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General Description

The IU632C is a 3VRMS pop-free stereo line driver
designed to allow the removal of the output
dcblocking capacitors for reduced component count
and cost. The device is ideal for single-supply
electronics where size and cost are critical design
parameters.The IU632C is capable of driving 3VRMS
into a 2.5kQ load with 5V supply voltage. The device
has differential inputs and uses external gain setting
resistors to support a gain range of +1V/V to £10V/V,
and gain can be configured individually for each
channel. Line outputs requiring just a simple resistor-
capacitor ESD protection circuit. The 1U632C has
built-in active-mute control for pop-free audio on/off
control. The IU632C has an external undervoltage
detector that mutes the output when the power supply

is removed, ensuring a pop-free shutdown.Using the
IU632C in audio products can reduce component
count considerably compared to traditional methods

of generating a 3VRmMs output. The 1U632C does not
require a power supply greater than 3.3 V to generate
its 5.6-Vpp output and 5 V to generate its 8.5-Vpp
output, nor does it require a split-rail power supply.
The 1U632C integrates its own charge pump to
generate a negative supply rail that provides a clean,
pop-free ground-biased 3VRMS output.

Package

+ TSSOP14

Typical Application o
Lol

R2

Features

* 2Vrms Into 2.5 kQ With 3.3V Supply
- 3Vrms Into 2.5 kQ With 5V Supply

¢ Low THD+N < 0.01% at 2Vrms Into 2.5 kQ

* High SNR, >90 dB

*+600Q Output Load Compliant

« Differential Input and Single-Ended Output

» Adjustable Gain by External Gain-Setting Resistors
* Low DC Offset, <1 mV

* Ground-Referenced Outputs Eliminate DCBlocking
Capacitors

— Reduce Board Area,Reduce Component Cost

— Improve THD+N Performance

—No Degradation of Low-Frequency Response

Due to Output Capacitors

» Short-Circuit Protection
* Click- and Pop-Reduction Circuitry
» External Undervoltage Mute
* Active Mute Control for Pop-Free Audio On/Off Control

Applications

- Notebooks

« Sound Cards

« Set-Top Boxes.LCD TV

* Mini/Micro Combo Systems
- Laptops

« Microphone

LEFT
INPUT

R2

RIGHT OUTPUT —4

»— LEFT OUTPUT

Click and Pop)
Suppression

Short-Circuit
Protection

é R11

Bias
Circuitry

1uF

3.3-V Supply
Linear
Low-Dropout

R1=15kQ, R2=30kQ, R3=43kQ,
Differential-input, single-ended output, second-order filte

1uF I
Regulator

System Supply,
C1=47pF, C2= 180 pF
P P I1opF
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Pin Configuration and Functions

PIN
TYPE
NAME NO. DESCRIPTION
1U632C CN 7 I/0 | Charge-pump flying capacitor negative connection
ANR[ T ° 2] N CP 8 I/0 | Charge-pump flying capacitor positive connection
GND 4,10 P Ground
ANR[2 ] (13 ] -INL N 13 | | Left-channel OPAMP negative input
OUTR| 3 12 | OUTL +INL 14 | Left-channel OPAMP positive input
GND [ 2 G L3171 uvP -INR 2 I | Right-channel OPAM Pnegative input
T Yotage
Muts [ 5 | 6] GND +INR | Right-channel OPAMP positive input
f Mute 5 | Mute,active-low
% 6 9 | vDD
SS E:] OuUTL | 12 O | Left-channel OPAMP output
Charge Pum
CN[7 | b | 8 Jcp OUTR 3 O | Right-channel OPAMP output
. Under voltage protection,internal pullup
z:éil\;‘il\?v)sop S M I | Unconnected if UVP function is unused.
VDD P Positive supply
VSS P Negative voltage generated by charge pump

@)J:f@i;%iﬁvmzz &, F AT F A 3]
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Absolute Maximum Ratings
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lU632C

