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®

TS4972

1.2W Audio Power Amplifier with Standby Mode Active High

Operating from V. = 2.5V to 5.5V
Rail-to-rail output

1.2W output power @ Vcc=5V, THD=1%,
F=1kHz, with 8 load

Ultra low consumption in standby mode
(10nA)

75dB PSRR @ 217Hz from 2.5 to 5V
Low pop & click

Ultra low distortion (0.05%)

Unity gain stable

Flip-chip package 8 x 300um bumps

Description

The TS4972 is an Audio Power Amplifier capable
of delivering 1.6W of continuous RMS ouput
power into a 4Q load @ 5V.

This Audio Amplifier is exhibiting 0.1% distortion
level (THD) from a 5V supply for a Pout = 250mW
RMS. An external standby mode control reduces
the supply current to less than 10nA. An internal
shutdown protection is provided.

The TS4972 has been designed for high ~uclity
audio applications such as mobile phoni:s ani to
minimize the number of external ccmr.onunts.

The unity-gain stable amplifie’ can be configured
by external gain setting resictc=

Applications

H Mobi'e nheie s (cellular / cordless)
H POA:

H L~ptoy/notebook computers

H Portable audio devices

Pin Connections (top view)
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TSA972ET! 40, +85°C ip-Chip ape & Ree
1) Lead free Flip-Chip part number
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TS4972 Absolute Maximum Ratings

1 Absolute Maximum Ratings
Table 1: Key parameters and their absolute maximum ratings

Symbol Parameter Value Unit
VCC | Supply voltage ' 6 v
Vi |Input Voltage 2 Gnp 10 Ve Vv
Toper | Operating Free Air Temperature Range -40 to + 85 °C
Tstg | Storage Temperature -65 to +150 °C
T Maximum Junction Temperature 150 °C
Rihja | Thermal Resistance Junction to Ambient 3 200 °C/W
Pd | Power Dissipation Internally Limited*
ESD |Human Body Model 2 kV
ESD | Machine Model 200 \
Latch-up | Latch-up Immunity Class A J
Lead Temperature (soldering, 10sec) 250 °C

1) All voltages values are measured with respect to the ground pin.

n

) The magnitude of input signal must never exceed V¢ + 0.3V/ Gyp - 0.3V
3) Device is protected in case of over temperature by a thermal shutdown active @ 150°C.
4) Exceeding the power derating curves during a long period, involves abnormal operating condition.

Table 2: Operating Conditions

Symbol Parameter Value Unit
VCC | Supply Voltage N\ 251055 \
Vicm | Common Mode Input Voltage Range Gnp to Vg - 1.2V \Y,

Standby Voltage Input :
VSTB Device ON GND < VSTB <0.5vV \Y
Device OFF VCC -0.5V< VSTB < VCC
RL  |Load Resistor (\Y 4-32 Q
Rthia | Thermal Resistance Junction 0 Ar b snt i 90 °C/W

1) With Heat Sink Surface = 125mm?
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Electrical Characteristics

TS4972

2 Electrical Characteristics

Table 3: Ve = +5V, GND = 0V, T,,,p = 25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Supply Current
lec No input signal, no load 6 8 mA
1
| Standby Current 1 1000 A
STANDBY No input signal, Vstdby = Vce, RL = 8Q 0 n
Output Offset Voltage
Voo No input signal, RL = 8Q 5 20 mv
Output Power
Po THD = 1% Max, f = 1kHz, RL = 8Q 12 w
Total Harmonic Distortion + Noise o
THD +N Po = 250mW rms, Gv = 2, 20Hz < f < 20kHz, RL = 8Q 01 o J
psrr | Power Supply Rejection Ratio? 75 AR
f=217Hz, RL = 8Q, RFeed = 22KQ, Vripple = 200mV rms :
. . . [ & |
Phase Margin at Unity Gain
Dy R, =8Q, C| = 500pF 70 | Degrees
Gain Margin - \J
GM R, = 8Q, C, = 500pF N dB
- - N\
Gain Bandwidth Product
GBP R, =8Q 2 MHz
1) Standby mode is actived when Vstdby is tied to Vcc
2) Dynamic measurements - 20*log(rms(Vout)/rms(Vripple)). Vripple is an add'ea 2l signal to Vec @ f = 217Hz
3/30
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TS4972

