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TS4975

Stereo Headphone Drive Amplifier with

Digital Volume Control via 1°C Bus

m Operating from V¢ = 2.5V to 5.5V

I12C bus control interface

40mW output power @ V= 3.3V,
THD = 1%, F = 1kHz, with 16Q load

m Ultra-low consumption in stdby mode: 0.6pA

Digital volume control range from 18dB to
-34dB

14-step digital volume control
9 different output mode selections
Pop & click noise reduction circuitry

Flip-chip package, 12 x 300pym bumps (lead-
free)

Description

The TS4975 is a stereo audio headphone driver
capable of delivering up to 102mW per channel of
continuous average power into a 16Q single-
ended load with 1% THD+N from a 5V power
supply. The overall gain of these headphone
drivers is controlled digitally by volume contiol
registers programmed via the I°C! iatariace,
minimizing the number of external ~components
needed. This device can also eacii’ he driven by
an MCU to select the output 1acdes, through the
I°C bus interface.

A phantom grouna conmiguration allows one to
avoid using bull.v capacitors on the outputs of the
headphone an:ouiilers.

TS4975EIJT - Flip Chip

Pin cut (top view)
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Applications

m Mobile phones (cellular / cordless)
The T34975 is packaged in a 1.8mm X 2.3mm m PDAs
Flin L_h|p package, @eal_ly suited for space- m Laptop/notebook computers
carscious portable applications. i ]

m Portable audio devices
It has also an internal thermal shutdown
protection mechanism.
Order Codes

Part Number Temperature Range Package Packing Marking
TS4975EJT -40, +85°C Flip-chip Tape & Reel A75
Rev 3

November 2005 1/36
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Absolute Maximum Ratings

Table 1. Key parameters and their absolute maximum ratings

Symbol Parameter Value Unit
Vee Supply voltage (V) 6 \Y
Vi Input Voltage @ Gnp 1o Voo v
Toper Operating Free Air Temperature Range -40to + 85 °C
Tstg Storage Temperature -65 to +150 °C
Tj Maximum Junction Temperature 150 °C
Ritnja Thermal Resistance Junction to Ambient ) 200 °C/w
Paiss Power Dissipation Internally Limited®
ESD Susceptibility - Human Body Model® 2 kV
ESD Susceptibility - Machine Model (min. Value) 200 \Y
Latch-up |Latch-up Immunity 200 mA
Lead Temperature (soldering, 10sec) 260 °C

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

The magnitude of input signal must never exceed V¢ + 0.3V / Gyp - 0.3V

Device is protected in case of over temperature by a thermal shutdown active @ 150°C.

Exceeding the power derating curves during a long period, may involve abnormal operating condition.
Human body model, 100pF discharged through a 1.5kOhm resistor, into pin to V¢ device.

o 0N~

Table 2. Operating conditions

Symbol Parameter Value Unit
Vee Supply Voltage 2.5t05.5v Vv
R. Load Resistor >16 Q
Load Capacitor
CL RL = 16 to 1009, 400 pF
R_ > 100, 100
Toper Operating Free Air Temperature Range -40 to +85 °C
Rthja Flip Chip Thermal Resistance Junction to Ambient 90 °C/W
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TS4975 Typical Application Schematics

2 Typical Application Schematics

Typical application schematics for the TS4975 are show in Figure 1, for a single-ended output
configuration and in Figure 2, for a phantom ground output configuration.

Figure 1. Single-ended configuration
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Typical Application Schematics TS4975

Figure 2. Phantom ground output configuration
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Electrical Characteristics
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Electrical Characteristics

Table 3. Electrical characteristics for the I12C interface

Symbol Parameter Value Unit
Vi Maximum Low level Input Voltage on pins SDA, SCL, VADD 0.3 Vo \
Viy Minimum High Level Input Voltage on pins SDA, SCL, VADD 0.7 Ve \Y;
FscL SCL Maximum clock Frequency 400 kHz
Vo Max Low Level Output Voltage, SDA pin, Igjx = 3mA 0.4 \

! Max Input current on SDA, scLM 10 uA
from 0.1 Vg t0 0.9 Ve

1. SCL and SDA are CMOS inputs. The nominal input current is about few pA and not 10uA. 10pA refer to the 12C

bus specification.