MIN MAX UNIT
Supply voltage, VDD to GND -0.3 6 \Y
V| Input voltage Vss -0.3 VDD+0.3 Vv
R Minimum load impedance — line outputs — OUTL, OUTR 600 Q
Mute to GND,UVP to GND -0.3 VDD+0.3 \
T, Maximum operating junction temperature -40 150 °C
Tsig Storage temperature -40 150 °C
Recommended Operating Conditions
MIN NOM MAX UNIT
VDD  Supply voltage | DC supply voltage 25 55 Vv
R, Load impedance 0.6 10 kQ
Vi Low-level input voltage Mute 40 % of VDD
Viy High-level input voltage Mute 60 % of VDD
Ta Operating free-air temperature -40 25 85 °C
Thermal Information
THERMALMETRIC TSSOP14 UNIT
Rgja Junction-to-ambient thermal resistance 130 °C/W
Rojc(top) Junction-to-case(top) thermal resistance 49 °C/W
Ry Junction-to-board thermal resistance 63 °C/W
Yr Junction-to-top characterization parameter 3.6 °C/W
Ws Junction-to-board characterization parameter 62 °C/W
Ordering and Marking Information
Device Package Type| Device Marking Reel Size Tape Width Quantity
1U632C TSSOP14 13” 12mm 4000 units
ESD Susceptibility
ESD Susceptibility-HBM -----————— e +8kV
ESD Susceptibility-MM = ~— - +2000V

1. Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device.Functional operation at
conditions other than the operating conditions specified is not implied.Only one Absolute Maximum Rating should be applied at
one time.
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Electrical Characteristics rvbp=3.3v, T,=25CJ, R,=2.5kQ, C,.,=C,.cc=14F, C,=14F, R=10kQ, R,=20kQ (unless otherwise noted)
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SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Voo Supply Voltage Range 25 55 v
Vos Output Offset Voltage Input grounded, unity gain. 4 4 mV
la Quiescent Current No load 46 mA
laof) Supply Current in Shutdown 0.33 mA

Vop=3.3V, f=1kHz, THD=1% 2.05 VRus
Vo Output Voltage

Voo=5V, f=1kHz, THD=1% 3.05 VRus
THD+N Total Harmonic Distortion Plus Noise| Vo=3Vkws, f=1kHz 0.001 %

Vop=3.3V, EN Low to High Transition 1 v
Venn High-level Threshold Voltage(EN)

Vop=5V, EN Low toHigh Transition 1 v

Vop=3.3V, EN High to Low Transition 05 v
VenL Low-level Threshold voltage(EN)

Vop=5V, EN High to Low Transition 0.6 v
[lenn] High-level input current(EN) Voo =5V, Vi= Voo 0.1 pA
[len| Low-level input current(EN) Voo=5V V=0V 1 pA
XAk Crosstalk Vo=3Vkus, f=1kHz -96 dB
Isc Short Circuit Current Vop=5V 90 mA
R Input Resistor Range 1 10 47 kQ
SR Slew Rate 5 Vius
C. Maximum Capacitive Load 470 pF
CF Flying Capacitor 0.1 0.33 2.2 uF
VN Noise Output Voltage BW=20Hz to 20kHz 43 uVRus
SNR Signal to Noise Ratio Vo=3Vkus, f=1kHz, BW=20kHz 117 dB
GBW Unity Gain Bandwidth No load 10 MHz
AvoL Open-Loop Voltage Gain No load 130 dB

Vpop=3.3V 1.15 1.20 1.25 v
Vuve External Under-voltage Detection

Vop=5V 1.16 1.21 1.28 v
| External Under-voltage Detection 45 A
HYS Hysteresis Current ; H
fcp Charge Pump Frequency 300 kHz
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Typical Performance Characteristics

Total Harmonic Distortion + Noise vs. Output Voltage
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Application Information
IU632C operates from a single supply voltage
PVDD.

