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Clutter-free power supplies for RF converters 
in radar applications (Part 1)

Introduction
When looking for noise sources, power-supply pins are 
also considered inputs, and all active devices have them. 
In today’s practical designs, power pins should be consid-
ered when designing in the radio-frequency (RF) domain. 
Noise and coupling on any power-supply input can cause 
substandard performance in radar applications because of 
the additional clutter.

Although the focus in this article is on data converters—
particularly RF converters sampling in the gigahertz 
region—the principles discussed here are applicable to all 
integrated circuits, including fully differential amplifiers, 
mixers, low-noise amplifiers, gain blocks, RF switches and 
digital step attenuators in an application signal chain at 
low or high frequencies.

Essentially, the analog-to-digital converter (ADC) is a 
giant mixer; whatever is at the input will convolve to its 
output spectrum. This is true for any input. It may be 
assumed that “leaky noise,” also known as white noise or 
spurs, only comes from the clock or analog inputs, or both. 
For applications like advanced radar systems, though, the 
switch-mode power supply (SMPS) can also leak noise 
and wreak havoc on spectral performance.

Low-dropout regulators (LDOs) are commonly used to 
reduce the noisy bus-rail voltage that enters the system 

board, which biases the various portions of the ADC. 
However, this isn’t always the most practical method when 
the component size and efficiency trade-offs are consid-
ered. Instead, some SMPS technologies can be adapted to 
these applications with a more in-depth understanding of 
the SMPS output noise.

This first installment of a two-part series describes what 
happens when noise couples onto the ADC’s supply, how it 
might couple through the ADC’s circuitry, and some 
common power-supply trade-offs.

Power-supply noise coupling
A noisy sampling clock provided to the ADC will ultimately 
prove disastrous for ADC performance. There are many 
papers written about this, so the following is just a high-
level explanation. When a clock is considered sub-par, the 
ADC will deviate from its data-sheet specifications in 
signal-to-noise ratio (SNR) and noise spectral density. As 
illustrated in Figure 1, the fast-Fourier transform spectrum 
overlay shows the difference between a jittery clock and 
clean sampling clock applied to the ADC. Notice the 
degradation in the SNR of ~3 dB when using a sub-par 
sampling clock. This degradation drastically reduces the 
total dynamic range of the system.
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Figure 1. Comparison of noisy vs. clean sampling clock
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To illustrate this a bit more, if the clock has 
any wideband or close-in noise, then either noise 
can be a component evident in the output spec-
trum. This is illustrated in Figure 2. Earlier, it 
was suggested that the ADC be thought of as a 
giant mixer; even if the ADC is ideal, any noise 
that couples only to the clock in either a wide-
band or close-in fashion will ultimately convolve 
to the output spectrum.

It is possible to apply the same concept to the 
power-supply input as well. By shifting the 
fundamental frequency (fIN) down to DC, as 
shown in Figure 2, any wideband noise or close-
in noise near DC will convolve to the output 
spectrum. See Figure 3.

Figure 2. wideband or close-in noise coupled to the ADC’s output spectrum from the clock inputs
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Figure 3. Wideband or close-in noise coupled to the 
ADC’s output spectrum from the power inputs
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There is a slight difference in how noise couples through 
the clock versus how noise couples through the power-
supply pins. In the clock example, the internal circuitry of 
the clocking nodes is well-tied into the sample-and-hold 
structures of the analog inputs. This makes it a perfect 
place for any noise or coupling through the clock pins to 
find their way into the internal signal path of the ADC as 
was shown in Figure 2. The coupling path is almost zero 
attenuation in this case. 

Notice that the internal circuitry of the ADC shown in 
Figure 4 includes an attenuation symbol. This symbol 
represents the ADC’s rejection of any noise or signal 
coupling through the power pins, which is measured as 
the power-supply rejection ratio (PSRR). Ultimately, this 
attenuation defines the amount of coupling rejection, or 
PSRR, from the internal circuit design inside the ADC. 
Some circuit design topologies allow less noise attenuation 
than others, and therefore, more noise leaks into the 
ADC’s digitization path, degrading the performance of the 
ADC. Figure 5 illustrates two different circuit structure 
examples.

The type of structure shown in Figure 5a gives better 
attenuation to noise and coupling, (and thus better PSRR) 
because of the high-isolation metal-oxide semiconductor 
construction connected to the power supply rail. The 

Figure 4. Example of power-supply 
attenuated coupling path

Ideal ADC

Atten

Noise

AVDD
Input

circuit in Figure 5b offers less attenuation to noise 
because of its simple resistive pull-up design.

Parasitics are another factor that distinguishes good and 
bad PSRR tolerance. Smaller process geometries and 
lower supply ranges are used today in many ADC designs, 
as well as many other devices. In turn, these geometries 
give rise to smaller voltage thresholds, which become 
more sensitive to noise. 

Figure 5. Generic examples of internal ADC circuit 
structures connected to a power-supply pin
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Power-supply trade-offs: SMPSs vs. LDOs
Since high-speed ADCs are sensitive to power-supply 
noise, one popular method to minimize noise is to design 
with a switch-mode power supply (SMPS) to knock down 
the main bus-rail voltage available in the system (28 V or 
15 V, for example). The SMPS provides a mid-rail voltage 
where the LDO can provide a clean voltage to the appropri-
ate ADC power domain. See Figure 6.