Table 4.  Output noise (all inputs grounded)

Unweighted Filter
from Voo =2.5V to 5V

Weighted Filter (A)
from Vg = 2.5V to 5V

SE, G = +2dB 34pVrms 23pVrms
SE, G = +18dB 67uVrms 45pVrms
PHG, G = +2dB 34pVrms 23uVrms
PHG, G = +18dB 67uVrms 45pVrms
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Electrical Characteristics TS4975

Table 5. Vgec=+2.5V, GND = 0V, T, = 25°C (unless otherwise specified)

Symbol Parameter Conditions Min. Typ. Max. Unit

No input signal, no load,
Single-ended, Mode 1-4

No input signal, no load,

Single-ended, Mode 5-8
lcc Supply Current mA
No input signal, no load,

3 4.2

Phantom Ground, Mode 1-4 46 .
No input signal, no load,
Phantom Ground, Mode 5-8 S S
SCL and SDA at V¢ level
| b
sTBY |Standby Current No input signal 0.6 2 MA
No input signal, R = 32Q,
V, Output Offset Volt 5 50 \Y
o0 Hipu set voltage Phantom Ground m
Single-ended, THD+N = 1% Max, 15 o1
F = 1kHz, R_= 16Q
Single-ended, THD+N = 1% Max,F = 1kHz,
R =320 11 13
Pout Output Power L mW
ou (per channel) Phantom Ground, THD+N = 1% Max, 15 o1
F = 1kHz, R_ = 16Q
Phantom Ground, THD+N = 1% Max, - 13
F = 1kHz, R_ = 32Q
Single-ended, Ay = 2dB, R = 32Q, 0.3
Pout = 10 mW, 20Hz < F < 20kHz, ’
Single-ended, Ay = 2dB, R = 16Q, 0.3

Total Harmonic Pout = 15 MW, 20Hz < F < 20kHz

THD+N | o : %
Distortion + Noise Phantom Ground, Ay = 2dB, R, = 320, 03

Pout = 10 mW, 20Hz < F < 20kHz

Phantom GroundAy = 2dB, R = 16Q,

Pout = 15 MW, 20Hz < F < 20kHz 0.3

Single-ended Output referenced to
Phantom Ground
F =217Hz, R_ = 16Q, Ay = 2dB 60

Viipple = 200mV,,, Input Grounded,

PSRA Power Supply Cp=1pF

Rejection Ratio(" Single-ended Output referenced to
Ground,
F =217Hz, R = 16Q, Ay = 2dB 60 dB
Vripple = 200mV,, Input Grounded,
Cb = 1UF
6/36 171




TS4975

Electrical Characteristics

Table 5. Vgec=+2.5V, GND =0V, T, = 25°C (unless otherwise specified)
Symbol Parameter Conditions Min. Typ. Max. Unit
R_ = 32Q, Ay = 2dB with Single-ended 103
F = 1kHZ, Pyt = 10mW
R_ = 32Q, Ay = 2dB with Single-ended 75
F = 20Hz to 20kHz, Py = 10mW
Crosstalk | Channel Separation dB
R = 32Q, Ay = 2dB with Phantom Ground, 69
F = 1kHZ, Pgyt = 10mW
R_ = 32Q, Ay = 2dB with Phantom Ground, 69
F = 20Hz to 20kHz, Py = 10mW
Ay = 2dB, R = 32Q, Py1 = 12mW 88
Signal to Noise Ratio | Single-Ended
SNR . dB
A-Weighted Ay =2dB, R, =32Q, P, = 12mW -
Phantom Ground
. Output Noise Voltage, Ay = 2dB, Single-ended 23
ONoise : pVrms
A-Weighted Ay = 2dB, Phantom Ground 23
G Digital Gain Range In1 & In2 to Out1 & Out2 -34 +18 dB
Digital Gain Stepsize 4 dB
Gain Error Tolerance -1 +1 dB
z, |IM&In2input All gain settings 255 | 30 | 345 | kQ
Impedance
twu Wake up time Cp=1uF 110 180 ms
tws Standby time 1 ys

1. Dynamic measurements - 20*1og(rms(V)/rms(Vyippie))- Vripple IS @n added sinus signal to Voo @ F=217Hz

4
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Electrical Characteristics

TS4975

Table 6.

