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Bostjan Perko Ojacevalnik 30W

UvVOD

Za izdelavo projekta integriranega ojacevalnika, sem se odloc¢il zaradi
zahteve pri predmetu Elektronska vezja in seveda tudi zaradi prakticne
uporabe. Saj je integrirano vezje TDA2005 zaradi kvalitetne reprodukcije
uporabno tudi v Hi-Fi sistemih, pa ¢eprav je bilo v osnovi namenjeno za
uporabo v avtoradijih.

Na$ ojacevalnik nam da 30W sinusne moc€i, pri napajanju 18V in
zvocnikih upornosti 4Q.

Seveda pa je primerna tudi napetost 12-14V iz avtomobilskega
akumulatorja.

Lahko pa uporabimo tudi zvo¢nike upornosti do 8CQ2 in manjSe napajanje
vse do 6V, ampak potem je tudi mo¢ manjsa.
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Delovanje vezja:

Na sliki 1 si lahko ogledate shemo integriranega ojacevalnik, z vsemi
vrednostmi elementov, ki so bili uporabljeni.

Shemo TDA2005 si lahko ogledate v datashetu. V datashetu so
predstavljen tudi Se druge verzije uporabe integriranega vezja, kakor je
tudi opisano delovanje samega integriranega vezja. Delovanje naSega
integriranega ojacevalnika je pa sledece;

Ko na vhod pripeljemo na§ vhodni signal, se nam v tocki B pojavi
izhodni signal, ki je v fazi z vhodnim, ki ga nato ponovno peljemo preko
uporovnega delilnika na minus vhodno sponko naSega integriranega
vezja (tocka C). V tocki D se nam pojavi ojacan signal, ki ima obrnjeno
fazo.

Torej, ko rase nas vhodni signal, rase signal tudi v tocki B in obenem
pada v tocki D. Nas zvo¢nik je priklju¢en med tockama B in D. Zato se s
staliS€a zvocnika zdi da je izhodna napetost dvojna. Torej bi morali imeti
na enem izhodu dvojno napetost, e bi eno sponko zvocnika prikljucili na
maso.

Za doseganje vecjih moci je ta princip mostne vezave idealen pri nizkih
napajalnih napetostih.
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Slika 1: Shema integriranega ojacevalnika
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Izmerjene karakteristike:

Karakteristike, ki so bile izmerjene so predstavljena na spodnjih slikah.
Pri izpisu izrisanih karakteristik je bila uporabljena funkcije print screan.
Na vseh slikah so tako vsi podatki oziroma rezultati, zato rezultati niso
ponovno napisani pod vsako sliko.

ALive 10 Hz 19.037 dB

deg | 10Hz 100 kHz
Transfer Func. Unwrp.Phase 28s

Slika 2: Prevajalna karakteristika



Bostjan Perko Ojacevalnik 30W

A Live : 1.024 kHz 13.020 dBvipk
# Harmonics
100
Display
Fundamental
Readout Mode
: : Absolute
dBvVpk | 0 Hz 128 kHz 25,6 kHz
PK EFT ch2 Log Mag BMH NoAvg THD o
B Live ! ' ;
& I TN
ik i 521 dB
RMS Harmn. P owner
1 5.539 myrms
Wkﬂh ..........................

A Live i 1.024 kHz -196.461 mdBVpk
7015 ) .
ABVK | RN SRS SO S SO SN DO  H 2 mionics
- | SR - S R 100
1'D [ & Cisplay
I‘ | || 'I'l | I Readout Mode
b Y Il Y L Absolute
dBwvpk{ OH 128 kH 255 kH
VPK ! EFT cha Log Mag BMH an:n-.-g IE THD
B Live | 5966 ms 101 b
2 e s L
‘l.l'pl-n -355 dB
 RMS Harm. P owver
500 B.161 mVrms
mwk”w ...........................

Slika 4: Popacenje pri 10mv
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Slika 6: Sum pri kratkem stiku na vhodu.
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ZAKLJUCEK

Pri izdelavi integriranega ojacCevalnika ni priSlo do nobenih posebnih
tezav. V veliki meri je to tudi zasluga vira, ki je bil izbran. Seveda pa je
pri izdelavi Se vedno potrebno vsaj osnovno znanje elektrotehnike.
Osebno se nisem odlocil za izdelavo tiskanine. To seveda potegne za
seboj malo ve¢ spajkanja, zato je priporoc¢jiva kakSna izku$nja. No ja
ampak nekje se je potrebno nauciti, sam mogoce bo to uc¢enje vzelo malo
vec Casa.

Ojacevalnik glede na karakteristike svoje delo opravlja. Problem bi se
lahko pojavil pri izvoru napajanja z veliko notranjo upornostjo —
popacenje zvoka. Za ta problem je tudi predvidena reSitev z dodatnim
elektrolitskim kondenzatorjem na vhodu.

