T'echcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET
TD9721

General Description

The TD9721 is a stereo, differential input, single supply,and
cap-free line driver, which is available in SOP-14 and
TSSOP-14 packages.

The TD9721 is ground-reference output, and doesn’t need
the output capacitors for DC blocking. The advantages of
eliminating the output capacitor are saving the cost,
eliminating component height, and improving the low
frequency response.

The external gain setting is recommended using from

+1V/V to £10V/V. High PSRR provides increased immunity to
noise and RF rectification. TD9721 has shutdown and
under-voltage detector function for Depop solution.

The TD9721 is capable of driving 2.1Vimsat 3.3V into

2.5kQ load, and provides short-circuit and thermal rotection.

Features

® Operating Voltage: 3V~3.6V
® Differential Input

® Ground Reference Output

- No Output Capacitor Required (for DC Blocking)
- Save the PCB Space
- Reduce the BOM Costs
- Improve the Low Frequency Response
® Low Noise and THD+N
- SNR > 108dB
- Noise < 8UVms
- THD+N < 0.02% at 20Hz~20kHz
Output Voltage Swing Can Reach 2.1Vrms/Chinto2.5 kQ
at Voo=3.3V
High PSRR: 80dB at 217Hz
Fast Start-up Time: 500Us
Integrate the De-Pop Circuitry
Thermal and Short-Circuit Protection
Surface-Mount Packaging
-SOP-14
- TSSOP-14
Lead Free and Green Devices Available(RoHS Compliant)

Applications

Set-Top Boxes

CD/DVD Players

LCD TVs

HTIBs (Home Theater in Box)
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DATASHEET

Stereo, Differential Input Cap-Free Line Driver  TD9721

Pin Configurations

RINP 1T | @ [ T114 LINP RINP 1| @ [ T114 LINP
RINN 2 [T [ T113 LINN RINN 2 [T [ T113 LINN
ROUT 3 [T [ 112 LOUT ROUT 3 [T} [ [ 112 LOUT
GND4[T | TD9721 |~ T711UVP GND 4T | TP9721 |~ T]11UVP
SDN 5[] 1110 PGND SDN 5[ 1110 PGND
vsse L1 71 9VvDD vss e L1 11 9VvVDD
CPN 7 [T 11 8CPP CPN 7 [T ] — 11 8CPP
TSSOP-14 SOP-14
(Top View) (Top View)

Pin Description

NO. NAME 1/0/P | FUNCTION

1 RINP I Right channel non-inverting input.

2 RINN I Right channel inverting input.

3 ROUT 0 Right channel output.

4 GND P Signal ground.

s <ON | Shutdown mod control input signal, pull low for shutdown headphone driver. This pin should be

connect a 100Q2 Protection Resistor.

6 VSS P Headphone driver negative power supply.

7 CPN I/0 Charge pump flying capacitor negative connection.

8 CPP I/0 Charge pump flying capacitor positive connection.

9 VDD P Supply voltage input.

10 PGND P Power ground.

11 uvpP I Under voltage protection input. Floating or Pull “H” to disable this function.
12 LOUT 0] Left channel output.

13 LINN I Left channel inverting input.

14 LINP I Left channel non-inverting input.
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‘Téchcode® DATASHEET

Stereo, Differential Input Cap-Free Line Driver  TD9721

Ordering Information

TD9721 O

a O
Circuit Type —L Packing:

Blank: Tube
R:Type and Reel

P:SOP-14
O:TSSOP-14

Functional Block Diagram

RINN
\ ROUT
RINP /
LINP
\ LOUT
LINN /
Thermal Under Voltage UVP
and Over Detection Circuit
Current
Frotection : VDD
I
SDN | | Shutdown | { | F’g‘ru]'nf[?r Charae CPP
Circuit Depop F’umgp
Circuit
CPN
| |
oND | PoND IVSS
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Téchcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET

TD9721

Absolute Maximum Ratings

Symbol Parameter Rating Unit
Weano_sho PGND to GND Voltage 03t003
Voo Supply Voltage (VDD to GND and PGND) D3tc4
Vaon Input Voltage (SDN to GND) Ver-0.3 10 Vop+0.3
Ves WSS to GND and PGND Valtage Hto03 \Y
Vour ROUT and LOUT to GND Voltage Vee-0.3 to Vpp+0.3
Veep CPP to PGND Voltage Veanp-0.3 10 Vpo+0.3
Veen CPN to PGND Voltage Vgs-0.3 to Vpgup+0.3
T, Maximum Junction Temperature 150
Tste Storage Temperature Range -G5to +150 °C
Tzeor Maximum Soldering Temperature Range, 10 Seconds 260
Po Power Dissipation Internally Limited W

N

Notel: Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and

functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not implied.

Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Range
Symbol Parameter Unit
Min. Max.
Voo Supply Voltage 3 36
Vig High Level Threshold Voltage SDN 1.0 . vV
Vi Low Level Threshold Voltage SDN . 0.35
Ta Operating Ambient Temperature Range -40 85 °C
T, Operating Junction Temperature Range -40 125 °C
Ry Load Resistance G600 100k (9]
Thermal Characteristics
Symbol Parameter Typical Value Unit
Thermal Resistance - Junction to Ambient ™=
B TSSOP-14 120 °ciw
SOP-14 120

Note 2: Please refer to “Thermal Pad Consideration”. 2 layered 5 in2 printed circuit boards with 20z trace and copper through several thermal vias. The

thermal pad is soldered on the PCB.
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Téchcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET
TD9721

Electrical Characteristics

Vop=3.3V, Veno=Veeno=0V, Vson=Voo, Ccrr=Ccro=1pF, Ci=1uF, Ri=2.5kQ, Ta=25,C, Ri=10kQ, R=20kQ (unless otherwise noted)

Symbol Parameter Test Conditions Unit
Min. Typ. Max.
lop Voo Supply Current - 10 15 mA
lso Voo Shutdown Current Vae=0V - 1 5 1A
I Input Current SDN - 0.1 - uA
CHARGE PUMP
fasc Switching Frequency 400 500 600 kHz
Re, Equivalent Resistance - 21 25 0
DRIVERS
Avo Open Loop Voltage Gain a0 100 - dB
GW Unity Gain Bandwidth 8 10 - MHz
Vsr Slew Rate - 4.5 - Vius
Vos Qutput Offset Voltage Vop=3.0V to 3.6V, R_ = 2.5kQ -9 - 5 mYy
Vi Qutput Noise R=10k, R=10kQ2 - 8 15 UV rms
Tetarun Start-up Time - 500 - us
Vpp=3.0V to 3.6V, V,=200mV,.
- . f= 217Hz -80 -60
PSRR Power Supply Rejection Ratio f.= 1kHz - 80 0 dB
fn= 20kHz -50 45
CL Maximum Capacitive Load - 220 - pF
Veso ESD Protection OUTR, OUTL - 8 - kv
THD+N=1%, fin=1kHz
Vo g#;pstét)\!oltage (Stereo, In R,=2.5k0) 20 91 ) v
R =100k - 23
Qutput Power (Stereo, In THD+N=1%, f,=1kHz
Po Phase) R.=320 - 20 - mwW
Vo=2Vims, Ri=2.5kQ2
fin=20Hz 0.02 -
fin=1kHz ) 0.001 0.002
Total Harmonic Distortion Plus fi=20kHz 0.02 - ,
THD+N Noise %
Po=20mW, RL=320
f,=1kHz - 0.04 -
Vo=2Vims, Ri=2.5kQ
! fin=20Hz 100
Crosstalk Channel Separation f = 1kHz - 100 - dB
fin=20kHz 90
Vo=2Vrms, R =2.5kQ2, R=10k0,
SIN Signal to Noise Ratio R=10kQ, - 108 102 dB
With A-weighting Filter
Thermal Shutdown Protection ) 5
Teo Temperature - 150 - C
UVP FUNCTION
External Under Voltage
Vure Detection ) 129 ) v
| External Under Voltage 50 A
HYs Detection Hysteresis Current B ' - H
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DATASHEET
TD9721

Stereo, Differential Input Cap-Free Line Driver

Typical Operating Characteristics

THD+N vs. Output Power

THD+N vs. Qutput Voltage
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Stereo, Differential Input Cap-Free Line Driver

DATASHEET

TD9721

Typical Operating Characteristics(Cont.)

THD+N vs. Frequency
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7-echcode® DATASHEET

Stereo, Differential Input Cap-Free Line Driver  TD9721

Typical Operating Characteristics(Cont.)

Frequency Response Frequency Response
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Stereo, Differential Input Cap-Free Line Driver

DATASHEET

TD9721

Typical Operating Characteristics(Cont.)