Vee = +3.3V, GND = 0V, T, = 25°C (unless otherwise specified)

Symbol

Parameter

Conditions

Min.

Typ.

Max.

Unit

Supply Current

No input signal, no load,
Single-ended, Mode 1-4

3

4.2

No input signal, no load,
Single-ended, Mode 5-8

2.8

No input signal, no load,
Phantom Ground, Mode 1-4

4.6

6.5

No input signal, no load,
Phantom Ground, Mode 5-8

3.6

5.3

mA

IsTBY

Standby Current

SCL and SDA at Vg level,
No input signal

0.6

A

Output Offset Voltage

No input signal, R = 32Q,
Phantom Ground

50

mV

Pout

Output Power
(per channel)

Single-ended, THD+N = 1% Max,
F = 1kHz, R_ = 16Q

34

40

Single-ended, THD+N = 1%
Max,F = 1kHz, R = 32Q

24

26

Phantom Ground, THD+N = 1% Max,
F = 1kHz, R = 16Q

34

40

Phantom Ground, THD+N = 1% Max,
F = 1kHz, R = 32Q

24

26

mW

THD + N

Total Harmonic
Distortion + Noise

Single-ended, Ay = 2dB, R| = 32Q,
Pout = 20 mW, 20Hz < F < 20kHz,

0.3

Single-ended, Ay = 2dB, R = 16Q,
Pout = 30 mW, 20Hz < F < 20kHz

0.3

Phantom Ground, Ay =2dB, R = 329,
Pout = 20 mW, 20Hz < F < 20kHz

0.3

Phantom GroundAy = 2dB, R = 16Q,
Pout = 30 mW, 20Hz < F < 20kHz

0.3

%

PSRR

Power Supply
Rejection Ratio("

Single-ended Output referenced to
Phantom Ground

F =217Hz, R_ = 16Q, Ay = 2dB
Viipple = 200mVy,,, Input Grounded,
Cb = 1lJF

61

Single-ended Output referenced to
Ground,

F =217Hz, R_=16Q, Ay = 2dB
Viipple = 200mVy,,, Input Grounded,
Cb = 1[JF

61

dB

8/36
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TS4975 Electrical Characteristics
Table 6. Ve =+3.3V, GND = 0V, T, = 25°C (unless otherwise specified)
Symbol Parameter Conditions Min. Typ. Max. Unit
R = 32Q, Ay = 2dB with Single-ended 103
F = 1kHZ, Py 1= 20mW
R = 32Q, Ay = 2dB with Single-ended 75
F = 20Hz to 20kHz, Pyt = 20mW
Crosstalk |Channel Separation dB
R = 32Q, Ay = 2dB with Phantom Ground, 69
F = 1kHZ, Py 1= 20mW
R = 32Q, Ay = 2dB with Phantom Ground, 69
F = 20Hz to 20kHz, Pyt = 20mW
Ay = 2dB, R = 32Q, Pot = 25mW
. 90
) ) . |Single-Ended
SNR Signal To Noise Ratio dB
Ay = 2dB, R = 32Q, Pot = 25mW 90
Phantom Ground
. Output Noise Voltage, | Av = 2dB, Single-ended 23
ONoise . puVrms
A-Weighted Ay = 2dB, Phantom Ground 23
G Digital Gain Range In1 & In2 to Out1 & Out2 -34 +18 dB
Digital Gain Step size 4 dB
Gain Error Tolerance =1 +1 dB
z, |In1&In2Input Al gain settings 255 | 30 | 345 | kQ
Impedance
twu Wake up time Cp=1pF 90 156 ms
tws Standby time 1 us
1. Dynamic measurements - 20*log(rms(Vy)/rms(Vippie))- Viipple iS @n added sinus signal to Vec @ F =217Hz
1S7] 9/36




Electrical Characteristics

TS4975

Table 7.

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

Symbol

Parameter

Conditions

Min.

Typ.

Max.