V primeru, da ne bi imeli izvora signala z vgrajeno regulacijo glasnosti,
je pa moznost tudi nadgradnje z dodatnim potenciometrom za regulacijo
glasnosti.

VIRI:
Svet Elektronike Stevilka 150

Datasheat TDA2005 povezava: http://kitsrus.com/pdf/tda2005.pdf
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TDA2005

20W BRIDGE AMPLIFIER FOR CAR RADIO

High output power: Pg =10 + 10 W@RL = 20,

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 -

= OUTPUT DC AND AC SHORT CIRCUIT TO
GROUND

= OVERRATING CHIFP TEMPERATURE

= LOAD DUMP VOLTAGE SURGE

= FORTUITOUS OPEN GRCOUND

= VERY INDUCTIVE LOADS

Flexibility in use : bridge or stereo boosterampli-

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.)
TDAZ20055 (Stereo Appl.)

DESCRIPTION

The TDA2005is class B dual audio poweramplifier
in MULTIWATT® 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 1.602 in

Symbol Parameter Value Unit
Ve Operating Supply Vaoltage 18 W
e DC Supply Valtage 28 W
Ve Peak Supply Veoltage (for 50 ms) 40 v
lo (") Output Peak Current (non repetitive t = 0.1 ms) 45 A
lo (") Output Peak Current (repetitive f = 10 Hz) 35 A
Phot Power Dissipation at T,z = 60 °C 30 w
Tatg, T, Storage and Junction Temperature — 40 to 150 “C
(*) The max. output current is internally limited.
PIN CONNECTION
/ “ ~ — BOOTSTRAP(1)
U m— T (]
$‘ Pl e RN
s 3 outPuT)
[ e— BOOTSTRAP(2)
) —c ]
]
4
2
\\ 1 P
Z TAE CONKECTED TOPINE DISAUG
October 1998 1120
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SCHEMATIC DIAGRAM
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THERMAL DATA
Symbol Parameter Value Unit
Rtnj-case Thermal Resistance Junction-case Ma. 3 CIW
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BRIDGE AMPLIFIER APPLICATION (TDAZ2003M)

Figure 1 : Test and 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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ELECTRICAL CHARACTERISTICS (refer to the Bridge application circuit, Tams = 25°C, Gy = 50dB,
Rin iheatsink) = 4°C/W, unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Ve Supply Yoltage 8 18
Vag Output Offset Voltage (1) We = 14.4Y 150 mY

{betwesen pin & and pin 10} We =132V 150 m
la Total Quiescent Drain Current Ve =14 4Y RL =40 TS 150 mA
W= 132V RL = 3.20 70 160 | ma
Pg QOutput Power d=10% f=1Hz W
W =144 R =40 18 20
R =320 20 22
We=132V RL=320 17 | 18
d Distortion f=1kHz
We =144V R =40
Fao = 30mW to 15W 1 %
W= 132V R =320
Py = S0mW to 123W 1 %
W Input Sensitivity f=1kHz
Po =2W RL =40 9 m'
Fao =2W RL =3.20 8 my
R Input Resistance f=1kHz 70 kL
fi Low Frequency Rell Off (- 3dB) | R, =3.20 40 | Hz
T High Freguency Roll Off (- 3dB) | R, =3.20 20 kHz
Gy Closed Loop Veltage Gain f=1kHz o0 dB
&M Total Input Noise Voltage Rg = 10kg: (2} 3 10 v
SVR Supply Yoltage Rejection Ry = 10k, Cs= 10pF 45 53 dB
frppie = 100HzZ, Vippe = 0.3V
1 Efficiency We=144V f=1 kHz
Py =20W R =40 &0 %
Po=22W RL=3.20 60 %
We= 132V, =1 kHz
Po = 19W RL=3.20 =8 %
T Thermal Shut-down Junction We =144V, R = 40 145 o
Temperaturs f=1kHz, Py = 1230
ViosH Output Yoltage with one Side of | ve = 14.4v RL =480
Motes : 1| thecSrsakstsnarigd to ground We =132V RL=3.2Q 2 W
. Bl TEWILTT FIREY L Fis W SRS,
4120 IT]
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Figure 3 : Output Offset Voltage versus Figure 4 : Distortion versus Output Power
Supply Voltage (bridge amplifier)
v &-L336 4 . &-&37
i) ol = :
. Vosle LY H
1048 = OB
" Fipad 0 |
’! # = 1KHx
an L=
L]
v/ . H
60
/ : f
/
0 7 i,
A '
20 4 s
\'n.._ _.-/ | 1 ~ |
¢ : n‘ T s 1 L.
L} 1w 12 1% A1 V,‘HI 1 £ hLil Pu!'l']
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(bridge amplifier)
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BRIDGE AMPLIFIER DESIGN
The following consideraions can be useful when designing a bridge amplifier.
Parameter Single Ended Bridge
1.,
Vamax | Peak Output'Voltage (before clipping) 3 (Vs — 2 WeE gat) Ve —2 Ve zat
- YWes ! — ! "
la max Peak Cuiput Current (befors clippling) lm %
2 RL R
P RMS Output Power (before clipping) 1 (Vs —2 Veesa)® M52 Vez et
o max T 2R, 2Ry
Where :  VcE sa = output transistors saturation voliage