Crosstalk vs. Frequency
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7-echcode®

DATASHEET

Stereo, Differential Input Cap-Free Line Driver  TD9721

Typical Operating Characteristics(Cont.)

PSRR vs. Frequency
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DATASHEET
TD9721

T'echcode®

Stereo, Differential Input Cap-Free Line Driver

Type Application Circuit

Line Driver Amplifier

1. Inverting
Ree
YAYAY
Res
CIl\ R
1uF N R.CH
R-CH y || RINN
Input >—|| VN— - ROUT Qutput
RINP + ?
.
Cin LINA
TuF Rux T
L-CH ) LINN
Input >—II VWV -
Thermal Under Voltage
and Over Detection Circuit
Current
Protection _
N Rsp | 1
Shutdown SDN 1000 Shutdown Power
> YATAY PR and Charge
Control Circuit Depop Pump
Circuit
| | S
J?NDJ;GND VSS
— ——Cero
TuF
2. Non-Inverting
Res
VAYAY,
Res
Cx
1uF Rin
[ RINN R-CH
e - ROUT Output
RCHy = RINP .
Input I
Cl‘l R
TuF *
L System
Cn = Power
1wk~ <Ry
L-CH Il LINF]
Input * I i I
|
W /
TS R Thermal Under Voltage
1wk and Over Detection Circuit
Current
Protection N
R33 | T [
== 1000
Shutdown SDN Shutdown Powctier CPP EDMF
Control Circuit Dggop C;Sr;gpe Cope L
Circuit “JiuF
— CPN

| |
END@Z’GND eSS
— —Cecro

TuF
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T'echcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET

TD9721

Type Application Circuit(Cont.)

Line Driver Amplifier (Cont.)
3. Differential

Res
YAYAY
Res
CI‘l R
1uF N R.CH
RINN
R-CH >—H VA A _ ROUT Qutput
nput 5 1L A RINP .
Cy Rm R
FB8
1 System
Ci — Power
Tk Ry Rea UNA Lok \
L-CH >—| ) + LouT Output
Input I AN LINN ~ s
Cn Rin
1;1!1' Thermal Under Voltage uve R2
and Over Detection Circuit kO
Current VDD
Reo Protection | T __T_ DO |
ST : 0uF
Shutdown SDN Shutdown Power CcpPP 1uF g
Control  ~ Circuit Dand Charge Ce 1
epop Pump uF'l=—|—1 F
Circuit u
CPN
| | L 1
JEND PGND VSS
— ——Ccro
TuF
Second-Order Active Low-Pass Filter
1. Differential
R-CH
R-CH - ROUT, Output
Input . Com_T_
2200F |
- System
= Power
L-CH 3
Input ~
Thermal Under Voltage
and QOver Detection Circuit
Current
Protection o
Rsp [ 1 L
Shutdown SDN 1000 Shutdown Powgr - CPP . 1uF EU.LLF
P an
contrel Circut Depop || Pump. Corr =
Circuit JiuF
| | —l CPN
JE}NDJ;GND AES
— ——Cero
1uF
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T'echcode®

DATASHEET
Stereo, Differential Input Cap-Free Line Driver  TD9721
Type Application Circuit(Cont.)
Second-Order Active Low-Pass Filter
2. Inverting
R2%
Cl—/—
3 R1 R3 RINN R-CH
R-CH >—H_\AAI_“W\ _|=_ — ROUT OUTpUt
Input c1 I RINP + Cout _L_
C2 == — 220pF T
- System
= Power
LINH -
L-CH +
Input LINM _
Thermal Under Voltage
and Qver Detection Circuit
Current
Protection o
Rso | 1 L
== 10002 ; 10uF
SDN Power CPP i uF i b
Sggt:t?:: " S%Lﬁgﬁi?n Dgggp Cphuanr%e Cope ==
Circuit J1wF
| | —— CPN
J(ENDJ;GND | Vss
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g'lu!:

October, 20, 2011.