Electrical Characteristics

Table 4: Vg = +3.3V, GND = 0V, T,mp, = 25°C (unless otherwise specified)®)

Symbol Parameter Min. Typ. Max. Unit
lec Supp’\I‘)gCilr:glr;ter;tignaL no load 5 i mA
Isranosy Stan?v%yir?;l:tri?;;al, Vstdby = Vce, RL = 8Q 10| 1000 "
Voo OutpﬁtO ?r:fsl:att s\i/sc;:zﬁem _sa 5 20 mV
Po Omp%t-lgolv % Max, f = 1kHz, RL = 8Q 500 mw
THD +N TOtalpllain;%gifn\Ifjviitrcr)lgfongr:Nzo,iZ%Hz < f < 20kHz, RL = 8Q 0.1 %
PSRR P°W$;S_2“1”7’°.Lyz,Réjﬁii‘s’?féﬁ‘e’zed = 22KQ, Vripple = 200mV rms 7 ®
oy PhassLl\:aé%i? gsggg{) F(’.%Fain 70 ; e 4r£
GM Gainﬂl\firgsi?z, CL = 500pF 20 N o8
GBP GainRBLa:gvgvlidth Product ; MHz

1) Standby mode is actived when Vstdby is tied to Vcc

2) Dynamic measurements - 20*log(rms(Vout)/rms(Vripple)). Vripple is an added sinus signal to Vcc @ f = 217Hz

3. All electrical values are made by correlation between 2.6V and 5V measurenei.:c
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Electrical Characteristics TS4972

Table 5: V¢ = 2.6V, GND = 0V, T,,,, = 25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
lee Suppl\ll)gci:r?p::;ter;tignal, no load 5 ’ mA
Isranosy Stan?v%yir?;l:tri?;;al, Vstdby = Ve, RL = 8Q 10| 1000 "
Voo OutpﬁtO ?r:fsl:att s\i/sc;:zﬁem _sa 5 20 mV
Po Omp%t-lgolv % Max, f = 1kHz, RL = 8Q 300 mw
THD +N TOtalpllain;%gifn\Ifjviitrcr)lgfongr:Nzo,iSz%Hz <f < 20kHz, RL = 8Q 0.1 %
PSRR P°W$;S_2“1"7’°.Lyz,ReijT‘g’HqSEZZd = 22KQ, Vripple = 200mV rms & *
o | e U can m | e
GM Gainﬂl\firgsi?z, CL = 500pF 20 NS dBi
cBp GainRBLa:gvgvlidth Product \ye )y MHz

1) Standby mode is actived when Vstdby is tied to Vcc
2) Dynamic measurements - 20*log(rms(Vout)/rms(Vripple)). Vripple is an added sinu= signal to Vcc @ f = 217Hz

Table 6: Components description

Components Funct onzl Cescription
Rin Inverting input resistor which sets thr, Gosad loop gain in conjunction with Rfeed. This resistor also
forms a high pass filter with Tin fc-: 1 /(2 x Pi x Rin x Cin))
Cin Input coupling capacite” wi ‘¢ bluzhs the DC voltage at the amplifier input terminal
Rfeed Feed back resistor which. sets the closed loop gain in conjunction with Rin
Cs Supply Bypas: ce ~.ac tor which provides power supply filtering
Cb Bypass ir ;a[:;cutor which provides half supply filtering
Cfeed Low oas ; Liter capacitor allowing to cut the high frequency
wow pass filter cut-off frequency 1/ (2 x Pi x Rfeed x Cfeed))
Rstb T ;uil—up resistor which fixes the right supply level on the standby pin
av ‘Closed loop gain in BTL configuration = 2 x (Rfeed / Rin)
Remarks:

1. All measurements, except PSRR measurements, are made with a supply bypass capacitor Cs =
100pF.

2. External resistors are not needed for having better stability when supply @ Vcc down to 3V. By the
way, the quiescent current remains the same.

