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ABSTRACT

The TAx5x1x/TAx5x1x-Q1 family of devices include dual-channel, high-performance, analog to-digital converters
for audio applications. This family of devices supports highly configurable inputs to allow the device to achieve
high performance even in the presence of large common-mode signals.

Common Mode Rejection Ratio (CMRR) is an important specification in determining the performance of an
audio ADC when it is placed in systems that can contain common-mode interferences on the signal lines. One
example of such must be the 50-60Hz supply line interference. This application note describes how to configure
the input common-mode level tolerance on the TAC5x1x/TAC5x1x-Q1 devices, along with the impact on certain
performance parameters such as SNR, THD+N, and so on.

This application note is applicable for the following devices in the family:

+ TAC5212, TAC5112

+ TAC5111

* TAAS5212

+ TAC5112-Q1, TAC5111-Q1
+ TACb5242, TAC5142

« TAA5242
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1 Introduction

Figure 1-1 (a) describes a differential-input amplifier, with input signals V|y+ and V. on the (+) and (-) terminals
respectively.

(a) Differential Amplifier Representation with (b) Equivalent representation with differential
generic inputs on (+) and ( -) and common -mode signal
+
+
v Vour
)
Vi @ Vi Voirr/2 @ -Voirr/2
Vem
Figure 1-1. Differential-Input Amplifier
For an ideal amplifier, the output Vo is:
Vour =Ad*(Vin + +Vin-) (1)

Where A4 is the differential gain of the amplifier.

However, in a practical amplifier, mismatches between the (+) and (-) signals paths can result in an additional
component to the output signal. To compute this, the circuit in Fig 1-1 (b) can be equivalently represented as
shown in Figure 1-1 (b), with a "differential signal" Vprg, and a "common-mode" signal "V¢\". For such an
amplifier, the output is given by:

Vout = Ad*Vpirr + Ac*Vcm (2)

Where A4 is the differential gain, and A; is called the common-mode gain of the amplifier. These signals are
given by:

Vpirr =ViN+ —VIN - (3)
ViN+ +Vin—
vey = = 4)

One of the key performance parameters for a differential input system is it's ability to "reject" such common-
mode signals. This is called "Common-Mode Rejection Ratio (CMRR)", and the value of CMRR in dB is given
by:

CMRR(dB) = 20*1og(AlC) (5)

For an ideal differential amplifier, the CMRR is « dB.

The CMRR of a non-ideal amplifier can be measured by providing the same signal V¢ at both the input
terminals and observing the output Voy1. The CMRR can then be calculated as:

Vem
CMRR(dB) = 20*lo (—) 6
(dB) S\ Vour (6)
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However, such circuits also have a specified range of common-mode swing which they can tolerate. In this
document, the common-mode swing tolerance for the TAC5x1x/TAC5x1x-Q1 devices is discussed, along with
how this tolerance can be programmed, and its impact on device performance.

2 Detailed Description

The TAC5x1x/TAC5x1x-Q1 family comprises of mono/stereo ADCs, which can process differential and single-
ended signals. These signals can be AC-coupled or DC-coupled to the INxP/M pins.

In an audio system, these differential signals are inevitably combined with common-mode interfering signals
before reaching the device pins. There are three different modes the ADCs can operate in, and each mode
describes the maximum common mode swing that can be tolerated on the INxP/M pins. In each mode, the
CMRR of the device is rated to the respective common-mode tolerance swing. These modes are described in
detail in Common Mode Tolerance Modes.

To test the device operation with a common-mode swing, an AC signal source is connected to both INP and INM
pins of the codec, as shown in Figure 2-1. All the results in this app note are measured on the respective EVMs.