Wz = allowable supply voltage
FL= load impedance

7
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WVoltage and current swings are twice for a bridge
amplifier in comparison with single ended amplifier.
In order words, with the same RL the bridge con-
figuration can deliver an output power that is four
times the output power of a single ended amplifier,
while, with the same max output current the bridge
configuration can deliver an output power that is
twice the output power of a single ended amplifier.
Core must be taken when selecting V= and RL in
order to avoid an output peak current above the
absolute maximum rating.
From the expression for lomax, assuming Vs
=14 4V and Vcesat = 2V, the minimum load that
can be driven by TDA2005 in bridge configuration
is

R _VS_ZVCEsat _ 14.4 -4

L min = IO e = 35

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

Vi R1 Rz

T TR R VR
R2+R4

=2970Q

STEREO AMPLIFIER APPLICATION (TDA2005S)

Figure 7 : Typical Application Circuit

Forsufficiently high gains (40 to 50dB) itis possible
to put Rz =R+ and Ra = 2 R4, simplifing the formula

n:

Ri

Gu=4—t

v =
Gy (dB) Ry (Q) Rz =R: () Rz (Q)
a0 1000 39 2000
50 1000 12 2000

Figure 6 : Bridge Configuration
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ELECTRICAL CHARACTERISTICS (refer to the Stereo application circuit, Tams = 26°C, Gy = 50dB,

Rin iheatsink) = 4°C/W, unless otherwwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vi Supply Voltage 8 18
Ve Quisscent Oufput Voltage Wy =144V 6.6 72 7.8
Ve =132V B BB 7.2
la Total Quiescent Drain Current Wy =144V &5 120 mA
Vg = W 62 120 | ma
Pe Output Power (each channel) =10% W
Ry =40 B 6.5
R =320 7 g
R =201 9 10
R =160 o n
s =13.2V RL=3.20 S 51-5
R =168 12
Vs = 16V R =201
d Distertion (each channel) f=1kHz
Vg = 14,4V R =40
SO0mW to W 0.2 1 %%
14 4V RL=20
OmW to BW 0.3 1 %
13.2v RL =320
S0mW to 3W 02 1 %
13.2v RL= 1.6} ,
o = 40mW to BW 03 ] 1 %
CT Cross Talk (1) Wy =144V, Wy = 4V Rus dB
R =40, Ry =5k
f=1kHz B0
f=10kHz 43
W Input Saturation Voltage 300 Y
W) Input Sensitivity f=1kHz, Py = 1W m
RL =480 B
RL =320 55
Ri Input Resistance f = 1kHz 70 200 (]
fiL Low Frequency Roll Off (— 3dB) RL =2Q 30 Hz
f High Freguency Roll Off (- 3dB) RL=20Q 15 kHz
Gy ‘Yoltage Gain (open locop) f=1kHz an dB
Gy Yoltage Gain (closad loop) f = 1kHz 45 50 51 dB
A Gy Clozed Loop Gain Matching 0.5 dB
en Total Input Noise Voltage Rg = 10kQ {2) 5 5 p
SVR Supply Voltage Rejection Rg = 10k, C3 = 10pF a5 45 dB
fripgie = 100HzZ, Vpgpie = 0.5V
1 Efficiency Vg =144V, f= 1kHz
g = B.SW R =40 70 %%
Pg = 10W RL=20 &0 %
13.2v, f= 1kHz
¢ = B.SW RL =320 70 %
Po = 100W RL= 160 &0 *
Notes : 1. For TDA2005Manty
2 Bandwith Filter :22Hz to 22kHz.
ITI Ti20
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Figure 8 : Quiescent Output Voltage versus
Supply Voltage (Stereo amplifier)
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Figure 10 : Distortion versus Output Power
(Stereo amplifier)
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Figure 12 : Output Power versus Supply Voltage
(Stereo amplifier)
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Figure 9 : Quiescent Drain Current versus
Supply Voltage (Stereo amplifier)
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Figure 11 : Qutput Power versus Supply Voltage
(Stereo amplifier)
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Figure 14 : Distortion versus Frequency Figure 15 : Supply Voltage Rejection versus C3
(Stereo amplifier) (Stereo amplifier)
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Figure 16 : Supply Voltage Rejection versus Figure 17 : Supply Voltage Rejection versus
Frequency (Stereo amplifier) C2and C3 (Stereo amplifier)
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Figure 18 : Supply Voltage Rejection versus Figure 19 : Gain versus Input Sensitivity
C2 and C3 (Sterec amplifier) (Stereo amplifier)
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Figure 20 : Gain versus Input Sensitivity
(Stereo amplifier)
1

