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FEATURES
TS4871IST - MiniSO8
5 OPERATING FROM Vcc = 2.5V to 5.5V 5 -
5 1W RAIL TO RAIL OUTPUT POWER @ Standby [ =g vour2
Vee=5V, THD=1%, f=1kHz, with 8Q Load Bypass 0 2 7 g GND
5 ULTRA LOW CONSUMPTION IN STANDBY vin+ g3 6 L9 vee
MODE (10nA) vin- g |4 5 10 vour
5 75dB PSRR @ 217Hz from 5V to 2.6V ’
5 ULTRA LOW POP & CLICK
TS4871ID-TS4871IDT - SO8

5 ULTRA LOW DISTORTION (0.1%)
5 UNITY GAIN STABLE standoy g 12 8 10 voura
5 AVAILABLE IN SO8, MiniSO8 & DFNS8 3x3mm Bypass 0|2 7 g e

ViN+ Q; 3 6 Vce

vin- |4 5 VouTi

S

DESCRIPTION

The TS4871 is an Audio Power Amplifier capable of delivering 1W of continuous RMS Ouput
Power into 8 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 thermal shutdown protection is also
provided.

The TS4871 has been designed for high quality audio applications such as mobile phones and to
minimize the number of external components.

The unity-gain stable amplifier can be configured by external gain setting resistors.
APPLICATIONS

@® Mobile Phones (Cellular / Cordless)

® Laptop / Notebook Computers

® PDAs

® Portable Audio Devices
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TYPICAL APPLICATION SCHEMATIC
———————— Jfo-e
Cfeed |
11—
Rfeed YCE
6 JES
Audi 3
'"L:mlto Rin : g @
‘_I:\, 4 Vin-
. Vout1 | 5
Cin 3 | Vint |,
D D] RL
8 Ohms
Vce
T Vout2 | 8
o | Bypass '
Rstb
l 1 Standbmjas DU
5 TS4871
i Cb i 7
N
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee | Supply voltage " 6 v
Vi Input Voltage 2 Gnp to Vee %
Toper | Operating Free Air Temperature Range -40 to + 85 °C
Tstg Storage Temperature -65 to +150 °C
T; Maximum Junction Temperature 150 °C
Thermal Resistance Junction to Ambient ¥ .
MiniSO8 215
QNF8 70
Pd Power Dissipation Internally Limited®
ESD |Human Body Model 2 kV
ESD |Machine Model 200 V
Latch-up | Latch-up Immunity Class A
Lead Temperature (soldering, 10sec) 260 °C
1. All voltages values are measured with respect to the ground pin.
2. The magnitude of input signal must never exceed Vg + 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.
OPERATING CONDITIONS
Symbol Parameter Value Unit
Vee Supply Voltage 251055 V
Viecm [Common Mode Input Voltage Range Gnp to Ve - 1.2V \Y
Standby Voltage Input :
VsTg Device ON Gnp £ Vst < 0.5V v
Device OFF VCC -0.5vV< VSTB < VCC
RL Load Resistor 4-32 Q
| Thermal Resistance Junction to Ambient ") .
Rirja so8 150 C
MiniSO8 190
DFNg 2 41

This thermal resistance can be reduced with a suitable PCB layout (see Power Derating Curves Fig.
. When mounted on a 4 layers PCB

20)
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ELECTRICAL CHARACTERISTICS
Vee = +5V, GND = 0V, T,,,, = 25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
lec SuppIyNC;uirr:;th signal, no load 6 8 R
IsTanpey Sta"dbﬁﬁﬁgﬁ{' stsi1g)na|, Vstdby = Ve, RL = 8Q | A0 oA
Voo O”“’”tr\%fﬁi?u\t"é'iﬁ?i RL = 8Q 3 20 L
I Max, f = 1kHz, RL = 8Q 1 Lt
THD + N | T W e, Gv = 2. 20Hz < < 20KHz, RL = 802 L #
PERR PowerfS=u gﬁ,ITyHZ?jgzljiZnBF;ftgﬁLed = 22KQ, Vripple = 200mV rms ® a8
Dy PhaseRl\ﬂélrgggya(t_;thitsyO(gsli:n 70 Degrees
I “Fgfrfigg, C, = 500pF 20 dB
GBP Gain gé;l-nf\ggth Product 2 MHz
1. Standby mode is actived when Vstdby is tied to Vcc
2. Dynamic measurements - 20*log(rms(Vout)/rms(Vripple)). Vripple is the surimposed sinus signal to Vec @ f=217Hz
Vee = +3.3V, GND = 0V, T, = 25°C (unless otherwise specified)®
Symbol Parameter Min. Typ. Max. Unit
lec SuppIyN%uirr:;Et signal, no load ) 8 s
IsTanoey Standbﬂoﬁ%ﬁ? ;i;)nal‘ Vstdby = Vee, RL = 8Q | e nA
Y O”tp”tr?ofﬂi?u\{'i!ﬁ?;‘i, RL = 80 2 20 my
Pa | Max, = 1kHz, RL = 8Q S B
THD +N [T H&Tl"gé%ﬂi@m?f i Iége 20Hz < f < 20kHz, RL = 8 B 45 *
ESRR PowerfS: g??Hi?jg‘:lfiTs?;tgﬁ:eed = 22KQ, Vripple = 200mV rms e B
By PhaseRtA:rgg, %tLU=ng¥) é;;-)e'i:in 70 Degrees
om | thaIngng, C, = 500pF 20 dB
GBP Gain iinf\éwgth Product 9 MHz