Unit

Supply Current

No input signal, no load,
Single-ended, Mode 1-4

4.2

No input signal, no load,
Single-ended, Mode 5-8

2.8

No input signal, no load,
Phantom Ground, Mode 1-4

4.6

6.5

No input signal, no load,
Phantom Ground, Mode 5-8

3.6

5.3

mA

IsTBY

Standby Current

SCL and SDA at Vg level,
No input signal

0.6

A

Output Offset Voltage

No input signal, R = 32Q,
Phantom Ground

50

mV

Pout

Output Power
(per channel)

Single-ended, THD+N = 1% Max,
F = 1kHz, R = 16Q

92

102

Single-ended, THD+N = 1%
Max,F = 1kHz, R = 32Q

59

64

Phantom Ground, THD+N = 1% Max,
F = 1kHz, R = 16Q

92

98

Phantom Ground, THD+N = 1% Max,
F = 1kHz, R_ = 32Q

59

63

mW

THD + N

Total Harmonic
Distortion + Noise

Single-ended, Ay = 2dB, R = 32Q,
Pout = 50 mW, 20Hz < F < 20kHz,

0.3

Single-ended, Ay = 2dB; R, = 16Q,
Pout = 80 mW, 20Hz < F < 20kHz

0.3

Phantom Ground, Ay = 2dB, R = 320,
Pout = 50 mW, 20Hz < F < 20kHz

0.3

Phantom GroundAy = 2dB, R = 16,
Pout = 80 mW, 20Hz < F < 20kHz

0.3

%

PSRR

Power Supply
Rejection Ratio(!)

Single-ended Output referenced to
Phantom Ground

F =217Hz, R_ = 16Q, Ay = 2dB
Viipple = 200mVy,,, Input Grounded,
Cb = 1lJF

63

Single-ended Output referenced to
Ground

F =217Hz, R_ = 16Q, Ay = 2dB
Viipple = 200mV,p,, Input Grounded,
Cb = 1UF

pp

63

dB

10/36
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TS4975 Electrical Characteristics

Table 7. Vgc=+5V, GND =0V, T,y = 25°C (unless otherwise specified)

Symbol Parameter Conditions Min. Typ. Max. Unit
R = 32Q, Ay = 2dB with Single-ended 103
F = 1kHZ, Pyyt = 50mW
R = 32Q, Ay = 2dB with Single-ended 75
F = 20Hz to 20kHz, P, = 50mW
Crosstalk | Channel Separation dB
R = 32Q, Ay = 2dB with Phantom Ground, 69
F = 1kHZ, Py, = 50mW
R = 32Q, Ay = 2dB with Phantom Ground, 69
F = 20Hz to 20kHz, Pyt = 50mW
Ay = 2dB, R = 32Q, P, ;= 62mW
) 95
Signal To Noise Single-Ended
SNR . . dB
Ratio, A-Weighted | A, = 2dB, R = 32Q, P, = 62mW
95
Phantom Ground
Output Noise Ay = 2dB, Single-ended 23
ONoise | Voltage, uVrms
A-Weighted Ay = 2dB, Phantom Ground 23
G Digital Gain Range |In1 & In2 to Out1 & Out2 -34 +18 dB
Digital Gain Step size 4 dB
Gain Error Tolerance -1 +1 dB
z, |Int&In2input All gain settings 255 | 30 | 345 | kQ
Impedance
twu Wake up time Cp=1pF 80 144 ms
tws Standby time 1 us

1. Dynamic measurements - 20*log(rms(Vout)/rms(Vyipgie))- Viipple is @n added sinus signal to Vgc @ F = 217Hz

4
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Electrical Characteristics TS4975

Figure 3. THD+N vs. output power Figure 4. THD+N vs. output power
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Electrical Characteristics

Figure 9. THD+N vs. output power Figure 10. THD+N vs. output power
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Figure 15. THD+N vs. frequency

Figure 16. THD+N vs. frequency
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Figure 21. THD+N vs. frequency Figure 22. THD+N vs. frequency
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Figure 27. Output power vs. power supply

voltage (each channel)

Figure 28. Output power vs. power supply

voltage (each channel)
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Figure 29. Output power vs. power supply

voltage (each channel)

Figure 30. Output power vs. power supply

voltage (each channel)
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Figure 31. PSSR vs. frequency

