be taken when selecting Vs and RL in 50 1000 12 2000

order to avoid an output peak current above the
absolute maximum rating.

From the expression for lomax, assuming Vs Figure 6 : Bridge Configuration
=14.4V and VcE sat = 2V, the minimum load that
can be driven by TDA2005 in bridge configuration Yo
is: v, ‘]
Ry = Vs —2Vcgsat _ 14.4-4 A MHE—D |
L min = ol d ~T35 _© L Ry ; I

The voltage gain of the bridge configurationis given G B3
by (see Figure 34) : R

Vo R1 R3 o

Gy=—=1+—m———+—
V=Vt T OR:Rs O Ra Eﬂz
%ﬁ E 5- 4091

STEREO AMPLIFIER APPLICATION (TDA2005S)

_Eb_ Figure 7 : Typical Application Circuit {b_
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TDA2005

ELECTRICAL CHARACTERISTICS (referto the Stereo application circuit, Tamb = 25°C, Gv = 50dB,

Rth (heatsink) = 4°C/W, unless otherwwise specified)

Symbol Parameter Test Conditions flin.  Tlyp. Max. Uit
Vs Supply Voltage 8 18 \
Vo Quiescent Output Voltage Vs =14.4V 6.6 7.2 7.8 \Y
Vs =13.2V 6 6.6 7.2 \Y
ld Total Quiescent Drain Current Vs =14.4V 65 120 | mA
Vs =13.2V 62 120 | mA
Po Output Power (each channel) f=1kHz, d = 10% W
Vs =14.4V RL =4Q 6 6.5
RL=3.2Q 7 8
RL=2Q 9 10
RL = 1.6Q 10 11
Vs =13.2V RL = 3.2Q g 51-8
RL =1.6Q 12
Vs =16V RL=2Q
d Distortion (each channel) f = 1kHz
Vs = 14.4V R = 4Q
Po = 50mW to 4W 0.2 1 %
Vs =14.4V RL=2Q
Po = 50mW to 6W 0.3 1 %
Vs =13.2V RL=3.2Q
Po = 50mW to 3W 02 | 1 %
Vs =13.2V RL=1.6Q
P, = 40mW to 6W 03 | 1 | %
CT Cross Talk (1) Vs =14.4V, Vo = 4VRrus dB
R =4Q, Ry = 5kQ
f= 1kHz 60
f= 10kHz 45
'Eb' Vj Input Saturation Voltage 300 mV
Vi Input Sensitivity f=1kHz, P, = 1W mV
RL =4Q 6
RL=3.2Q 5.5
Ri Input Resistance f=1kHz 70 200 kQ
fL Low Frequency Roll Off (- 3dB) RL =2Q 50 Hz
i High Frequency Roll Off (— 3dB) R =20Q 15 kHz
Gy Voltage Gain (open loop) f=1kHz 90 dB
Gy Voltage Gain (closed loop) f=1kHz 48 50 51 dB
A Gy Closed Loop Gain Matching 0.5 dB
en Total Input Noise Voltage Rg = 10kQ (2) 15 5 uv
SVR Supply Voltage Rejection Ry = 10kQ, C3 = 10uF 35 45 dB
fripple =100Hz, Viipple = 0.5V
n Efficiency Vs =14.4V, f= 1kHz
Po = 6.5W RL=4Q 70 %
Po = 10W RL=2Q 60 %
Vs =13.2V, f= 1kHz
Po = 6.5W RL=3.2Q 70 %
Po = 100W RL=1.6Q 60 %
Notes: 1. For TDA2005M only
2. Bandwith Filter :22Hz to 22kHz.
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TDA2005
Figure 8 :  Quiescent Output Voltage versus Figure 9 :  Quiescent Drain Current versus
Supply Voltage (Stereo amplifier) Supply Voltage (Stereo amplifier)
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Figure 14 :

Distortion versus Frequency
(Stereo amplifier)
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Figure 15: Supply Voltage Rejection versus C3
(Stereo amplifier)
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Figure 17 : Supply Voltage Rejection versus
C2 and C3 (Stereo amplifier)
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Figure 19 :  Gain versus Input Sensitivity
(Stereo amplifier)
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Figure 20 :  Gain versus Input Sensitivity Figure 21 : Total Power Dissipation and Effi-

ciency versus Output Power

(Stereo amplifier) (Bridge amplifier)
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Figure 22 : Total Power Dissipation and Effi-
ciency versus Output Power
(Stereo amplifier)
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APPLICATION SUGGESTION
The recommended values of the components are those shown on Bridge applicatiion circuit of Figure 1.
Different values can be used ; the following table can help the designer.

Purpose

Larger Than

Smaller Than

Optimization of the Output
Symmetry

Smaller Po max

Smaller Py max

Recom.

Comp. Value

R1 120 kQ
R2 1kQ
R3 2 kQ

R4, Rs 12Q

Closed Loop Gain Setting (see
Bridge Amplifier Design) (*)

Frequency Stability

Danger of Oscillation at High
Frequency with Inductive Loads

Input DC Decoupling

Optimization of Turn on Pop and
Turn on Delay

High Turn on Delay

Higher Turn on Pop, Higher
Low Frequency Cut-off,
Increase of Noise

Supply by Pass

Danger of Oscillation

Ripple Rejection

Increase of SVR, Increase of
the Switch-on Time

Degradation of SVR.