It integrated charge pump generates a negative
supply —PVDD at the VSS pin. The Line driving
amplifiers work with dual supplies: PVDD and
—PVDD. Therefore, the DC level of the audio output
can be designed to be 0V. A DC-blocking capacitor
typically seen in a single-supplied driver is not
necessary.The supply range of the 1U632C is 2.5V
to 5.5V. For a 3VRMS output, the recommended
supply voltage is 5V. For a 2VRMS output, the
recommended supply voltage is 3.3V.RIN of 2.5k
and RFB of 5k set the inverting gain of 2. Because of
the exceptional noise performance of 1U632C, the
dominant noise source is actually from RIN. To get
better noise performance, lower inputresistance and
feedback resistance may be used.

Integrated Charge Pump

The integrated charge pump in IU632C generates
negative power supply from a single supply PVDD.
Aflying capacitor for the charge pump shall be applied
between CP and CN. At the same time a decoupling
capacitorshall be applied between PVSS and ground.
Typical value for the flying capacitor is 0.33uF.Typical
value of thedecoupling capacitor shall be same as or
larger than that of the flying capacitor. Low-ESR
capacitors arerecommended for the flying capacitor
and the decoupling capacitor.

Audio Signal Amplification Gain
Setting

The main application of the IU632C is to
amplify/buffer audio signals and drive audio lines with
very lowdistortion. Typical application circuits with
inverting gain are shown in Figure a.Non-inverting
amplification of audio signals is also possible with
same low distortion.

Res
-Vin _l i -
Cn Ry J__+
-Vin _|
+Vin

Figure a Typical Application Circuit of IlU632C

AC-Coupling Input Capacitors

Because of the integrated charge pump that
generates negative rail, IlU632C may be used to
amplify audio signal so the output DC voltage is OV.
This usually requires the DC voltage of the input
signal to be 0V. If the input signal has a DC level
other than 0V, an AC-coupling capacitor is necessary
to block the DC voltage.The AC-coupling capacitor
essentially forms a high-pass filter at the input. The
cut-off frequency of the filter has to below enough not
to distort the input audio signal. For an inverting

lU632C

amplifier shown in Figure a the cut-off frequency may
be calculated as following: 1

fo = —
2T[Rincin

Adding Low-Pass Filtering to the Gain
If low-pass filtering is necessary in addition to the audio
signal amplification, a second-order filter can be
implementedas shown in Figure b. Choice of C3, R1,
R2, and R3 is based on the gain setting requirement and
AC-coupling cut-off frequency as discussed above. C1,
C2 and C4 may be calculated depending on the
bandwidth. Example choices of R and C are listed in
Table 1. If first-order filtering satisfies performance
requirements, simply remove the C2 and C4 to lower the
component counts.

R3
—i—
R1 R2 Cl
Vo ——— - 1
C3 A1 . — (1)
C ==
R3
I
LL|
C3 RI R2 Cl1
Vi I = C4 ——(2)
+Viy —||—/M, t
c3 Rl R2 Cl
I
L "\ AA—9
R3

Figure b Second-order filter with gain: (1) Single-ended input;
(2) Differential input

Table 1 Example RC setting at different gains

Gain | Rl | R2 | R3 | C1 2 c3 c4

G=2 | 2.5k | 2.5k | 10k |120pF| InF | 2.2uF | 360pF
G=2.5 | 2.4k | 24k | 12k | 91pF | 750pF | 2.2uF |390pF
G=3.75| 2k | 2k |15k | 75pF | 750pF | 4.7uF |390pF

External Undervoltage Detection
External undervoltage detection can be used to
mute/shut down the 1U632C before an input device can
generate a pop.The shutdown threshold at the UVP pin
is 1.2V. The user selects a resistor divider to obtain the
shutdown threshold and hysteresis for the specific
application. The thresholds can be determined as
follows:

Vuvp = 1.2 x (R1+R2)/R2

Hysteresis = 4.54AxR3 x (R1+R2)/R2

VSUP_MO

UVP Resistor Divider
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Driving Large Capacitive Load

1U632C is designed to drive large capacitive loads up
to 220pF directly. When driving larger capacitive
loads with the IU632C, a small series resistor at the
output (Riso in Figure ¢ ) improves the feedback loop’
s phase margin and stability by making the output
load resistive at higher frequencies. Usually Riso of
50Qis sufficient.

