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Introduction
Part 1 of this signal chain power optimization series discusses how power supply 
noise can be quantified to identify which parameters of signal chain devices it 
affects. An optimized power distribution network (PDN) can be created by deter-
mining the actual noise limits the signal processing devices can accept without 
affecting the integrity of the signals they produce. In Part 2, this methodology is 
applied to high speed analog-to-digital and digital-to-analog converters, where it 
demonstrates that lowering noise to a necessary level does not always equate to 
higher cost, increased sized, and lower efficiency. These design parameters can 
actually be met in one optimized power solution.

This article focuses on another part of the signal chain—the RF transceivers. Here, 
we check the sensitivity of the device to the noise coming from each power rail 
to identify which ones need additional noise filtering. An optimized power solution 
is provided, which is further validated by comparing its SFDR and phase noise 
performance to the current PDN when attached to the RF transceiver. 

Optimizing the Power System for the ADRV9009 
6 GHz Dual RF Transceiver
The ADRV9009 is a highly integrated, radio frequency (RF), agile transceiver offer-
ing dual transmitters and receivers, integrated synthesizers, and digital signal 
processing functions. The IC delivers a versatile combination of high performance 
and low power consumption demanded by 3G, 4G, and 5G macrocell time division 
duplex (TDD) base station applications. 
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Figure 1. A standard evaluation board power distribution network for the ADRV9009 dual transceiver. This setup uses an ADP5054 quad regulator with four LDO postregulators to meet noise 
specifications and maximize the performance of the transceiver. The goal is to improve on this solution.
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Figure 1 shows the standard PDN for the ADRV9009 dual transceiver. The PDN 
consists of an ADP5054 quad switcher with four linear regulators. The goal here 
is to see what performance parameters of the power distribution network can  
be improved, while producing noise that does not degrade the performance of 
the transceiver.

As shown throughout this series,1, 2 quantifying the sensitivity of ADRV9009 to 
power supply noise is necessary to optimize the PDN. The ADRV9009 6 GHz dual 
RF transceiver requires five different power rails, namely:

	X 1.3 V analog (VDDA1P3_AN)

	X 1.3 V digital (VDDD1P3_DIG)

	X 1.8 V transmitter and BB (VDDA_1P8)

	X 2.5 V interface (VDD_INTERFACE)

	X 3.3 V auxiliary (VDDA_3P3)

Analysis
Figure 2 shows the Receiver 1 port PSMR results for the analog rails (VDDA1P3_AN, 
VDDA_1P8, and VDDA_3P3). For the digital rails—VDDD1P3_DIG and VDD_INTERFACE— 
the maximum injected ripple we could produce with a signal generator did not 
produce spurs in the output spectrum, so we don’t need to worry about minimiz-
ing ripple on those rails. Modulated spur amplitude is expressed in dBFS where 
the maximum output power (0 dBFS) is equivalent to 7 dBm or 1415.89 mV p-p in 
a 50 Ω system. 
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Figure 2. The PSMR performance of the analog supply rails of the ADRV9009 transceiver at 
Receiver 1.

For the VDDA1P3_AN rail, the measurement was taken at two different branches 
of the transceiver board. Notice that in Figure 2, PSMR falls below 0 dB at <200 kHz 
ripple frequency, indicating that ripple at these frequencies produces even 
higher modulation spurs in the same magnitude. This means that below 200 kHz, 
Receiver 1 is very sensitive to even the smallest ripple that the VDDA1P3_AN 
rail produces. 

The VDDA_1P8 rail is divided into two branches in the transceiver board: VDDA1P8_TX 
and VDDA1P8_BB. The VDDA1P8_TX rail reaches a minimum PSMR at 100 kHz at 
around ~27 dB, corresponding to 63.25 mV p-p of 100 kHz ripple, resulting in 
modulated spurs of 2.77 mV p-p. VDDA1P8_BB measures a minimum of ~11 dB at a 
5 MHz ripple frequency, equivalent to 0.038 mV p-p spurs produced by 0.136 mV p-p 
of injected ripple. 

VDDA_3P3 data shows that at around 130 kHz and below, PSMR falls below 0 dB, 
which indicates that the RF signal at Receiver 1 is very sensitive to noise coming 
from VDDA_3P3. The PSMR for this rail rises as the frequency increases, reaching 
up to 72.5 dB at 5 MHz. 

