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TS488-TS489

Pop-free 120mW stereo headphone amplifier

Features
m Pop and click noise protection circuitry
m Operating range from V¢ = 2.2V to 5.5V
m Standby mode active low (TS488) or high (TS489)
m Output power:
- 120mW @5V, into 16Q with 0.1% THD+N
max (1kHz)
- 55mwW @3.3V, into 16Qwith 0.1% THD+N
max (1kHz)

m Low current consumption: 2.7mA max @5V

m Ultra low standby current consumption: 10nA
typical

m High signal-to-noise ratio
m High crosstalk immunity: 102dB (F = 1kHz)

m PSRR: 70dB typ. (F = 1kHz), inputs grounded
@5V

m Unity-gain stable
Short-circuit protection circuitry

m Available in lead-free MiniSO-8 & DFN8
2mm X 2mm

Description

The TS488/9 is an enhancement of TS486/7 that
eliminates pop and click noise and reduces the
number of external passive components.

The TS488/9 is a dual audio power amplifier
capable of driving, in single-ended mode, either a
16Qor a 32Q stereo headset.

Capable of descending to low voltages, it delivers
up to 31mW per channel (into 16Q loads) of
continuous average power with 0.1% THD+N in
the audio bandwidth from a 2.5V power supply.

An externally-controlled standby mode reduces
the supply current to 10nA (typ.). The unity gain
stable TS488/9 is configured by external gain-
setting resistors.
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Applications

m Headphone amplifier
m Mobile phone, PDA, computer motherboard
m High-end TV, portable audio player
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TS488-TS489

Typical application

schematic

1

Typical application schematic

Figure 1. Typical application for the TS488-TS489
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Table 1. Application component information
Component Functional description
R Inverting input resistor that sets the closed loop gain in conjunction with Reeg-
in1,2 This resistor also forms a high pass filter with C;, (F. =1/ (2 x Pi X Rj X Cj)).
Cin1,2 Input coupling capacitor that blocks the DC voltage at the amplifier's input terminal.
R Feedback resistor that sets the closed loop gain in conjunction with R;,.
feed1,2 Ay= Closed Loop Gain= -Reeg/Rin-
Cs Supply output capacitor that provides power supply filtering.
Cp Bypass capacitor that provides half supply filtering.
C Output coupling capacitor that blocks the DC voltage at the load input terminal.
outl,2 This capacitor also forms a high pass with R (F; =1/ (2 x Pi x R X Cy1)-
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Absolute maximum ratings and operating conditions TS488-TS489

2 Absolute maximum ratings and operating conditions
Table 2. Absolute maximum ratings
Symbol Parameter Value Unit
Vee Supply voltage (V) 6 \Y
Vv Input voltage -0.3Vto Ve +0.3V \Y,
Tstg Storage temperature -65 to +150 °C
T Maximum junction temperature 150 °C
Thermal resistance junction to ambient
Rthja MiniSO-8 215 °C/W
DFN8 70
Power dissipation(®):
Pdiss MiniSO-8 0.58 w
DFN8 1.79
ESD Human body model (pin to pin) 2 kv

Machine model
ESD 220pF - 240pF (pin to pin) 200 v

Latch-up | Latch-up immunity (all pins) 200 mA
Lead temperature (soldering, 10sec) 250 °C
Output short-circuit to Ve or GND continuous )

1. Allvoltage values are measured with respect to the ground pin.
Paiss is calculated with Ty, = 25°C, Tj = 150°C.

Attention must be paid to continuous power dissipation (Vpp X 250mA). Short-circuits can cause excessive
heating and destructive dissipation. Exposing the IC to a short-circuit for an extended period of time will
dramatically reduce the product’s life expectancy.