Gy[ T
L | !
Vo 164 1
Lk i
- \— 11 A= 20 T [ 00
.Y
45 \ i il
&
an
i ] \\ - L
S [
» ALETIIN !
26 l xr
ks O SI :
1] ko] 100 300 Wilm¥)

Figure 22 : Total Power Dissipation and Effi-
ciency versus Output Power
(Stereo amplifier)
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Figure 21 : Total Power Dissipation and Effi-
ciency versus Qutput Power
(Bridge 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.

Comp. th?:lzr:. Purpose Larger Than Smaller Than
as! 120 kx| Opfimization of the Output Smaller Po max Smaller Po max
Symmeiry
Rz Tk
Ra 2 kQ2
Rz, Rs 120 Closed Loop Gain Setting (see
Bridge Amglifizr Design) (*)
Rs, Rr 140 Frequency Stability Danger of Oscillation at High
Frequency with Inductive Loads
Cy 22 pF | Input DC Decoupling
Ca 22 WF Optimization of Turn on Pop and | High Turn on Delay Higher Turn an Pop, Higher
Turn on Delay Loww Freguency Cut-off,
Increase of Noiss
Cs 0.1 puF | Supply by Pass Danger of Oscillation
Ca 10 uF Ripple Rejection Increase of SVR, Increase of Degradation of SVR.
the Switch-on Time
Cs, C7 | 100 pF | Bootstrapping Increase of Distortion
at low Frequency
Cs, Cs | 220 uF | Feedback InputDC Decoupling, Higher Low Frequency
Lover Freguency Cut-off Cut-off
Cag, Cwn| 0.1 pF | Freguency Stability Danger of Oscillation

("1 The closed logp gain must be higher than 32dB.

11420
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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 scalg)
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APPLICATION INFORMATION (continued)
Figure 25 : Low Cost Bridge Amplifier (Gy = 42dB)
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Figure 26 : PC_Board and Components Layout of Figure 25 {1:1 scale)

3

13/20




TDA2005

APPLICATION INFORMATION (continued}

Figure 27 : 10 + 10 W Stereo Amplifier with Tone Balance and Loudness Control
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{circuit of Figure 29}
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APPLICATION INFORMATION (continued)
Figure 29 : 20W Bus Amplifier

Figure 30 : Simple 20W Two Way Amplifier (Fc = 2kHz)
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BUILT-IN PROTECTION SYSTEMS

Load Dump Voltage Surge

The TDA2005 has a circuit which enables it to
withstand a voltage pulse train, 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 netwaork, a train of pulses with amplitude up to
120% and width of 2Zms can be applied at point A
This type of protection is ON when the supply
voltage (pulse or DC)exceeds 18Y. For this reason
the maximum operating supply voltage is 18V.

Figure 33

A LaZmH

ol 10 PINS
LINE ¢
3000 uF

I 16¥

5= 130001
Figure 34
VsV
3
&0
Y =50 ms
12 «1000ms
ek —
-1
11
W ¢ S 5 - RGO

Short Circuit (AC and DC conditions)

The TDAZ005 can withstand a permanentshort-cir-
cuiton the cutputfor a supply voltage up to 16%.

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 OM condition and the
ground is accidentally opened, a standard audio
amplifierwillbe 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
TDA20051s 18V,

However the device canwithstand a DC voltageup
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 i1s no device damage in the case of
excessive junction temperature - all that
happensis thatPo (and therefore Pit) and Iz 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-

tion versus Ambient Temperature

& -4h&n
Pt 11
(W}
2
28 q.'-‘-‘ A % %
24 > T ?5,
2 h A Y
| N“t‘ - - \‘{a
E i;Df" : NG
b, '” N

12 .
‘ " '\
“ : s A\

1 i .,

, HTTIN
-50 o 50 W00 TambiC)
Figure 37 : Output Power and Drain Current ver-
sus Case Temperature
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Figure 36 : Qutput Power and Drain Current ver-
sus Case Temperature
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Figure 35 : Maximum Allowable Power Dissipa-
tion versus Ambient Temperatura
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Figure 37 : Output Power and Drain Current ver-
sus Case Temperature
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Figure 36 : Output Power and Drain Current ver-
sus Case Temperature
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