3. The standby response time is about 1ps.
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TS4972 Electrical Characteristics

Figure 1: Open Loop Frequency Response Figure 4: Open Loop Frequency Response
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Electrical Characteristics

TS4972

Figure 7: Open Loop Frequency Response

Figure 10: Power Supply Rejection Ratio
(PSRR) vs Power supply

100 80
[
R
80 n 4-100
| Phase
60 A 4-120
|1 | Gain
Gaol -+ L LA 4408
2 a
£ 1-160 g
820 P g
—] o
o U ERE
Vee =5V
20 || CL = 560pF N\ ]2
Tamb = 25°C 220
-40
03 1 10 100 1000 10000

Frequency (kHz)

-30

Vripple = 200mVrms
Rfeed = 22Q

Input = floating

RL = 8Q

Tamb =25°C

[ T
Voo = 5V, 3.3V & 2.6V |
Cb = 1uF & 0.1uF

-40

@
S

PSRR (dB)

I

-70

-80

10 100 1000 10000 100000

Frequency (Hz)

Figure 8: Open Loop Frequency Response

Figure 11: Power Supply Rejection Ratio
(PSRR) vs Bypass Capacitor
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Figure 12: Power Supply Rejection Ratio
(PSRR) vs Feedback Resistor
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TS4972

Electrical Characteristics

Figure 13: Power Supply Rejection Ratio
(PSRR) vs Feedback Capacitor

Figure 16: Power Dissipation vs Pout
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Electrical Characteristics

TS4972

Figure 19: Power Dissipation vs Pout

Figure 22: THD + N vs Output Power
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Electrical Characteristics

Figure 25: THD + N vs Output Power

Figure 28: THD + N vs Output Power
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Figure 29: THD + N vs Output Power
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Figure 31: THD + N vs Output Power

Figure 34: THD + N vs Output Power
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Figure 35: THD + N vs Output Power
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Figure 37: THD + N vs Output Power Figure 40: THD + N vs Output Power
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Figure 43: THD + N vs Output Power

Figure 46: THD + N vs Frequency
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Figure 47: THD + N vs Frequency
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Figure 49: THD + N vs Frequency

Figure 52: THD + N vs Frequency
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Figure 55: THD + N vs Frequency Figure 58: THD + N vs Frequency
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Figure 61: THD + N vs Frequency

Figure 64: THD + N vs Frequency
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Figure 65: THD + N vs Frequency
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Figure 67: THD + N vs Frequency

Figure 70: Signal to Noise Ratio vs Power

Supply with Weighted Filter Type A
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Figure 71: Frequency Response Gain vs Tin,
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Figure 73: Signal to Noise Ratio vs Power
Supply with Weighted Filter Type A

Figure 76: Current Consumption vs Standby
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Figure 77: Clipping Voltage vs Power Surly
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Figure 79: Clipping Voltage vs Power Supply
Voltage and Load Resistor
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3 Application Information
Figure 80: Demoboard Schematic
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Figure 82: Flip-Chip 300pm Demoboard Top
Solder Layer

Figure 83: Flip-Chip 300pm Demoboard
Bottom Solder Layer
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H FrL L‘o“\figuratlon Principle

The TC4C72 is a monolithic power amplifier with a
BTL output type. BTL (Bridge Tied Load)
means that each end of the load is connected
to two single ended output amplifiers. Thus, we
have :

Single ended output 1 = Vout1 = Vout (V)
Single ended output 2 = Vout2 = -Vout (V)

And Vout1 - Vout2 = 2Vout (V)

(574

The output power is:

_ (2 Vout RMS )2
Re

Pout (W)

For the same power supply voltage, the output
power in BTL configuration is four times higher
than the output power in single ended
configuration.

