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ABSTRACT
In this application report, simple schemes are described to correct the low-frequency response of
ADS42LBxx, ADS42JBxx family of analog-to-digital converters (ADCs). The described schemes are useful
for time-domain applications where the ADC samples a low-frequency pulse signal. These schemes are
simple to implement in either analog or digital domains with minimal changes to the bill of materials
(BOM).
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1 Introduction
TI’s ADS42LBxx, ADS42JBxx (that is, ADS42LB49, ADS42LB69, ADS42JB46, ADS42JB49, and
ADS42JB69) series of devices are a family of high-linearity, dual-channel, 14- and 16-bit, 250-MSPS
ADCs with double data rate (DDR), quad data rate (QDR) low-voltage differential signaling (LVDS) or
JESD204B interface options. The analog input buffer in these devices is designed to provide excellent
spurious-free dynamic range (SFDR) over a large input frequency range (up to 300 MHz) with low-power
consumption and maintain uniform input impedance.

1.1 Analog Input Buffer at Very Low Input Frequencies
Although the buffer response (transfer function) remains flat in nearly the entire Nyquist band, when the
input frequency is very low (in the kHz range) a high-pass filter (HPF) type of response is exhibited, as
shown in Figure 1.

Figure 1. Input Buffer Transfer Function for
Very Low Inputs Frequencies in the ADS42LBxx, ADS42JBxx
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1.2 Explanation
For enhancing device linearity, the input buffer is implemented differently than usual. Figure 2 shows the
implementation of the analog input buffer. This implementation has two paths: high gain (G = 0.95) and
low gain (G = 0.05), as shown in Figure 2. The high gain path is straight and the low gain path has a first-
order RC high-pass filter with a typical 3-dB cut off frequency of f0 = 190 kHz, where w0 is the
corresponding frequency in radians per second. Although this implementation improves linearity at high
frequencies, artifacts may result in the low-frequency signals in time-domain applications that deal with
pulse signals, as shown in Figure 3.

Figure 2. Input Buffer Implementation

Figure 3. Time-Domain Response (16-Bit Device)
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2 Solution
The problem for time-domain pulse applications can be corrected by either using an analog or digital
compensation network.
1. Analog approach: designing a compensating network before the analog inputs corrects for the input

buffer HPF-like behavior.
2. Digital approach: design a digital filter that has an inverse response of the analog input buffer of the

device.
Using simple math, the transfer function of the input buffer illustrated in Figure 2 is derived as
Equation 1:

H(S) = (G × w0 + s) / (w0+ s)

where
• w0 = 2 × π × f0,
• f0 is the cut-off frequency of the HPF in the input buffer (typical value = 190 kHz)
• G is the gain of the main signal path in the buffer (typical value = 0.95) (1)

The analog or digital networks must be designed with a transfer function that is an inverse of the transfer
function of the input buffer shown in Equation 1 so that the overall response to low input frequencies
becomes flat.

In an analog approach, such a network can be implemented using resistors and capacitors and kept
before the analog input pins of the device; whereas in a digital approach, the network essentially can be
realized by an infinite-impulse-response (IIR) filter implemented in the receiving field-programmable gate
array (FPGA) or application-specific integrated circuit (ASIC).

Note that at very-low input frequencies, the high-pass structure inside the analog buffer results in a
degradation of linearity (for example, degraded harmonic or SFDR performance) as well. The
compensating network only corrects the low-frequency response of the buffer and cannot correct the
linearity degradation.
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2.1 Using an Analog Compensation Network
An external network that can compensate for an auxiliary HPF present inside device can be designed in a
simulation deck of the advanced design system (ADS) tool shown in Figure 4. In this network, the
compensating resistors and capacitors can be chosen by using Equation 2 and Equation 3:

RCOMP = RS × 2 × (1 – G) / (2 × G – 1) (2)
CCOMP = 1 / w0 × RCOMP × (2 × G – 1) (3)

Figure 4. Adding an Analog Network Before the Input Pins of the Device

2.1.1 Experimental Results
In lab experiments, the following values were chosen for RCOMP and CCOMP to measure the effect of the
compensating network:
• Source impedance RS = 50 Ω
• RCOMP= 12.5 Ω
• CCOMP = 60 nF
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Measurement data showed significant improvement in the frequency response of the device after the
compensation network was placed before the device, as shown in Figure 5.