IN1P
ADC
IN1M
TAC5x1x
IN2P
ADC
IN2M

Figure 2-1. Connection for Checking Common-Mode Functions
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2.1 Common Mode Tolerance Modes

The TAC5x1x/TAC5x1x-Q1 family of devices support three modes of common-mode operation for the input
ADCs. This mode is selected by configuring the ADC_CHx_CM_TOL field (x is the channel number) that is
present in the ADC_CHx_CFGO register (BO_P0_R80[3:2] for IN1P/IN1M, BO_P0_R85[3:2] for IN2P/IN2M).
These register fields are described in Table 2-1.

Table 2-1. Register Settings for ADC Common-Mode Tolerance

Register Field Location
(Book_Page_Register[MSB:LSB])

Register Field Name

Register Field Description

BO_P0_R80[3:2]

ADC_CH1_CM_TOL[1:0]

ADC Channel 1 input common-mode
tolerance (applicable for the analog input).
0d = AC-coupled input with common mode
variance tolerance supported 100mVy,, for
differential configuration

1d = AC-coupled / DC-coupled input with
common mode variance tolerance supported
1V, for differential configuration

2d = AC-coupled / DC-coupled input with
common mode variance tolerance supported
rail to rail (supply to ground) (High CMRR
tolerance mode)

3d = Reserved

BO_P0_R85[3:2]

ADC_CH2_CM_TOL[1:0]

ADC Channel 2 input common-mode
tolerance (applicable for the analog input).
0d = AC-coupled input with common mode
variance tolerance supported 100mVy,, for
differential configuration

1d = AC-coupled / DC-coupled input with
common mode variance tolerance supported
1V, for differential configuration

2d = AC-coupled / DC-coupled input with
common mode variance tolerance supported
rail to rail (supply to ground) (High CMRR
tolerance mode)

3d = Reserved

Similarly, for the TAx5x42 hardware-controlled devices listed in Abstract, the common-mode tolerance can be set
by configuring the MD5-MD4 pins of the device per Table 2-2.

Table 2-2. Analog Input Configurations for TAx5x42 Devices

MD5 MD4 ANALOG INPUT CONFIGURATION

Low (0) Low (0) Differential input; AC-Coupled only

Low (0) High (1) Differential input; AC or DC-Coupled with
High Common Mode Tolerance

High (1) Low (0) Single-Ended input on INxP; AC-Coupled
only

High (1) High (1) Single-Ended input on INxP; AC or DC-
Coupled with High Common Mode Tolerance
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2.2 Common-Mode Rejection

Each common-mode tolerance mode achieves good common-mode rejection up to the limits of that mode.
The graphs in Figure 2-2 show FFTs of the ADC output on a on a TAC5212EVM-K, with a 1kHz AC common-
mode signal given to the inputs along with a common-mode DC bias voltage. Figure 2-2 (a) is the FFT when
the common-mode swing is at 50mV,, which is within the tolerable limit of 100mV,, (35.36mVrms, which
corresponds to -35.05dBFS for a 2Vrms full-scale swing). Figure 2-2 (b) is the FFT when the common-mode
swing is at tolerance limit of 100mV,,. Figure 2-2 (c) is the FFT when the common-mode swing exceeds the
tolerance limit of 100 mV,.

Similarly, Figure 2-3 and Figure 2-4 show the FFTs for the TAC5212 output on the TAC5212EVM-K when the
device is configured in CM_TOL of 1 and 2 respectively.

(a) (b)
ADC Output @ 50mVp-p CM Swing ADC Output @ 100mVp-p CM Swing
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Figure 2-2. ADC Output Spectrum at CM_TOL Mode 0
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(a) (b)
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ADC Output @ 2.5Vp-p CM Swing
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Figure 2-3. ADC Output Spectrum at CM_TOL Mode 1
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Figure 2-4. ADC Output Spectrum at CM_TOL Mode 2

CMRR for the TAX511x/TAx511x-Q1 devices in mode 0 is 60dB(typ) and typically changes by a few dB in modes
1 and 2 for an equivalent signal amplitude. The higher performance TAx521x and TAx521x-Q1 can achieve a
CMRR closer to 80dB (typ) in mode 2 and is a good choice for systems that want the best performance possible
in applications that require high common-mode tolerance. The variation of CMRR across different levels of input
common-mode swing is plotted in Figure 2-5 for a 1kHz common-mode signal. The AC signal level is varied from
50mVpp to 2.75Vpp, with a common-mode DC bias voltage. The CMRR in Figure 2-5 is averaged across both
input channels on a TAC5212EVM-K.
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CMRR vs CM Swing

Mode 0 vs Mode 1 vs Mode 2

CMRR (dB)

-80 .