In sum, the PSMR results show that among the power supply rails, VDDA1P3_AN 
and VDDA_3P3 rail noise are the most worrisome, contributing the most signifi-
cant ripple content coupled to Receiver 1 of the ADRV9009 transceiver.
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Figure 3. The PSRR performance of the analog supply rails of the ADRV9009 transceiver at 
Receiver 1.

Figure 3 shows the PSRR performance of ADRV9009 for the analog supply rails. 
VDDA1P3_AN’s PSRR is flat at ~60 dB up to 1 MHz, and it slightly falls to a minimum  
of ~46 dB at 5 MHz. This can be viewed as a 0.127 mV p-p of 5 MHz ripple that 
produces a 0.001 mV p-p spur riding the LO frequency together with the modu-
lated RF signal. 

The PSRR for the VDDA1P8_BB rail of the ADRV9009 bottoms out at ~47 dB at 
5 MHz, while the VDDA1P8_TX rail’s PSRR doesn’t fall below ~80 dB. In the spec-
trum below 1 MHz, the PSRR of VDDA_3P3 is higher than the shown 90 dB. The 
measurement is clipped at 90 dB as the maximum injected ripple up to 1 MHz is 
20 mV p-p—not high enough to produce spurs above the noise floor of the local 
oscillator. The PSRR for that rail is higher than what’s shown below 1 MHz, and 
as the frequency increases, it drops to 76.8 dB at 4 MHz, its lowest value in the 
10 kHz to 10 MHz range.

Similar to the PSMR results, PSRR data shows that the majority of the noise 
coupled to the local oscillator frequency, particularly above 1 MHz, comes from 
the VDDA1P3_AN and VDDA_3P3 rails.

To determine if a power supply can meet noise requirements, the ripple output 
of the DC power supply is measured, resulting in a waveform plotted across 
100 Hz to 100 MHz frequency range, like that shown in Figure 4. To this spectrum, 
an overlay is added: the threshold at which sideband spurs will appear at the 
modulated signal. The overlaid data is obtained by injecting sinusoidal ripple 
into the specified power supply rail at several reference points, to see what ripple 
levels produce sideband spurs, as discussed in Part 1 of this series. 
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The threshold data shown in Figure 4 to Figure 6 are for the three supply rails 
to which the transceiver is most sensitive. The power rail spectra are shown for 
various DC-to-DC converter configurations, with and without spread spectrum 
frequency modulation (SSFM) enabled or additional filtering via LDO regulator  
or low-pass (LC) filter. These waveforms are measured at the power supply 
board to give room for additional margin that is greater than or equal to 6 dB 
below the noise limit.
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Figure 4. The output noise spectrum of the LTM8063 (various configurations) powering the 
VDDA1P3_AN rail, along with the maximum allowable ripple for that rail.

Testing
Figure 4 shows the spur threshold for the VDDA1P3_AN rail along with the 
measured noise spectrum for various configurations of an LTM8063 µModule® 
regulator. As shown in Figure 4, using the LTM8063 directly powering the rail  
with spread spectrum frequency modulation (SSFM) disabled produces ripple at  
the LTM8063’s fundamental operating frequency and harmonics that exceed the 
threshold. In particular, the ripple exceeds the limit by 0.57 mV at 1.1 MHz, indi-
cating that some combination of postregulator and filter is needed to suppress 
the noise coming from the switching regulator. 

If only an LC filter is added (no LDO regulator), the ripple at the switching fre-
quency just reaches the maximum allowable ripple—there’s probably not enough 
design margin to ensure top performance of the transceiver. Adding an ADP1764 
LDO postregulator and turning on the LTM8063’s spread spectrum mode lowers 
the fundamental switching ripple amplitude and its harmonics over the entire 
spectrum, and the noise peaks due to SSFM in the 1/f region. The optimum result 
is achieved by turning on SSFM, and adding both an LDO regulator and LC filter, 
which reduces the remaining noise caused by the switching action—leaving an 
~18 dB margin from the maximum allowable ripple.

Spread spectrum frequency modulation spreads noise over a wider band, thereby 
reducing the peak and average noise at the switching frequency and its harmon-
ics. This is done by modulating the switching frequency up and down by a 3 kHz 
triangle wave. This introduces new ripple at 3 kHz, which is taken care of by the 
LDO regulator. 