B Gain In Typical Application Schematic
(cf. page 1)

In flat region (no effect of Cin), the output voltage
of the first stage is:

Rfeed

Voutl = —Vin Rin V)

For the second stage : Vout2 = -Vout1 (V)

The differential output voltage is:

Vout2 - Vout1 = 2Vin Bf}t—“ (V)

The differential gain nz ned gain (Gv) for more
convenient usaje is:

Gy = Vout2 — Vout1 _2 Rfeed

Vin Rin

Romark - Y/out2 is in phase with Vin and Vout1 is
180 phased with Vin. It means that the positive
terminal of the loudspeaker should be
connected to Vout2 and the negative to Vout1.

H Low and high frequency response

In low frequency region, the effect of Cin starts.
Cin with Rin forms a high pass filter with a -3dB
cut off frequency.

1
Fet= s Rmnon (H?

In high frequency region, you can limit the
bandwidth by adding a capacitor (Cfeed) in
parallel on Rfeed. Its form a low pass filter with
a -3dB cut off frequency.

1
FeH = 5r Rfeed Cleea 2

B Power dissipation and efficiency
Hypothesis :

e * Voltage and current in the load are
sinusoidal (Vout and lout)
» Supply voltage is a pure DC source (Vcc)
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Regarding the load we have:

VouT = Vpgak sinot (V)

and
Vout
louT = AL (A)
and
VPEAK?
PouT = W (W)

Then, the average current delivered by the supply
voltage is:

VPEAK
1CC pyg = ZW (A)
The power delivered by the supply voltage is
Psupply = Vcc Iccayg (W)
Then, the power dissipated by the amplifier is
Pdiss = Psupply - Pout (W)

2J2Vcc
Pdiss = —=———=4/PouT —PouTt (W)
nJRL

and the maximum value is obtained when:

JdPdiss
JdPouT

and its value is:

2Vee?

Pdiss max = 5
n°R_

(W)

Remark : This maximum value is on.y depending
on power supply voltage ar.1.7ac values.

The efficiency is the .ty between the output
power and the pover supply

__Poutr _ mVPEAK
~ Psupply = 4Vcc

The maximum theoretical value is reached when
Vpeak = Vcc, so

% = 78.5%

B Decoupling of the circuit

Two capacitors are needed to bypass properly the
TS4972, a power supply bypass capacitor Cs and
a bias voltage bypass capacitor Cb.

22/30

Cs has especially an influence on the THD+N in
high frequency (above 7kHz) and indirectly on the
power supply disturbances.

With 100uF, you can expect similar THD+N
performances like shown in the datasheet.

If Cs is lower than 100uF, in high frequency
increases, THD+N and disturbances on the power
supply rail are less filtered.

To the contrary, if Cs is higher than 100uF, those
disturbances on the power supply rail are more
filtered.

Cb has an influence on THD+N in lower
frequency, but its function is critical on the final
result of PSRR with input grounded in lower
frequency.

If Cb is lower than 1uF, THD+N increase ir 1. wver
frequency (see THD+N vs frequency crirvey) und
the PSRR worsens up

If Cb is higher than 1pF, the beien* cn THD+N in
lower frequency is small but thz Lenefit on PSRR
is substantial (see PCRt vs Co curve : fig.12).

Note that Cin has a nor negligible effect on PSRR
in lower frequercy. Lower is its value, higher is the
PSRR (see fig. 13).

B }op 2.d Click performance

Pon anu Click performance is intimately linked
with the size of the input capacitor Cin and the
bias voltage bypass capacitor Cb.