-100
0.05 0.07 0.1 02 03 0405 07 1 2 3 4 55
CM Swing (Vp-p)

Figure 2-5. CMRR vs Swing

Note that mismatches in the external differential signal path (trace impedance, AC-coupling capacitor tolerance
etc.) also contribute to the CMRR seen at the ADC output. Figure 2-6 shows the variation in CMRR across

frequency on the TAC5212EVM-K when the inputs are AC-Coupled with 10uF capacitors whose tolerance is up
to +/-20%, and when the inputs are DC-Coupled. The measurement was taken with a 100mV,_, common-mode

signal level. The CMRR in Figure 2-6 is averaged across both input channels.

CMRR vs Frequency
AC-Coupled vs DC-Coupled Inputs

AC-Coupled
-28 | —— — DC-Coupled

CMRR (dB)

-100
100 200 300 500 700 1000 2000 3000 5000 10000 20000
Frequency (Hz)

Figure 2-6. AC-Coupled vs DC-Coupled Input CMRR
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2.3 Device Performance Across CM_TOL Modes
Additionally, some of the other performance parameters (like SNR) are impacted by the configured CM_TOL

mode. Table 2-3 lists the SNR (A-weighted), Dynamic Range (A-weighted) and CMRR for the different modes
measured on a TAC5112EVM-K and TAC5212EVM-K devices. The results are measured for a 1kHz, 100mV,

signal with a common-mode DC bias voltage, and averaged across both input channels.

These results indicate that if the user requires a higher common-mode tolerance at the input (and in the case of
TAC5212, higher CMRR performance), it comes at the cost of performance reduction. For instance, configuring

a TAC5212 device to operate at a CM_TOL mode of 2 provides a CMRR of 80dB (typ), however the SNR
degrades by approximately 6-7dB (typ).

Table 2-3. Performance of TAx511x/TAx521x Across CM_TOL Modes

Device Inoga |setmg () |(@8) " |Weighted | |Weighted o |THD*N (eB)
TAC5212 0 5 66 119 119 -95
10 61 114 114 -101
40 48 103 103 -98
1 5 64 17 17 -95
10 61 113 113 -101
40 48 102 102 -97
2 5 84 112 112 -945
10 73 109 109 -100
40 78 100 100 -94
TAC5112 0 5 61 104 104 -98
10 58 103 103 -101
40 47 102 102 -97
1 5 61 104 104 -98
10 58 103 103 -100
40 47 101 101 -97
2 5 63 103 103 -97
10 58 102 102 -100
40 47 100 100 -96
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3 Summary

Multiple common-mode tolerance modes are provided in the TAX5x1x/TAx5x1x-Q1 family to allow the system
to perform well even in the presence of large amounts of common-mode noise. However, note that higher
common-mode tolerance comes with performance reduction, hence Tl recommends the lowest common-mode
tolerance setting possible that still satisfies the requirements of the system.

4 References

1. Texas Instruments, TAC5212 High-performance stereo audio codec with 119dB dynamic range ADC and
120dB dynamic range DAC, datasheet.

2. Texas Instruments, TAC5112 Low-Power, Stereo Audio Codec with 102dB Dynamic Range ADC and 106dB,
datasheet.

3. Texas Instruments, Input Common-Mode Tolerance and High CMRR Modes for TLV320ADCx120 and
PCMx120-Q1 Devices, application note.
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