Vin VVY Riso Vout

1U632C
[T

Cload

Figure c Driving Circuits

Power Supply Layout and Bypass

The power supply pin of lU632C should have a local
bypass capacitor (i.e., 0.01pyF to 0.1uF) within 2mm
for good high frequency performance. It can also use
a bulk capacitor (i.e., 1TuF or larger) within 100mm to
provide large, slow currents. This bulk capacitor can
be shared with other analog parts. Ground layout
improves performance by decreasing the amount of
stray capacitance and noise at the OPA’s inputs and
outputs. To decrease stray capacitance, minimize PC
board lengths and resistor leads, and place
externalcomponents as close to the op amps’ pins as
possible.

Proper Board Layout

To ensure optimum performance at the PCB level,
care must be taken in the design of the board layout.
To avoid leakage currents, the surface of the board
should be kept clean and free of moisture. Coating
the surface creates a barrier to moisture
accumulation and helps reduce parasitic resistance
on the board. Keeping supply traces short and
properly bypassing the power supplies minimizes
power supply disturbances due to output current
variation, such as when driving an ac signal into a
heavy load. Bypass capacitors should be connected
as closely as possible to the device supply pins. Stray
capacitances are a concern at the outputs and the
inputs of the amplifier. It is recommended that signal
traces be kept at least 5mm from supply lines to
minimize coupling. A variation in temperature across
the PCB can cause a mismatch in the Seebeck
voltages at solder joints and other points where
dissimilar metals are in contact, resulting in thermal
voltage errors. To minimize these thermocouple
effects, orient resistors so heat sources warm both
ends equally. Input signal paths should contain
matching numbers and types of components, where
possible to match the number and type of
thermocouple junctions. For example, dummy
components such as zero value resistors can be used
to match real resistors in the opposite input path.
Matching components should be located in close
proximity and should be oriented in the same manner.
Ensure leads are of equal length so that thermal
conduction is in equilibrium. Keep heat sources on
the PCB as far away from amplifier input circuitry as is
practical.The use of a ground plane is highly
recommended. A ground plane reduces EMI noise
and also helps to maintain a constant temperature
across the circuit board.

Layout Example

1U632C

LIN(- )OI—'W\:I-—H—1[—O LouT

Decoupling
capacitor as close

CI rcu It as possible to the
/ device

LIN(+
RIN(+

as close as
MUTE possible to the
device

RIN(-)OLN\-I-—{}—iOROUT

3}

Power Ground

\ PVSS capacitor

B Pad to Ground Plane
V Connection to VDD
O Via to Ground Layer

[ Top Layer Signal Traces
[0 Top Layer Ground Plane
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Package Information
lU632C TSSOP14 PACKAGE OUTLINE DIMENSIONS UNITS:mm

e
b ——1— A

illillilili

T

P

¢
1S I
PIN 1 B0 H B 6 HE el
| A
_C
D B 6
ajm e Y e

H\ [
Ry

Dimensions In Millimeters Dimensions In Inches
Symbol
Min Max Min Max
D 4.900 5.100 0.193 0.201
E 4.300 4.500 0.169 0.177
b 0.190 0.300 0.007 0.012
c 0.090 0.200 0.004 0.008
E1 6.250 6.550 0.246 0.258
A 1.200 0.047
A2 0.800 1.000 0.031 0.039
Al 0.050 0.150 0.002 0.006
e 0.65(BSC) 0.026(BSC)
L 0.500 | 0.700 0020 | o0.028
H 0.25(TYP) 0.01(TYP)
5) " | 7° 1° |
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