Table 3. Operating conditions

Symbol Parameter Value Unit
Vee Supply voltage 2.2t05.5 \%
R. Load resistor > 16 Q
Toper Operating free air temperature range -40to + 85 °C
Load capacitor:
C. R, =16 to 100Q2 400 pF
R > 100Q 100
Standby voltage input:
VsTRY TS488 active, TS489 in standby 1.5<V <Vee \Y
TS488 in standby, TS489 active GND <Vgrgy <0.4 @)
Thermal resistance junction to ambient
Rthja MiniSO-8 190 °CIW
DFNg® 40

1. The minimum current consumption (Istgy) is guaranteed at GND (TS488) or V¢ (TS489) for the whole
temperature range.

2. When mounted on a 4-layer PCB.
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Electrical characteristics

3 Electrical characteristics
Table 4. Electrical characteristics at V¢ = +5V
with GND = 0V, Ty = 25°C (unless otherwise specified)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
lcc Supply current No input signal, no load 2 2.7 mA
No input signal, Vstgy = GND for TS488, 10 11000
R =32Q
Istgy | Standby current - - nA
No input signal, Vgrgy = V¢ for TS489, 10 | 1000
R =32Q
THD+N = 0.1% max, F = 1kHz, R| = 32Q 75
THD+N = 1% max, F = 1kHz, R = 32Q 70 80
Pout Output power mw
THD+N = 0.1% max, F = 1kHz, R| = 16Q 120
THD+N = 1% max, F = 1kHz, R = 16Q 100 | 130
Ay=-1, R = 32Q Py = 60mW, 03
ic di i 20Hz <F <20kHz ’
THD4N Totall harmonic distortion %
+ noise Ay=-1, R =16Q Py =90mW, 03
20Hz <F <20kHz ’
Ay=-1, R = 16Q C,=1pF, F = 1kHz,
- 64 70
pSRR | Power supply rejection Vripple = 200mVpp i
ratio, inputs grounded( Ay=-1, R > 16Q Cy=1yF, F = 217Hz
- ’ 62 68
Vripple = 200mVpp
VoL: R =32Q 0.23 | 0.31
) Vou: R =32Q 453 | 4.72
Vo Output swing \%
Vor: R =16Q 0.44 | 0.57
Vou: R = 16Q 4.18 | 4.48
. . . A weighted, Ay=-1, R =32Q
SNR | Signal-to-noise ratio THD+N < 0.4%, 20HZ < F < 20kHz 105 dB
R =32Q A,=-1
Crosstalk | Channel separation F = 1kHz -102 dB
F = 20Hz to 20kHz -84
Ci Input capacitance 1 pF
GBP | Gain bandwidth product |R =32Q 11 MHz
sr | Slew rate, unity gain R, = 16Q 0.65 Vius
inverting
Vo Input offset voltage Viem=Vcc/2 1 20 mV
twu Wake-up time 100 ms
1. Guaranteed by design and evaluation.
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Electrical characteristics

TS488-TS489

Table 5. Electrical characteristics at Vo = +3.3V
with GND =0V, Ty = 25°C (unless otherwise specified) (@)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
lcc Supply current No input signal, no load 18 | 25 mA
No input signal, Vstgy = GND for TS488, 10 11000
R =32Q
Istgy | Standby current - - nA
No input signal, Vgrgy = V¢ for TS489, 10 | 1000
R =32Q
THD+N = 0.1% max, F = 1kHz, R| = 32Q 34
THD+N = 1% max, F = 1kHz, R| = 32Q 30 35
Pout Output power mw
THD+N = 0.1% max, F = 1kHz, R| = 16Q 55
THD+N = 1% max, F = 1kHz, R| = 16Q 47 57
Ay=-1, R =32Q Py, = 16mW, 03
icdi i 20Hz <F < 20kHz ’
THD4N Totall harmonic distortion %
+ noise Ay=-1, R =16Q Py, =35mW, 0.3
20Hz <F < 20kHz ’
Ay =-1, R > 16Q Cy=1pF, F = 1kHz,
o 63 69
pSRR | Power supply rejection Vripple = 200mVpp i
o 2
ratio, inputs grounded® Ay =-1, R > 16Q C,=1yF, F = 217Hz, o1 o7
Vripple = 200mVpp
VoL: R =32Q 0.15 | 0.2
) Von: R = 32Q 3.03 | 3.12
Vo Output swing \%
VOL: RL =16Q 0.28 | 0.36
VOH: RL =16Q 282 | 2.97
. . . A weighted, Ay = -1, R =32Q
SNR | Signal-to-noise ratio THD+N < 0.4%, 20Hz £ <20kHz 102 dB
R =320 Ay=-1
Crosstalk | Channel separation F = 1kHz -102 dB
F = 20Hz to 20kHz -84
Ci Input capacitance 1 pF
GBP | Gain bandwidth product |R = 32Q 11 MHz
sr | Slew rate, unity gain R, = 16Q 0.6 Vius
inverting
Vo Input offset voltage Viem=Vcc/2 1 20 mV
twu Wake-up time 100 ms