1. Standby mode is actived when Vstdby is tied to Vee
2. Dynamic measurements - 20*log(rms(Vout)/rms(Vripple)). Vripple is the surimposed sinus signal to Vec @ f = 217Hz
3. All electrical values are made by correlation between 2.6V and 5V measurements
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ELECTRICAL CHARACTERISTICS
Vee = 2.6V, GND = 0V, T.., = 25°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit

Supply Current

kg 55 8 mA

No input signal, no load
1)
| Standby Current 10 1000 nA
SHnner No input signal, Vstdby = Vce, RL = 8Q
Output Offset Voltage
oo No input signal, RL = 8Q S 20 e
Po Output Power 260 mw

THD = 1% Max, f = 1kHz, RL = 8Q

Total Harmonic Distortion + Noise i
[l Po = 200mW rms, Gv = 2, 20Hz < f < 20kHz, RL = 80 015 %

pSRR | Power Supply Rejection Ratio® 25 4B

f=217Hz, RL = 8Q, RFeed = 22KQ, Vripple = 200mV rms

Phase Margin at Unity Gain

o
M R, = 8Q, C,_=500pF 70 Degrees
Gain Margin
eM R, = 80, C = 500pF 20 dB
GBP Gain Bandwidth Product 2 MHz

RL= 8Q2

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

Components Functional Description
Rin Inverting !nput resistor which ;ets the closed Iqop gain in.conjunction with Rfeed. This resistor also
forms a high pass filter with Cin (fc = 1/ (2 x Pi x Rin x Cin))
Cin Input coupling capacitor which blocks the DC voltage at the amplifier input terminal
Rfeed Feed back resistor which sets the closed loop gain in conjunction with Rin
Cs Supply Bypass capacitor which provides power supply filtering
Cb Bypass pin capacitor which provides half supply filtering

Low pass filter capacitor allowing to cut the high frequency

Ceed | jow pass filter cut-off frequency 1/ (2 x Pi x Rfeed x Cfeed))

Rstb Pull-up resistor which fixes the right supply level on the standby pin

Gv 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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APPLICATION INFORMATION
Fig. 81 : Demoboard Schematic
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Fig. 82 : SO8 & MiniSO8 Demoboard Components Side

_°
E

’”ﬂ

w°'

e
oo { W

cm-
I II ]ndicmor

O

—53

S?

4

Dos. Input

WWW.SZTDBDT.COM




TSR

Tudi Semiconductor

Fig. 83 : SO8 & MiniSO8 Demoboard Top
Solder Layer

Fig. 84 : SO8 & MiniSO8 Demoboard Bottom Solder
Layer

O ang, O
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H BTL Configuration Principle

The TS4871 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)

The output power is:

(2 Vout s )
Ry

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.

H Gain In Typical Application Schematic
(see page 1)

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

Rfeed
Rin

Vout1 = -Vin )

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

The differential output voltage is:

Rfeed

Vout2 — Vout1 = 2Vin -
Rin

V)

The differential gain named gain (Gv) for more
convenient usage is:
Rfeed

il Vout2 — Vout1 =9

o vin Rin

Remark : Vout2 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.

B Low and high frequency response

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

B 1
oL e,

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

FCH = 5 -Tised Cles

5 (H2)

WWW.SZTDBDT.COM
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H Power dissipation and efficiency

Hypothesis :

* Voltage and current in the load are sinusoidal
(Vout and lout)
* Supply voltage is a pure DC source (Vcc)

Regarding the load we have:

VouT = Vpgak sinot (V)

and
_Vourt
louT = =T (A)
and
VPEAK?