Size of Cin is due to the lower cut-off frequency
and PSRR value requested. Size of Cb is due to
THD+N and PSRR requested always in lower
frequency.

Moreover, Cb determines the speed that the
amplifier turns ON. The slower the speed is, the
softer the turn ON noise is.

The charge time of Cb is directly proportional to
the internal generator resistance 50kQ.

Then, the charge time constant for Cb is

b = 50kQxCb (s)

As Cb is directly connected to the non-inverting
input (pin 2 & 3) and if we want to minimize, in
amplitude and duration, the output spike on Vout1
(pin 5), Cin must be charged faster than Cb. The
charge time constant of Cin is

tin = (Rin+Rfeed)xCin (s)
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Thus we have the relation
tin << tb (s)

The respect of this relation permits to minimize
the pop and click noise.

Remark : Minimize Cin and Cb has a benefit on
pop and click phenomena but also on cost and
size of the application.

Example : your target for the -3dB cut off
frequency is 100 Hz. With Rin=Rfeed=22 kQ,
Cin=72nF (in fact 82nF or 100nF).

With Cb=1pF, if you choose the one of the latest
two values of Cin, the pop and click phenomena at
power supply ON or standby function ON/OFF will
be very small

50 kQx1uF >> 44kQx100nF (50ms >> 4.4ms).
Increasing Cin value increases the pop and click
phenomena to an unpleasant sound at power
supply ON and standby function ON/OFF.

Why Cs is not important in pop and click
consideration ?

Hypothesis :
e +Cs =100pF
* Supply voltage = 5V
* Supply voltage internal resistor = 0.1Q
* Supply current of the amplifier Icc = 6mA

At power ON of the supply, the supply capacitor is
charged through the internal power surpiy
resistor. So, to reach 5V you need about tivs ‘o
ten times the charging time const=it 2 Cs {(s =
0.1xCs (s)).

Then, this time equal 50ps tc 1"0us << tb in the
majority of application.

At power OFF of the sunp!y, Cs is discharged by a
constant currert Ic=. ~'he discharge time from 5V
to OV of Cs is:

tDischCs = 5Cs _ 83 ms
Icc

Now, we must consider the discharge time of Cb.
At power OFF or standby ON, Cb is discharged by
a 100kQ resistor. So the discharge time is about
bpjisch = 3XCbx100kQ (s).

In the majority of application, Cb=1uF, then
Wpisch~300MSs >> tyisoncs-

Power amplifier design examples

(574

Given :

¢ * Load impedance : 8Q
* Output power @ 1% THD+N : 0.5W
* Input impedance : 10kQ min.
* Input voltage peak to peak : 1Vpp
» Bandwidth frequency : 20Hz to 20kHz (0, -
3dB)
+ Ambient temperature max = 50°C
» SO8 package

First of all, we must calculate the minimum power
supply voltage to obtain 0.5W into 8Q. With
curves in fig. 15, we can read 3.5V. Thus, the
power supply voltage value min. will be 3.5V.

Following the maximum power dissipatio”
equation
2
Pdiss max = 220 (W)
R

with 3.5V we have Pdissmax=0.31\V/.

Refer to power deratiyy curves (fig. 20), with
0.31W the maximt m arL’cnt temperature will be
100°C. This last vaice ~ould be higher if you follow
the example layout shown on the demoboard
(better ~issipation).

Tk 2 gain of the amplifier in flat region will be:

Gv = VouTpp _ 2J2RL PouTt ~565

~ VINPP VINPP

We have Rin > 10kQ. Let's take Rin = 10kQ, then
Rfeed = 28.25kQ. We could use for Rfeed = 30kQ
in normalized value and the gain will be Gv = 6.

In lower frequency we want 20 Hz (-3dB cut off
frequency). Then:

1

CNe ——
N = X RinFoL

= 795nF

So, we could use for Cin a 1uF capacitor value
which gives 16Hz.