All electrical values are guaranteed with correlation measurements at 2.5V and 5V.

Guaranteed by design and evaluation.
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TS488-TS489

Electrical characteristics

Table 6. Electrical characteristics at V¢ = +2.5V
with GND =0V, Ty = 25°C (unless otherwise specified)
Symbol Parameter Conditions Min. | Typ. | Max. | Unit
lcc Supply current No input signal, no load 18 | 25 mA
No input signal, Vgtgy = GND for TS488, 10 | 1000
R =32Q
Istgy | Standby current nA
No input signal, Vgtgy = V¢ for TS489, 10 | 1000
R =32Q
THD+N = 0.1% max, F = 1kHz, R = 32Q 19
THD+N = 1% max, F = 1kHz, R| = 32Q 18 20
Pout Output power mw
THD+N = 0.1% max, F = 1kHz, R = 16Q 31
THD+N = 1% max, F = 1kHz, R| = 16Q 27 32
Ay=-1, R =32Q P,y = 10mW, 03
ic di i 20Hz < F < 20kHz ’
THD+N Total_ harmonic distortion %
+ noise Ay=-1, R, =16Q P, = 16mW, 0.3
20Hz < F <20kHz ’
Ay=-1, R 2 16Q Cp=1pF, F = 1kHz,
iacti Viiople = 200mV, 68
PSRR Power supply rejection ripple pp 4B
ratio, inputs grounded @ Ay=-1, R| > 16Q Cp=1yF, F = 217Hz
o ) ) 66
Viipple = 200mVpp
VOL: RL =32Q 0.12 | 0.16
VOH: RL =32Q 2.3 2.36
Vo Output swing \%
VoL: R =16Q 0.22 | 0.28
Vonu: R =16Q 215 | 2.25
. . . A weighted, Ay=-1, R|_= 32Q
SNR | Signal-to-noise ratio THD+N < 0.4%, 20Hz <F <20kHz 100 dB
RL = 32Q AV:_]'
Crosstalk | Channel separation F = 1kHz -102 dB
F = 20Hz to 20kHz -84
G Input capacitance 1 pF
GBP | Gain bandwidth product |R_ =32Q 11 MHz
SR | Slew rate, unity gain R, = 16Q 0.6 Vius
inverting
Vio Input offset voltage Viem=Vcc/2 1 20 mvV
twu Wake-up time 100 ms
1. Guaranteed by design and evaluation.
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Electrical characteristics

Figure 2. Open-loop frequency response Figure 3. Open-loop frequency response
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Figure 4. Open-loop frequency response Figure 5. Open-loop frequency response
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Figure 8. Open-loop frequency response Figure 9. Open-loop frequency response
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Figure 10. Open-loop frequency response

Figure 11. Open-loop frequency response
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Figure 12. Power derating curves Figure 13. Power derating curves
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Figure 14. Signal to noise ratio vs. power
supply voltage

Figure 15. Signal to noise ratio vs. power
supply voltage
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Figure 16. Signal to noise ratio vs. power
supply voltage

Figure 17. Signal to noise ratio vs. power
supply voltage
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Figure 18. Signal to noise ratio vs. power
supply voltage