Figure 32. PSSR vs. frequency
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Figure 37. Crosstalk vs. frequency Figure 38. Crosstalk vs. frequency
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Figure 43. SNR vs. power supply voltage Figure 44. SNR vs. power supply voltage
110 110
182 A RL=320 182 A RL=320
104 B RL=16Q 104| M RL=16Q
102 Out. mode 1 - 8 102 Out. mode 1 - 8
SE, G = +2dB SE, G = +2dB
100 | ynweighted filter (20Hz to 20kHz) 1001 \yeighted filter type A
= 98| THD+N <0.5% = 98| THD+N < 0.5%
g 9|  Tamb=25°C 8 9| Tamb=25C
c ¥ z %
Z 9 Z 9 : &
7] 7]
90 90 |
88 4 88 ‘
86 86
84 84
82 T 82
80 80
25 3.3 25 3.3
Vee (V) Vee (V)
Figure 45. SNR vs. power supply voltage Figure 46. SNR vs. power supply voltage
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Figure 49. SNR vs. power supply voltage Figure 50. SNR vs. power supply voltage
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Figure 53. 3dB lower cut off frequency vs.
input capacitance

Figure 54. 3dB lower cut off frequency vs.

output capacitance

Input Capacitor Cin (uF)

100
All gain setting
Tamb=25°C
N
=
g N
2
2 Minimum Input
9 Impedance
3
i DN
5 — N
5 ypical Input \\
o Impedance
m 10
o
? T
= | Maximum Input
S | Impedance
0.1

Low -3 dB Cut Off frequency (Hz)

100
All gain setting
Tamb = 25°C
\ \\\
10
| RL=16Q |
| RL=320
100 1000
Output capacitor Cout (uF)

20/36

3




TS4975

Electrical Characteristics

Figure 55. Power dissipation vs. output power Figure 56. Power dissipation vs. output power
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Application Information

The TS4975 integrates 2 monolithic power amplifiers. The amplifier output can be configured
as either SE (single-ended) capacitively-coupled output or PHG (phantom ground) output.
Figure 1 on page 3 and Figure 2 on page 4 show schemes of these two configurations and
Section 4.2: Output configuration describes these configurations.

This chapter gives information on how to configure the TS4975 in application.

I12C bus interface

The TS4975 uses a serial bus, which conforms to the I2C protocol (the TS4975 must be
powered when it is connected to 12C bus), to control the chip’s functions with two wires: Clock
and Data. The Clock line and the Data line are bi-directional (open-collector) with an external
chip pull-up resistor (typically 10 kOhm). The maximum clock frequency in Fast-mode specified
by the I12C standard is 400kHz, which TS4975 supports. In this application, the TS4975 is
always the slave device and the controlling micro controller MCU is the master device.

The ADD pin is allows one to set one of two possible 7-bit device addresses. This setting is
needed for when a number of chips are connected to the same bus (for example two TS4975
devices), to avoid address conflicts. The two possible TS4975 addresses are:

® 3$CCh when the ADD pin is connected to logic low voltage,
® 3$CEh when ADD pin is connected to logic high voltage.

Table 8 summarizes the pin descriptions for the 12C bus interface.

Table 8. I2C bus interface pin descriptions
Pin Functional Description
SDA This is the serial data pin
SCL This is the clock input pin
ADD User-setable portion of device’s I12C address

I2C bus operation

The host MCU can write into the TS4975 control register to control the TS4975, and read from
the control register to get a configuration from the TS4975. The TS4975 is addressed by the
byte consisting of 7-bit slave address and R/W bit.

Table 9. The first byte after the START message for addressing the device
A6 A5 A4 A3 A2 A1 A0 R/W

1 1 0 0 1 1 A0 X

In order to write data into the TS4975, after the “start” message, the MCU must send the
following data:

® send byte with the [2C 7-bit slave address and with a low level for the R/W bit
® send the data (control register setting)

3
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All bytes are sent with MSB bit first. The transfer of written data ends with a “stop” message.
When transmitting several data, the data can be written with no need to repeat the “start”

message and addressing byte with the slave address.

In order to read data from the TS4975, after the “start” message, the MCU must send and

receive the following data:
°

® receive the data (control register value)

send byte with the I12C 7-bit slave address and with a high level for the R/W bit

All bytes are read with MSB bit first. The transfer of read data is ended with “stop” message.
When transmitting several data, the data can be read with no need to repeat the “start”
message and the byte with slave address. In this case the value of control register is read

repeatedly.