Techcode Semiconductor Limited
13

www.techcodesemi.com




Téchcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET
TD9721

Function Description

Line Driver Operation

Vpo/2

Conventional Line Driver

Cap-free Line Driver

Figure 1. Cap-free Operation
The TD9721’s line drivers use a charge pump to invert the positive
power supply (Voo) to negative power supply (Vss), see figurel.
The headphone drivers operate at this bipolar power supply (Voo
and Vss) and the outputs reference refers to the ground. This
feature eliminates the output capacitor that is using in conventional
single-ended headphone drive amplifier. Compare with the single
power supply amplifier, the power supply range has almost
doubled.
Thermal Protection
The thermal protection circuit limits the junction temperature of the
TD9721. When the junction temperature exceeds T.=+1500C, a
thermal sensor turns off the driver, allowing the devices to cool.
The thermal sensor allows the driver to start-up after the junction
temperature down about 1250C. The thermal protection is
designed with a 250C hysteresis to lower the average T.during
continuous thermal overload conditions, increasing lifetime of the
ICs.

Shutdown Function

In order to reduce power consumption while not in use, the
TD9721 contains shutdown controllers to externally turn off the
amplifier bias circuitry. This shutdown feature turns the amplifier
off when logic low is placed on the SDN pins for the TD9721. The
trigger point between a logic high is 1.0V and logic low level is
0.35V. It is recommended to switch between ground and the
supply voltage Voo to provide maximum device performance. By
switching the SDN pins to a low level, the amplifier enters a
low-consumption current circumstance, charge pump is disabled,
and loo for the TD9721 is in shutdown mode. In normal operating,
the TD9721’s SDN pins should be pulled to a high level to keep the
IC out of the shutdown mode. The SDN pins should be tied to a
definite voltage to avoid unwanted circumstance changes.
Under-Voltage Protection

External under voltage detection can be used to shutdown the
TD9721 before an input device can generate a pop. The shutdown
threshold at the UVP pin is 1.25V. The user selects a resistor
divider to obtain the shutdown threshold and hysteresis for the
specific application. The thresholds can be determined as below:
VUVP = (1.25-6pAXR3) x (R1+R2)/R2

Hysteresis = 5uA x R3 x (R1+R2)/R2

With the condition: R3>>R1//R2

For example, to obtain Vuv»=3.8V and 1V hysteresis, R1=3kQ,
R2=1kQ and R3=50kQ.

Vaystem
Q
R1 >
3k ?
" R3
ﬂqn UVP Pin
v 1.28V
R2 s e
ko < GuA

Figure 2. Under-Voltage Protection
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Téchcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET
TD9721

Application Information

Using The TD9721 As A Second-Order Filter
Several audio DACs used today require an external lowpass filter
to remove out-of-band noise. This is possible with the TD9721, as

it can be used like a standard Operational Amplifier. Several filter

topologies can be implemented, both single-ended and differential.

In Figure3, a multi-feedback (MFB) with differential input and
single-ended input is shown.

An ac-coupling capacitor to remove dc content from the source is
shown; it serves to block any dc content from the source and
lowers the dc-gain to 1, helping reducing the output dc-offset to
minimum.

Differential Input

R3

-t

=C2 #1
R3 /

Inverting Input

In Ql:"—ﬁfl:

—Out
T Car 3 IB—E'L
» L220pF
Cx+Cy=C1 . ) Cx+Cy=C1 ) )
Cy:internal Capacitance(6pF) Cyinternal Capacitance(6pF)

Figure 3. Second-Order Active Low-Pass Filter

Gain E;ﬂ: l';::; c1 | c2|c3|rR|R|R3
vy | FESS 18258 | (oF) | (9F) | 6P | (k) | (k) | (ke
1 | 16| 40 100680 10| 10| 10| 24

15 1.3 | 40 68 | 680 | 15 | 82 12 30
-2 186 G0 33 | 150 | 6.8 15 30 47
-2 186 30 47 | 470 | 6.8 15 30 43

333 12 30 33 | 470 | 10 13 43 43

10 | 1.5 30 22 | 1000 22 | 47 | 47 27

For Inverting Input, The overall gain is:

R2

Ay =—22
TR

The high pass filter's cutoff frequency is:
f 1
cihighpass) — m

The low pass filter’s cutoff frequency is:

1

f fd
lowpass) y JR2R3CIC2

Input Capacitor, Ci

C R,
al %%

—*
Figure 4. Typical Application Circuit

In the typical application, an input capacitor, Ci, is required to allow
the amplifier to bias the input signal to the proper DC level for
optimum operation. In this case, Ciand the minimum input
impedance Rifrom a high-pass filter with the corner frequency are
determined in the following equation:

fc(highnass] = ;