Figure 19. Signal to noise ratio vs. power
supply voltage
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Figure 20. Power dissipation vs. output power Figure 21. Power dissipation vs. output power

per channel per channel
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Figure 22. Power dissipation vs. output power Figure 23. Power supply rejection ratio vs.

per channel frequency
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Figure 27. Total harmonic distortion plus

Figure 26. Total harmonic distortion plus
noise vs. output power noise vs. output power
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Figure 28. Total harmonic distortion plus Figure 29. Total harmonic distortion plus
noise vs. output power noise vs. output power
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Figure 33. Total harmonic distortion plus

Figure 32. Total harmonic distortion plus
noise vs. output power noise vs. output power
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Figure 34. Total harmonic distortion plus Figure 35. Total harmonic distortion plus
noise vs. output power noise vs. output power
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Figure 37. Total harmonic distortion plus

Figure 36. Total harmonic distortion plus
noise vs. output power noise vs. output power
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Figure 39. Total harmonic distortion plus
noise vs. output power

Figure 38. Total harmonic distortion plus
noise vs. output power
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Figure 42. Total harmonic distortion plus
noise vs. output power
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Figure 44. Total harmonic distortion plus

Figure 45. Total harmonic distortion plus
noise vs. frequency

noise vs. frequency
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Figure 50. Total harmonic distortion plus
noise vs. frequency

Figure 51. Total harmonic distortion plus
noise vs. frequency
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Figure 55. Output power vs. load resistance
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Figure 56. Output power vs. power supply

Figure 57. Output power vs. power supply
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Figure 58. Output voltage swing vs. power
supply voltage

Figure 59. Current consumption vs. power
supply voltage
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Figure 62. Current consumption vs. standby Figure 63. Current consumption vs. standby
voltage voltage
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Figure 66. Crosstalk vs. frequency

Figure 67. Crosstalk vs. frequency
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Figure 68. Crosstalk vs. frequency

Figure 69. Crosstalk vs. frequency
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Figure 74. Crosstalk vs. frequency

Figure 75. Crosstalk vs. frequency
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4 Application information
4.1 Power dissipation and efficiency
Hypotheses:

m Voltage and current in the load are sinusoidal (Vy,; and lgy).
m Supply voltage is a pure DC source (V).

Regarding the load we have:
Vout = Vpeaksina(V)

and

VOUT
lour = g~ A

and
V2

PEAK
Pour Z—R,_(A)

The average current delivered by the power supply voltage is:

g

_ 1 Veeak_. _ VpEak
lecaye = o R, sin(t)dt = TR,

0

(A)

Figure 78. Current delivered by power supply voltage in single-ended configuration

0 T/2 T 3T/2 2T T;ne
The power delivered by power supply voltage is:
Psupply = Veclee, o (W)
So, the power dissipation by each power amplifier is

Pdiss = Psupply_POUT(W)

J2Vee
Paiss = /R, JPout—Pout(W)
L

and the maximum value is obtained when:
al:)diss

=0
Pout

4

22/32




TS488-TS489 Application information

4.2

4.3

and its value is:
2
Vee
=5 (W)
TR

F)dissMAX

Note: This maximum value depends only on power supply voltage and load values.

The efficiency is the ratio between the output power and the power supply:
_ Pout _ ™Vpeak
" p T2V
supply CcC

The maximum theoretical value is reached when Vpeq¢ = Vec/2, S0

n= Z—{ = 78.5%

Total power dissipation

The TS488/9 is stereo (dual channel) amplifier. It has two independent power amplifiers.
Each amplifier produces heat due to its power dissipation. Therefore the maximum die
temperature is the sum of each amplifier's maximum power dissipation. It is calculated as
follows:

B Pyss r = Power dissipation due to the right channel power amplifier.
m Pyss . = Power dissipation due to the left channel power amplifier.

B Total Pyjss = Pgiss R + Pdiss L (W)

Typically, Pgiss g is equal to Pgiss |, giving:

TOtalpdiss = 2PdissR = 2PdissL

2./2Vcc
TotalPyiss = JPout—2Pour

w R

Lower cut-off frequency

The lower cut-off frequency F¢ of the amplifier depends on input capacitors Cj,, and output
capacitors Cg.