When the thermo shutdown or pop and click reduction is active, specific values are read from
the TS4975 (see Section 4.9: Pop and click performance on page 31 and Section 4.10: Thermo

shutdown on page 32).

Figure 59. I2C write/read operations
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Table 10. Ouput mode selection: G from -34 dB to + 18dB (by steps of 4dB)(")
Output Mode # Headphone Output 1 Headphone Output 2

0 SD SD

1 G x In1 G x In2
2 G x In2 G x In1
3 G x In1 G x In1
4 G x In2 G xIn2
5 SD G x In1
6 SD G xIn2
7 G x In1 SD

8 G x In2 SD

1. SD = Shutdown Mode
In1 = Audio Input 1
In2= Audio Input2

G = Gain from Audio Input 1and Input 2 to Output1 and Output2

4
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Gain setting operation

The gain of the TS4975 ranges from -34dB to +18 dB. At Power-up, both the right and left
channels are set in Standby mode.

Table 11. Gain settings truth table
G: Gain (dB) # D7 D6 D5 D4
(MSB)
-34 0 0 0 1
-30 0 0 1 0
-26 0 0 1 1
-22 0 1 0 0
-18 0 1 0 1
-14 0 1 1 0
-10 0 1 1 1
-6 1 0 0 0
-2 1 0 0 1
+2 1 0 1 0
+6 1 0 1 1
+10 1 1 0 0
+14 1 1 0 1
+18 1 1 1 0
Table 12. Output mode settings truth table
[:)3; ;’:'ff D2 D1 DO COMMENTS
0 X X X PHG off
1 X X X PHG on
X 0 0 0 MODE 1
X 0 0 1 MODE 2
X 0 1 0 MODE 3
X 0 1 1 MODE4
X 1 0 0 MODE 5
X 1 0 1 MODE 6
X 1 1 0 MODE 7
X 1 1 1 MODE 8
Table 13. Stand-by mode I2C condition
D7
(MSB) D6 D5 D4 D3 D2 D1 DO
0 0 0 0 X X X X

24/36
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Table 14. [I2C control byte states

(IV[I) S7 B) D6 D5 D4 D3 D2 D1 Do
1 1 1 1 X X X X Undefined State

41.3 Acknowledge

The number of data bytes transferred between the start and the stop conditions from the CPU
master to the TS4975 slave is not limited. Each byte of eight bits is followed by one
acknowledge bit.

The TS4975 which is addressed, generates an acknowledge after the reception of each byte
that has been clocked out.

4.2 Output configuration

When the device is switched to Mode 5,6,7 or 8, where one channel is in shutdown, it means
that corresponding output is in a high impedance state.

4.2.1 Single-ended configuration

When the device is woken-up or switched via I2C interface to SE configuration, output amplifiers
are biased to the V/2 voltage and this voltage is present on OUT1 and OUT2 pins. Pins
PHG1 and PHG2 are in high impedance state. In this configuration an output capacitor, C, on
each output is needed to block the V/2 voltage and couples the audio signal to the load.

4.2.2 Phantom ground configuration

In a PHG configuration the internal buffers are connected to PHG1 and PHG2 pins and biased
to the V/2 voltage. Output amplifiers (pins OUT1 and OUT2) are also biased to the V/2
voltage. Therefore, no output capacitors are needed. The advantage of the PHG configuration
is the need for fewer external components as compared with a SE configuration. However, note
that the device has higher power dissipation (see Section 4.3: Power dissipation and efficiency
on page 26).

In this configuration, PHG1 and PHG2 pins must be shorted and the connection between these
pins should be as short as possible. For best crosstalk results, in this case, each speaker
should be connected with a separate PHG wire (2 speakers connected with 4 wires) as shown
in Figure 2: Phantom ground output configuration on page 4. You should avoid using only one
common PHG wire for both speakers (i.e. 2 speakers connected with 3 wires), which would give
much poorer crosstalk results.

4.2.3 Shutdown

When the device goes to shutdown from SE or PHG mode, PHG1 and PHG2 outputs are in a
high impedance state and OUT1 and OUT2 outputs are shorted together and connected to
bias voltage. This voltage steadily decreases as the bypass capacitor Cy, discharges, and
reaches GND voltage when Cy, 545 is fully discharged. This output configuration is
implemented to reach the best pop performance during chip wake-up.

3
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