Figure 5. Effect of an RC Compensating Network
on the Low-Frequency Response of the Device

To evaluate the affect of the network on the step-response of the device, a circuit was tested with a
50-kHz square-wave pulse and the device output was analyzed in time-domain. As shown in Figure 6,
significant correction was achieved in the device output when the compensation network was added
before the analog inputs.

Figure 6. Effect of an RC Network on the Step-Response of the Device
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2.1.2 Using a Digital Compensation Network
A digital compensating circuit can also be worked through to compensate for the device response. Given
that the sampling rate is 250 MSPS and the corner frequency is approximately 190 kHz, the digital
compensating network can be reasonably effective.

Reproducing Equation 1 here where w0 = 2 × η × f0 and f0 is the cut-off frequency of the HPF in the input
buffer (typical value = 190 kHz) yields Equation 4:

H(s) = (G × w0 + s) / (w0+ s)

where
• w0 = 2 × π × f0 (4)

The inverse of this response must be implemented using an IIR structure as the compensating circuit, as
calculated by Equation 5:

HCOMP(s) = (w0 + s) / (G × w0 + s)

where
• w0 = 2 × π × f0 (5)

Now, using a bilinear first-order approximation for s = loge (z) ≈ (1 – z–1) / (1 + z–1), the equivalent transfer
function is given by Equation 6:

HCOMP(z) = (w0 + 1 + (w0 – 1) z –1) / ( G × w0 +1 + (G × w0 – 1) z–1 )

where
• w0 = 2 × π × f0 / fS (6)

The circuit implementation of this structure is shown in Figure 7.

Figure 7. Digital Compensating Network Using an IIR Filter
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2.1.2.1 Experimental Results
A test 10-kHz square-wave was applied to the device without a compensation network onboard and the
time domain output of the device was stored. An IIR filter, as shown in Figure 8, was implemented in
MATLAB® by using G = 0.95 and f0 = 195 kHz. Then, the time-domain output of the device was passed
through the IIR compensating filter. Results are shown in Figure 9 and Figure 10. The IIR filter corrects
the data significantly.

Figure 8. IIR Filter for Correcting the Low-Frequency Response of the Device

Figure 9. Effect of the Digital Compensating Network (IIR Filter)
on the Step-Response of the Device

The IIR filter also corrected the low-frequency response of the device significantly as shown in Figure 10.

Figure 10. Effect of the Digital Compensating Network (IIR Filter)
on the Low-Frequency Response of the Device
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3 Effect of PVT
When designing the compensating network, note that the accuracy of the gain and corner-frequency
values (0.95 and 190 kHz) of the auxiliary network in the device can vary over temperature and devices.
Over the process-voltage-temperature (PVT) variation, gain G can change from 0.93 to 0.97 whereas the
3-dB frequency of the HPF can change from 150 kHz to 300 kHz. Changes in process corners for
example, a different lot of devices) is the main contributor in the variation of G and f0 as shown in
Figure 11. These parameters remain almost impervious to change in voltage and temperature.

Figure 11. Effect of PVT Variation on the Frequency Response of the Device

4 Conclusion
This application report highlighted the high-pass type behavior of the frequency response of the
ADS42LBxx, ADS42JBxx series of ADCs for very low input frequencies. This report also presented two
easy schemes of correcting the low-frequency response. Depending upon resources, either an analog or
digital compensation scheme can be used.

5 Reference
1. ADS42LB69 Data Sheet, SLAS904
2. ADS42JB69 Data Sheet, SLAS900

http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAA220
http://www.ti.com/lit/pdf/SLAS904
http://www.ti.com/lit/pdf/SLAS900


IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated

http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	Correcting the Low-Frequency Response of the ADS42LBxx, ADS42JBxx for Time-Domain Applications
	1 Introduction
	1.1 Analog Input Buffer at Very Low Input Frequencies
	1.2 Explanation

	2 Solution
	2.1 Using an Analog Compensation Network
	2.1.1 Experimental Results
	2.1.2 Using a Digital Compensation Network
	2.1.2.1 Experimental Results



	3 Effect of PVT
	4 Conclusion
	5 Reference

	Important Notice