Re, Rz 1Q
C1 2.2 uF
Co 2.2 uF
Cs 0.1 pF
Ca 10 pF
'q} Cs, C7 | 100 uF

Bootstrapping

Increase of Distortion '519'
at low Frequency

Ce, Cs | 220 pF

Feedback Input DC Decoupling,
Low Frequency Cut-off

Higher Low Frequency

Cg, ClO 0.1 pF

Frequency Stability

Danger of Oscillation

(*) The closed loop gain must be higher than 32dB.
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TDA2005

APPLICATION INFORMATION
Figure 23 : Bridge Amplifier without Boostrap
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Figure 24 : P.C.Board and Components Layout of Figure 23 (1:1 scale)
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TDA2005
APPLICATION INFORMATION (continued)
Figure 25 : Low Cost Bridge Amplifier (Gy = 42dB)
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Figure 26 : P.C.Board and ComponentsLayout of Figure 25 (1:1 scale)
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APPLICATION INFORMATION (continued)

Figure 27 : 10+ 10 W Stereo Amplifier with Tone Balance and Loudness Control
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Figure 28 : Tone Control Response
(circuit of Figure 29)
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APPLICATION INFORMATION (continued)

Figure 29 :

20W Bus Amplifier
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Figure 30 : Simple 20W Two Way Amplifier (Fc = 2kHz)
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APPLICATION INFORMATION (continued)

Figure 31 : Bridge Amplifier Circuit suited for Low-gain Applications (Gv = 34dB)
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Figure 32 : Example of Muting Circuit
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BUILT-IN PROTECTION SYSTEMS

Load Dump Voltage Surge

The TDA2005 has a circuit which enables it to
withstanda voltage pulsetrain, on Pin 9, of the type
shown in Figure 34.

If the supply voltage peaks to more than 40V, then
an LC filter must be inserted between the supply
and pin 9, in order to assure that the pulses at pin
9 will be held withing the limits shown.

AsuggestedLC networkis shownin Figure 33. With
this network, a train of pulses with amplitude up to
120V and width of 2ms can be applied at point A.
This type of protection is ON when the supply
voltage (pulse or DC) exceeds 18V. For this reason
the maximum operating supply voltage is 18V.

Figure 33
A  L=2mH
FROM
SUPPLY TO PING
LINE c
3000 pF
16v
5-13011
Figure 34
Vs(V)
L
L0
t1 =50ms
t2 =1000ms
16.4 —
1
i1
..____L.:'.__,_.J % - 19001t

Short Circuit (AC and DC conditions)

The TDA2005 can withstanda permanentshort-cir-
cuiton the output for a supply voltage up to 16V.

Polarity Inversion

High current (up to 10A) can be handled by the
device with no damage for a longer period than the
blow-out time of a quick 2A fuse (normally con-
nected in series with the supply). This feature is
added to avoid destruction, if during fitting to the
car, a mistake on the connection of the supply is
made.

<7

Open Ground

When the ratio is in the ON condition and the
ground is accidentally opened, a standard audio
amplifier will be damaged. Onthe TDA2005 protec-
tion diodes are included to avoid any damage.

Inductive Load

A protection diode is provided to allow use of the
TDA2005 with inductive loads.

DC Voltage

The maximum operating DC voltage for the
TDA2005 is 18V.

However the device can withstand a DC voltage up
to 28V with no damage. This could occur during
winterif twobatteries are series connectedto crank
the engine.

Thermal Shut-down

The presence of a thermallimiting circuit offers the

following advantages:

1) an overload on the output (even if it is
permanent), or an excessive ambient
temperature can be easily withstood.

2) the heatsink can have a smaller factor of safety
compared with that of a conventional circuit.
There is no device damage in the case of
excessive junction temperature : all that
happensis thatPo (and therefore Piot) and lq are
reduced.

The maximum allowable power dissipation de-

pends upon the size of the external heatsink (i.e. its

thermal resistance) ; Figure 35 shows the dissipa-
ble power as a function of ambienttemperature for
different thermal resistance.

Loudspeaker Protection

The circuit offers loudspeaker protection during
short circuit for one wire to ground.
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Figure 35: Maximum Allowable Power Dissipa- Figure 36 : Output Power and Drain Current ver-
tion versus Ambient Temperature sus Case Temperature
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Figure 37 : Output Power and Drain Current ver-
sus Case Temperature
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DIM. mm inch
MIN. | TYP. [MaX. [ MIN. [ TvP. [maAxX. OUTLINE AND
A = 0.197 MECHANICAL DATA
B 2.65 0.104
c 16 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | oss 0.95 | 0.035 0.037
G | 145 | 1.7 | 1.95 | 0.057 | 0.067 | 0.077
Gl |1675| 17 |17.25|0.659 | 0.669 | 0.679
H1 | 196 0.772
H2 20.2 0.795
L | 219 | 222 | 225 [ 0.862 [ 0.874 | 0.886
L1 | 217 | 221 | 225 |0.854 | 0.87 |0.886
L2 | 174 18.1 | 0.685 0.713
L3 |17.25| 175 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 10.7 | 10.9 | 0.406 | 0.421 | 0.429
L7 | 265 29 | 0104 0.114
M | 425 | 455 | 485 | 0.167 [0.179 [ 0.101
ML | 473 | 5.08 | 5.43 | 0.186 | 0.200 | 0.214
s | 19 26 | 0075 0.102
s1 | 1.9 26 | 0075 0.102 Multiwattll V
Dial | 3.65 3.85 | 0.144 0.152
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