Pout = - T (W)

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

_ 2VPEAK

lcc AVG =Ty (A)

The power delivered by the supply voltage is
Psupply = Vcc lccpyg (W)

Then, the power dissipated by the amplifier is
Pdiss = Psupply - Pout (W)

2 AH2VCC'\/P—

Pdiss = out —-Pout (W)

nJRL

and the maximum value is obtained when:

dPdiss

oPouT ~

and its value is:

2Vec?
>— (W)

TCRL

Pdissmax =

Remark : This maximum value is only depending
on power supply voltage and load values.

The efficiency is the ratio between the output
power and the power supply

Pour =TCVPEAK
Psupply 4Vcc

1‘1:

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

% = 78.5%

H Decoupling of the circuit

Two capacitors are needed to bypass properly the
TS4871, a power supply bypass capacitor Cs and
a bias voltage bypass capacitor Cb.

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

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

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

To the contrary, if Cs is higher than 100pF, 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 1pyF, THD+N increase in lower
frequency (see THD+N vs frequency curves) and
the PSRR worsens up

If Cb is higher than 1pF, the benefit on THD+N in
lower frequency is small but the benefit on PSRR
is substantial (see PSRR vs. Cb curve : fig.12).

Note that Cin has a non-negligible effect on PSRR
in lower frequency. Lower is its value, higher is the
PSRR (see fig. 13).

M Pop and Click performance

Pop and 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

WWW.SZTDBDT.COM
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the internal generator resistance 50kC.

Then, the charge time constant for Cb is

th = 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)

Thus we have the relation
tin << 1h (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 :

* 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 supply
resistor. So, to reach 5V you need about five to ten
times the charging time constant of Cs (ts =
0.1xCs (s)).

Then, this time equal 50us to 100us << 1b in the
maijority of application.

At power OFF of the supply, Cs is discharged by a
constant current Icc. The discharge time from 5V
to OV of Cs is:

tDischCs = SCs 83 ms
lcc
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
TOpisch = 3XCbx100k€2 (s).
In the majority of application, Cb=1puF, then
Ppisch=300mMs >> t4isches-

B Power amplifier design examples

Given :

* Load impedance : 8Q

* Quiput 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 0.5V into 8€2. 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 dissipation
equation
2
Pdissmax:z\;cc (W)
ERL

with 3.5V we have Pdissmax=0.31W.

Refer to power derating curves (fig. 20), with
0.31W the maximum ambient temperature will be
100°C. This last value could be higher if you follow
the example layout shown on the demoboard
(better dissipation).

The gain of the amplifier in flat region will be:

Gy= VOouTPP _ 2.J2RL Pourt - 565

VINPP VINPP

We have Rin > 10k 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:

So, we could use for Cin a 1uyF capacitor value

WWW.SZTDBDT.COM
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I
1 Application n°1 : 20Hz to 20kHz bandwidth and
CIN= ————— =795nF i ifi
27 RinFoL 6dB gain BTL power amplifier.
which gives 16Hz. Components :
In Higher frequency we want 20kHz (-3dB cut off Designator Part Type
frequency). The Gain Bandwidth Product of the
TS4871 is 2MHz typical and doesn't change when R1 22k /0.125W
the amplifier delivers power into the load. R4 22k 1 0.125W
The first amplifier has a gain of: '
Rfeed g R6 Short Cicuit
Rin R7 330k / 0.125W
and the theoretical value of the -3dB cut-off higher R8* (Vee-VE_led)/If_led
frequency is 2MHz/3 = 660kHz. c5 470nF
We can keep this value or limit the bandwidth by
adding a capacitor Cfeed, in parallel on Rfeed. c6 100pF
Then: c7 100nF
1 e
= = C9 Short Circuit
CFEED O BEEEEFER 265pF ort Circui
C10 Short Circuit
So, we could use for Cfeed a 220pF capacitor
' 1pF

value that gives 24kHz.

2mm insulated Plug

Now, we can calculate the value of Cb with the S1, 82,56, 57 10.16mm pitch
formula tb = 50kQxCb >> 1in = (Rin+Rfeed)xCin
which permits to reduce the pop and click effects. s8 3igﬁ connector 2.54mm
Then Cb >> 0.8uF. P
We can choose for Cb a normalized value of 2.2uF P1 PCB Phono Jack

: ; i
that gives good results in THD+N and PSRR. = T S
In the following tables, you could find three U1 TS48711D or TS48711S
another examples with values required for the
demoboard.

Application n°2 : 20Hz to 20kHz bandwidth and
Remark : components with (*) marking are 20dB gain BTL power amplifier.

optional.
Components :
Designator Part Type

R1 110k / 0.125W

R4 22k /0.125W

R6 Short Cicuit

R7 330k / 0.125W
R8* (Vee-Vi_led)/If_led
C5 470nF

Cc6 100pF

c7 100nF

WWW.SZTDBDT.COM
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H Note on how to use the PSRR curves
(page 7)

We have finished a design and we have chosen
the components values :

« Rin=Rfeed=22kQ
- Cin=100nF
- Cb=1pF

Now, on fig. 13, we can see the PSRR (input
grounded) vs frequency curves. At 217Hz we have
a PSRR value of -36dB.