In Higher frequency we want 20kHz (-3dB cut off
frequency). The Gain Bandwidth Product of the
TS4972 is 2MHz typical and doesn't change when
the amplifier delivers power into the load.

The first amplifier has a gain of:

Rfeed _
Rin ~
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and the theoretical value of the -3dB cut-off higher
frequency is 2MHz/3 = 660kHz.

Application n°2 : 20Hz to 20kHz bandwidth
and 20dB gain BTL power amplifier

We can keep this value or limit the bandwidth by Components:
adding a capacitor Cfeed, in parallel on Rfeed.
Then: Designator Part Type
en:
R1 110k / 0.125W
CFEED = #EDFCH = 265pF 0k/0.125
T R4 22k / 0.125W
So, we coqld use for Cfeed a 220pF capacitor R6 Short Cicuit
value that gives 24kHz.
) R7 100k / 0.125W
Now, we can calculate the value of Cb with the
formula tb = 50kQxCb >> 1in = (Rin+Rfeed)xCin R8 Short Cicuit
which permits to reduce the pop and click effects. cs 470nF
Then Cb >> 0.8uF.
We can choose for Cb a normalized value of Cé 100uF
2.2uF that gives good results in THD+N and c7 100nF
PSRR. S |
. ) C9 Short Circuit
In the following tables, you could find three We A
another examples with values required for the C10 Short Ciroun®
demoboard. Ci2 -
Application n°1 : 20Hz to 20kHz bandwidth R, V &

: e S1, 82, S6, S7 2 m insulated Plug
and 6dB gain BTL power amplifier 10.16mm pitch
Components:

S8 3 pts connector 2.54mm
Designator Part Type pitch
R1 22k / 0.125W X\ SMB Plug
R4 22k /0.125W Arplication n°3 : 50Hz to 10kHz bandwidth
=\ and 10dB gain BTL power amplifier
R6 Short Cicuit
{ \ Components:
R7 100k / 0.170W
Designator Part Type
R8 Short Circuit
-—— R1 33k /0.125W
C5 4/0n/"
"\ R2 Short Circuit
(o3 1 150pF
Y R4 22k / 0.125W
c7 100nF
N R6 Short Cicuit
C9 Short Circuit
7 R7 100k / 0.125W
C10 Short Circuit
R8 Short Cicuit
c12 1uF
c2 470pF
S1, 82, S6, S7 2mm insulated Plug
10.16mm pitch C5 150nF
S8 3 pts connector 2.54mm C6 100pF
pitch
c7 100nF
P1 SMB Plug
C9 Short Circuit
24/30 Ky[
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For Vcc=5V, a 20Hz to 20kHz bandwidth and
20dB gain BTL power amplifier you could follow
the bill of material below.

Designator Part Type

C10 Short Circuit

c12 1uF

S1, S2, S6, S7 2mm insulated Plug
10.16mm pitch

S8 3 pts connector 2.54mm
pitch

P1 SMB Plug

Application n°4 : Differential inputs BTL power
amplifier

In this configuration, we need to place these
components : R1, R4, R5, R6, R7, C4, C5, C12.

We have also : R4 = R5, R1 = R6, C4 = C5.

The differential gain of the amplifier is:

R1
GVDIFF =2 R4
Note : Due to the VICM range (see Operating
Condition), GVDIFF must have a minimum value
shown in figure 84.

Figure 84: Minimum Differential Gain vs
Power Supply Voltage
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Components:
Designator Part Type

R1 110k / 0.125W

R4 22k /0.125W

R5 22k /0.125W

R6 110k / 0.125W

R7 100k / 0.125W

R8 Short circuit l
c4 470nF

C5 470nF ) |
c6 100pF ]
c7 10rnF

co Short Gircuit

C10 Short Circuit

c12 1uF

St ©2,56 S 2mm insulated Plug
‘ 10.16mm pitch
\:5 3 pts connector 2.54mm

pitch
P1, P2 SMB Plug
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