An SMPS design, when compared to a linear supply, has 

Figure 6. An SMPS and LDO design for the ADC12DJ5200RF evaluation module (EVM)

+12 V, 3 A

VA11, +1.1 V

VA19, +1.9 V

VD11, +1.1 V

VCLK, +3.3 V

VLMK, +3.3 V

V33, +3.3 V

VD19, +1.9 V

+3.6 V

+2.2 V

+1.4 VExt Power
Supply

SMPS
LMS3635M

SMPS
LMS3635M

SMPS
LMS3635M

SMPS
LMS3635M

LDO
TPS7A8400

LDO
TPS7A8400

LDO
TPS7A8400

Figure 7. An SMPS-only design for the ADC12DJ5200RF EVM
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several advantages. The reduction in power loss translates 
to a better, more efficient solution. Less power dissipation 
from the power losses that build up in the numerous 
LDOs’ voltage drops across the board, coupled with the 
size of the overall SMPS power-supply circuit, translate to 
more available PCB real estate. Using an SMPS alone does 
require careful consideration of the switching supply 
selected, filtering, and circuit design layout to achieve the 
chosen results, but it is possible. See Figure 7.
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As shown in Figure 8, the ADC’s AC performance (SNR/
SFDR) is on par between the two power supply designs as 
an analog input frequency of 1.5 GHz is applied while 
sampling at 10.4 GSPS. This basic test instills confidence 
that the SMPS design is robust and realizable.

Conclusion
New technology breakthroughs in power IC designs have 
given way to SMPS-only approaches, enabling the use of 
this methodology in many noise-sensitive applications 
such as radars and high-end instrumentation. The 
TPS62913 low-ripple and low-noise buck converter was 
used in this article to show the differences between these 
trade-offs. This buck converter was specifically designed 
to help power supplies be designed to meet the noise and 
ripple requirements of high-speed, noise-sensitive 
applications.

A Part-2 follow-up article will define and measure PSRR 
and the power-supply modulation ratio using the 12-bit 
ADC12DJ5200RF RF-sampling ADC, and provide an 
example of how to properly make power-management 
trade-offs.

Figure 8. ADC12DJ5200RF AC performance comparison

–120

–100

–80

–60

–40

–20

0

A
m

p
li

tu
d

e
 (

d
B

F
S

)

0 1 2 3 4 5

Frequency (GHz)

SMPS Only

SMPS + LDO

f = 1.5 GHzIN

f = 10.4 GSPS, JMODE1S

SNR = 53.5 dBFS

SFDR = 61.3 dBFS

NSD = –151.0 dBFS/Hz

Related Web sites
Rob Reeder and Steve Schnier, “Powering Sensitive 

ADC Designs with the TPS62913 Low-Ripple and 
Low-Noise Buck Converter,” Application Report 
(SLVAEW7), September 2020.

High-Speed Data Converter Pro software, Texas 
Instruments Design Resources.

Product information:
ADC12DJ5200RF
LMS3635-Q1
TPS7A84
TPS62913

http://www.ti.com/adj
https://www.ti.com/lit/SLVAEW7
https://www.ti.com/tool/DATACONVERTERPRO-SW
https://www.ti.com/product/ADC12DJ5200RF
https://www.ti.com/product/LMS3635-Q1
https://www.ti.com/product/TPS7A84
https://www.ti.com/product/TPS62913


Texas Instruments	 6	 ADJ 2Q 2021

Analog Design Journal

E2E is a trademark of Texas Instruments. All 
other trademarks are the property of their 
respective owners.

TI Worldwide Technical Support

TI Support
Thank you for your business. Find the answer to your support need or get in 
touch with our support center at 

	 www.ti.com/support

China:	 http://www.ti.com.cn/guidedsupport/cn/docs/supporthome.tsp

Japan:	 http://www.tij.co.jp/guidedsupport/jp/docs/supporthome.tsp

Technical support forums
Search through millions of technical questions and answers at TI’s E2E™ 
Community (engineer-to-engineer) at 

	 e2e.ti.com

China:	 http://www.deyisupport.com/

Japan:	 http://e2e.ti.com/group/jp/

TI Training
From technology fundamentals to advanced implementation, we offer 
on-demand and live training to help bring your next-generation designs to life. 
Get started now at 

	 training.ti.com

China:	 http://www.ti.com.cn/general/cn/docs/gencontent.tsp?contentId=71968

Japan:	 https://training.ti.com/jp

A011617

Important Notice: The products and services of Texas Instruments Incorporated and its 
subsidiaries described herein are sold subject to TI’s standard terms and conditions of sale. 
Customers are advised to obtain the most current and complete information about TI products and 
services before placing orders. TI assumes no liability for applications assistance, customer’s 
applications or product designs, software performance, or infringement of patents. The publication 
of information regarding any other company’s products or services does not constitute TI’s approval, 
warranty or endorsement thereof.

© 2021 Texas Instruments Incorporated.  
All rights reserved. SLYT811

http://www.ti.com/adj
http://www.ti.com/support
http://www.ti.com.cn/guidedsupport/cn/docs/supporthome.tsp
http://www.tij.co.jp/guidedsupport/jp/docs/supporthome.tsp
http://e2e.ti.com
http://www.deyisupport.com/
http://e2e.ti.com/group/jp/
http://training.ti.com
http://www.ti.com.cn/general/cn/docs/gencontent.tsp?contentId=71968
https://training.ti.com/jp


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. TI grants you
permission to use these resources only for development of an application that uses the TI products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other TI intellectual property right or to any third party
intellectual property right. TI disclaims responsibility for, and you will fully indemnify TI and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.
TI’s products are provided subject to TI’s Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s
applicable warranties or warranty disclaimers for TI products.IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com