The input capacitor C;, (output capacitor C) in serial with the input resistor R;, (load
resistor R, ) of the amplifier is equivalent to a first order high pass filter. Assuming that F¢ is
the lowest frequency to be amplified (with a 3dB attenuation), the minimum value of the Cj,

(Coup) Is:

C. :____1_.
i~ 2n. Fo.- R

in

1
C [ N——
Ut " 21 FeL- Ry
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Figure 79. Lower cut-off frequency vs.  Figure 80. Lower cut-off frequency vs.

input capacitor output capacitor
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Note: In case F¢| is kept the same for calculation, It must be taken in account that the
1st order high-pass filter on the input and the 1st order high-pass filter on the
output create a 2nd order high-pass filter in the audio signal path with an
attenuation 6dB on F¢| and a roll-off 40db” decade.

4.4 Higher cut-off frequency

In the high frequency region, you can limit the bandwidth by adding a capacitor Cseeq in
parallel with Req. It forms a low-pass filter with a -3dB cut-off frequency Fcy. Assuming
that Fcy is highest frequency to be amplified (with a 3dB attenuation), the maximum value of
Cfeed is:
_ 1

21 Rigeq Creed

I:CH

Figure 81. Higher cut-off frequency vs. feedback capacitor
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4.5

4.6

Note:

4.7

Gain setting

In the flat frequency response region (with no effect from Cj,,, Cout, Creeq): the output voltage
is:

Reed
Vour = Vin- (_ Ree ) =Vin- Ay

n

The gain Ay is:

Decoupling of the circuit

Two capacitors are needed to properly bypass the TS488 (TS489), a power supply capacitor
C, and a bias voltage bypass capacitor Cy,

C, has a strong influence on the THD+N in the high frequency range (above 7kHz) and
indirectly on the power supply disturbances. With 1pF, you can expect THD+N performance
to be similar to the one shown in the datasheet. If Cy is lower than 1pF, the THD+N
increases in the higher frequencies and disturbances on the power supply rail are less
filtered. On the contrary, if Cq is higher than 1pF, the disturbances on the power supply rail
are more filtered.

Cy, has an influence on the THD+N in the low frequency range. Its value is critical on the
PSRR with grounded inputs in the lower frequencies:

m If Cy, is lower than 1pF, the THD+N improves and the PSRR worsens.
m If Cy is higher than 1pF, the benefit on the THD+N and PSRR is small.

The input capacitor C;, also has a significant effect on the PSRR at lower frequencies. The
lower the value of C;j, the higher the PSRR.

Standby mode

When the standby mode is activated an internal circuit of the TS488 (TS489) is charged
(see Figure 82). A time required to change the internal circuit is a few microseconds.

Figure 82. Internal equivalent schematic of the TS488 (TS489) in standby mode

TS488/9
[Vinl & Vout1 |
25K 600K
GND
25K 600K
[Vin2 & Vout2 |

25/32




Application information TS488-TS489

4.8

Note:

4.9

26/32

Wake-up time

When the standby is released to put the device ON, the bypass capacitor C, is charged
immediately. As Cy, is directly linked to the bias of the amplifier, the bias will not work
properly until the Cy, voltage is correct. The time to reach this voltage plus a time delay of
20ms (pop precaution) is called the wake-up time or ty,; it is specified in the electrical
characteristics table with Cy, = 1pF.

If C, has a value other than 1pF, ty,, can be calculated by applying the following formulas or
can be read directly from Figure 83.
_C,- 25

to = =22 490 ‘UF
WU = 503125 (Ms;uF]

Figure 83. Typical wake-up time vs. bypass capacitance
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It is assumed that the Cy, voltage is equal to OV. If the C, voltage is not equal to OV, the
wake-up time is shorter.

POP performance

Pop performance is closely related to the size of the input capacitor Cj,,. The size of Cj, is
dependent on the lower cut-off frequency and PSRR values requested.