21RG

The value of Cimust be considered carefully because it directly
affects the low frequency performance of the circuit. Riis the
external input resistance that typical value is 10kQ and the
specification calls for a flat bass response down to 20Hz. Equation
is reconfigured as below:
(CSI —

ZERift:::high|:|ass]
When the input resistance variation is considered, the Ciis 0.8uF,
so a value in the range of 1uF to 2.2uF would be chosen. A further
consideration for this capacitor is the leakage path from the input
source through the input network (Ri+ Ry, Ci) to the load.
This leakage current creates a DC offset voltage at the input to the
amplifier that reduces useful headroom, especially in high gain
applications. For this reason, a low leakage tantalum or ceramic
capacitor is the best choice. When polarized capacitors are used,
the negative side of the capacitor should face the amplifiers’ input
in most applications because the DC level of the amplifiers’ input is
held at GND. Please note that it is important to confirm the
capacitor polarity in the application.

Input Resistor, Ri
The gain of the TD9721 is be set by the external input resistor (Ri)
and external feedback resistor (Rr). Please see the figure 4.
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Téchcode®

Stereo, Differential Input Cap-Free Line Driver

DATASHEET
TD9721

Application Information(Cont.)

Input Resistor, Ri(Cont.)
Gain (A, )= 2_:
The external gain setting is recommended using from -1V/V to
-10V/V, and the Riis in the range from 1kQ to 47kQ. It's
recommended to use 1% tolerance resistor or better. Keep the
input trace as short as possible to limit the noise injection. The
gain is recommended to set -1V/V, and Riis 10kQ, and Rris 10kQ.
Feedback Resistor, Rs

Refer the figure 4, the external gain is setting by Riand Ry; and the
gain setting is recommended using from -1V/V to -10V/V. The Rris
in the range from 4.7kQ to 100kQ. It's recommended to use 1%
tolerance resistor or better.

Power Supply Decoupling, Cs

The TD9721 is a high-performance CMOS audio amplifier that
requires adequate power supply decoupling to ensure the output
total harmonic distortion (THD+N) is as low as possible. Power
supply decoupling also prevents the oscillations being caused by
long lead length between the amplifier and the speaker.

The optimum decoupling is achieved by using two different types
of capacitors that target on different types of noise on the power
supply leads. For higher frequency transients, spikes, or digital
hash on the line, a good low equivalent-series-resistance (ESR)
ceramic capacitor, typically 0.1uF, is placed as close as possible
to the device VDD and PVDD lead for the best performance. For
filtering lower frequency noise signals, a large aluminum
electrolytic capacitor of 10uF or greater placed near the audio
power amplifier is recommended.

Charge Pump Flying Capacitor, Ccer

The flying capacitor affects the load transient of the charge pump.
If the capacitor’s value is too small, then that will degrade the
charge pump’s current driver capability and the performance of
line drive amplifier.

Increasing the flying capacitor’s value will improve the load
transient of charge pump. It is recommended using the low ESR

ceramic capacitors (X7R type is recommended) above 1pF.

Charge Pump Output Capacitor, Ccro

The output capacitor’s value affects the power ripple directly at
CVss (Vss). Increasing the value of output capacitor reduces the
power ripple. The ESR of output capacitor affects the load
transient of CVss(Vss). Lower ESR and greater than 1uF ceramic
capacitor is a recommendation.
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W MILLIMETERS INCHES
o MIN. MAX. MIN. MAX.
A 120 0.047
Al 0.05 0.15 0.002 0.006
A2 0.80 1.05 0.031 0.041
b 0.19 0.30 0.007 0.012
c 0.09 0.20 0.004 0.008
D 4.90 5.10 0.193 0.201
6.20 6.60 0.244 0.260
E1 4.30 450 0.169 0177
e 0.65 BSC 0.026 BSC
L 045 075 0.018 0.030
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VIEW A

s SOP-14

M MILLIMETERS INCHES

° MIN. MAX. MIN. MAX.
A 1.75 0.069
AT 0.10 0.25 0.004 0.010
A2 1.25 0.049
b 0.31 0.51 0.012 0.020
c 0.17 0.25 0.007 0.010

8.55 8.75 0.337 0.344

E 5.80 6.20 0.228 0.244
E1 3.80 4.00 0.150 0.157
e 1.27 BSC 0.050 BSC
h 0.25 0.50 0.010 0.020
L 0.40 1.27 0.016 0.050
8 0° 8° 0° 8°
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