In reality we want a value about -70dB. So, we
need a gain of 34dB !

Now, on fig. 12 we can see the effect of Cb on the
PSRR (input grounded) vs. frequency. With
Cb=100uF, we can reach the -70dB value.

The process to obtain the final curve (Cb=100pF,
Cin=100nF, Rin=Rfeed=22kQ) is a simple transfer
point by point on each frequency of the curve on
fig. 13 to the curve on fig. 12. The measurement
result is shown on the next figure.

Fig. 85 : PSRR changes with Cb

30 . Vee =5, 3.3 & 2.6V
N Rfeed = 22k, Rin = 22k
Cin=100nF $9 =b' ‘3";2“2'- =16
-40 | Cb=1uF am =
o 7
o
z -50 ; /|
E L L
Cin=100nF
40 Cb=100uF
-70 Hr——r1H
10 100 1000 10000 100000

Frequency (Hz)

Fig. 86 : PSRR measurement schematic

[}
Rfeed

Voutt

e Vripple 8
o
Vee =
4 Vin
N = <)

Rg
100 Ohms 1

v

TS4871

Cbh =

Il

M Principle of operation

* We fixed the DC voltage supply (Vcc), the AC
sinusoidal ripple voltage (Vripple) and no supply
capacitor Cs is used

The PSRR value for each frequency is:

PSRR(dB) = 20xLog10[ Rms(Vripple) 1
Rms(Vs+ -Vs.)

Remark : The measure of the Rms voltage is not a
Rms selective measure but a full range (2 Hz to
125 kHz) Rms measure. |t means that we
measure the effective Rms signal + the noise.

BHigh/low cut-off frequencies

For their calculation, please check this "Frequency
Response Gain vs Cin, & Cfeed" graph:

10

What is the PSRR ? ° » =T N
0 ] /i Cfeed = 330pF i
The PSRR is the Power Supply Rejection Ratio. g s g;;;‘d=5;0pF! N
It's a kind of SVR in a determined frequency range. £ e Iéf L]
The PSRR of a device, is the ratio between a S -10 8 1 ke el
: /\ ]
power supply disturbance and the result on the 15 | Cin = 220F |
output. We can say that the PSRR is the ability of [
a device to minimize the impact of power supply o | e S2nF | ?;’;ﬁﬁg:f; 28
disturbances to the output. -25 [T
10 100 1000 10000
Frequency (Hz)
How do we measure the PSRR ?
WWW.SZTDBDT.COM
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Order information

Marking
N Pack Pack i
Order Number ackage ackage Quantity On The park
TS4871IDT-TUDI SOP8 Tape,Reel,2500 TS4871IDT
TS4871IST-TUDI MSOP8 Tape,Reel,2500 TS4871IST
WWW.SZTDBDT.COM

13

16




Package SOP8

ARUNA=

Tudi Semiconductor

1
]
i
)
|
! Dimensions Dimensions
~ A ___ | IS AP In Millimeters In Inches
w | w E' Symbol
{9— ! Min Max Min Max
)
}
, — : A 1.350 1.750 0.053 | 0.069
]
)
) H H H:l H:l A1 0.100 0.250 0.004 0.010
e
‘ A2 1.350 1.550 0.053 0.061
c B 0.330 0.510 0.013 0.020
_v
_r C 0.190 0.250 0.007 0.010
_ -
D 4780 5.000 0.188 0.197
E 3.800 4.000 0.150 0.157
) E1 5.800 6.300 0.228 0.248
. e 1.270TYP 0.050TYP
e B
; ‘ L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
B—> lt— z
= ——— == --—*—
ry 7
< <
Lo\ |
WWW.SZTDBDT.COM
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E1
E

I
I
]
]
]
H
' Dimensions Dimensions
H In Millimeters In Inches
' Symbol
H H' kj kj Min Max Min Max
]
— e A 0.800 1.200 0.031 0.047
C Al 0.000 0.200 0.000 0.008
A2 0.760 0.970 0.030 0.038
i —
b 0.30 TYP 0.012 TYP
C 0.15 TYP 0.006 TYP
D 2.900 3.100 0.114 0.122
0
A2 e 0.65 TYP 0.026 TYP
A
E 2.900 3.100 0.114 0.122
-— E1 4.700 5.100 0.185 0.201
<
S — e — *
L [T T J [} L 0.410 0.650 0.016 0.026
\ 0 02 6° 0° 6°
D
WWW.SZTDBDT.COM
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.
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