In order to reach low pop, Cj, must be charged to Vc/2 in less than 20ms. To follow this
rule, the equivalent input constant time (R;,C;,,) should be less then 6.7ms:

Tin = Rin X Cj, < 0.0067 (s)
Example calculation:

In the typical application schematic R;, is 20kQand C;, is 330nF. The lower cut-off frequency
(-3db attenuation) is given by the following formula:

F ——
CL " o2r. R... C.

4
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With the values above, the result is Fo =25Hz.
In this case, tj, = Rj, X Cj,=6.6ms.

This value is sufficient with regard to the previous formula, thus we can state that the pop is
imperceptible.

Connecting the headphones

Note:

Generally headphones are connected using jack connectors. To prevent a pop in the
headphones when plugging in the jack, a pulldown resistor should be connected in parallel
with each headphone output. This allows the capacitors Cg,; to be charged even when the
headphones are not plugged in.

Pulldown resistors with a value of 1 kQ are high enough to be a negligible load, and low
enough to charge the capacitors C,,; in less than one second.

The popé&click reduction circuitry works properly only when both channels have the same
value for the external components Ci,, Coyt, Rioad @Nd Rpuiidown:
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5 Package mechanical data

In order to meet environmental requirements, STMicroelectronics offers these devices in
ECOPACK® packages. These packages have a Lead-free second level interconnect. The
category of second level interconnect is marked on the package and on the inner box label,
in compliance with JEDEC Standard JESD97. The maximum ratings related to soldering
conditions are also marked on the inner box label. ECOPACK is an STMicroelectronics
trademark. ECOPACK specifications are available at: www.st.com.

5.1 MiniSO-8 package

miniSO-8 MECHANICAL DATA

mm. inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 1.1 0.043
Al 0.05 0.10 0.15 0.002 0.004 0.006
A2 0.78 0.86 0.94 0.031 0.031 0.037
b 0.25 0.33 0.40 0.010 0.13 0.013
c 0.13 0.18 0.23 0.005 0.007 0.009
D 2.90 3.00 3.10 0.114 0.118 0.122
E 4.75 4.90 5.05 0.187 0.193 0.199
E1 2.90 3.00 3.10 .0114 0.118 0.122
e 0.65 0.026
K 0 6° 0 6
L 0.40 0.55 0.70 0.016 0.022 0.028
L1 0.10 0.004
A

.010 inch

c GAGE PLANE

E1
—
[

L1

A2
Al
5 4

EEae

PIN 1 IDENTIFICATION
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5.2

DFN8 package

DFNS8 (2x2) MECHANICAL DATA

BOTTOM VIEW z

mm inch
DIM.
MIN. TYP MAX. MIN. TYP. MAX.
A 0.51 0.55 0.60 0.020 0.022 0.024
Al 0.02 0.05 0.001 0.002
A3 0.15 0.006
b 0.20 0.25 0.30 0.008 0.010 0.012
D2 1.45 1.60 1.70 0.057 0.063 0.067
E2 0.75 0.90 1.00 0.030 0.035 0.039
L 0.225 0.325 0.425 0.009 0.013 0.017
D 2.00 0.079
E 2.00 0.079
aaa 0.15 0.006
bbb 0.10 0.004
cce 0.10 0.004
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Ordering information

Table 8. Order codes

Part number | Temperature range Package Packing Marking
TS488IST MiniSO-8 K488
TS488IQT DFN8 K88

-40°C to +85°C — Tape & reel
TS489IST MiniSO-8 K489
TS4891QT DFN8 K89

4
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Revision history

Z

Revision history

Table 9. Document revision history
Date Revision Changes
2-Jan-2006 1 First release corresponding to the product preview version.

Removal of typical application schematic on first page (it appears in

1-Feb-2006 2 Figure 1 on page 3).
Minor grammatical and formatting corrections throughout.
Update of marking.
4-Aug-2006 3 Update of DFN8 package height.
Editorial update.
15-Sep-2006 4 Revision corresponding to the release to production of the TS488 -

TS489.
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