When SSFM is enabled, the resulting low frequency ripple and its harmonics are 
apparent in the VDDA_1P8 and VDDA_3P3 output spectrums shown in Figure 5 and 
Figure 6, respectively. As shown in Figure 5, the noise spectrum of the LTM8074 
with SSFM enabled provides a minimum ~8 dB margin to the maximum allowable 
ripple for the VDDA_1P8 rail. So no postregulator filtering is necessary to meet 
the noise requirements on this rail.
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Figure 5. The output noise spectrum of the LTM8074 (with SSFM on) powering the VDDA_1P8 
rail, along with the maximum allowable ripple for that rail.
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Figure 6 shows the noise spectrum for various configurations of the LTM8074 
µModule regulator, along with the maximum noise requirements for the 3.3 V 
VDDA_3P3 rail. For this rail, we’re examining the results using the LTM8074 Silent 
Switcher® µModule regulator. The LTM8074-only configuration (no filter or LDO 
postregulator) produces noise that exceeds the limit regardless of whether 
spread spectrum mode is enabled or disabled. 

The results of two alternate configurations meet the noise specification with  
>6 dB margin: the LTM8074 without SSFM enabled plus an LC filter, and the 
LTM8074 with SSFM enabled with an LDO postregulator. Although both meet the 
requirement with sufficient margin, the LDO postregulator solution gets the edge 
here. This is because the VDDA_3P3 rail also provides the 3P3V_CLK1 clock sup-
ply, so a reduction of 1/f noise is relatively more important, as noise here could 
translate to phase jitter in the local oscillator if not addressed. 
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Optimized Solution
Based on the outcome of tests above, Figure 7 shows an optimized solution that 
would give >6 dB noise margin when used on an ADRV9009 transceiver board.

Table 1 shows the comparison of the optimized PDN to the standard PDN. The 
component area reduction is 29.8%, and the efficiency has increased to 69.9% 
(from 65.7%) with an overall power saving of 0.6 W. 

Table 1. Comparison of ADRV9009 Optimized PDN to the 
Current PDN

Current PDN as 
Shown in Figure 1

Optimized PDN as 
Shown in Figure 7

Improvement of the 
Optimized PDN from 

the Current PDN

Component Area 

148.2 mm2  
  

104.0 mm2    

29.8%

Overall Efficiency

65.7% 

   
69.9% 

   
4.2%

Power Loss

3.8 W 

   
3.2 W 

   
0.6 W

To validate the efficacy of this optimized power solution—in terms of systematic 
noise performance—a phase noise measurement is performed. The optimized 
solution in Figure 7 is compared to the control case—an engineering release 
version of the ADRV9009 evaluation board, namely the AD9378 evaluation board 
using the PDN shown in Figure 1. The same board is used, but with the PDN 
as shown in Figure 7, and the phase noise results were compared. Ideally, the 
optimized solution meets or exceeds the data sheet reference graphs.
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Figure 8. An AD9378 phase noise performance comparison between an ADP5054 and a 
µModule device’s PSU taken at LO = 1900 MHz, PLL BW = 425 kHz, and stability = 8.

Figure 8 shows the phase noise results of the AD9378 evaluation board with the 
standard ADP5054-based power supply compared to the results from the same 
board using a power supply based on the LTM8063 and LTM8074. The µModule 
power solution has slightly better performance of around 2 dB vs. the ADP5054 power 
solution. As seen in Figure 8 and Table 2, measurement results for both power solu-
tions are significantly lower than the data sheet specs due to the use of a low phase 
noise signal generator for the external local oscillator.

Table 2. Phase Noise Measurement Result at LO = 1900 MHz

Offset Frequency 
(MHz)

Phase Noise (dBc/Hz)

Data Sheet 
Specifications

Evaluation Results

ADP5054 LTM8063 and LTM8074

0.1 –100 –137.74 –137.77

0.2 –115 –143.16 –143.32

0.4 –120 –147.37 –147.20

0.6 –129 –149.02 –149.04

0.8 –132 –151.81 –151.96

1.2 –135 –151.73 –151.22

1.8 –140 –153.97 –153.76

6 –150 –155.10 –154.80

10 –153 –154.51 –154.36
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Figure 7. An optimized PDN for an ADRV9009 transceiver using LTM8063 and LTM8074 µModule regulators.
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The transceiver’s SFDR measurement using both power solutions, as shown in 
Table 3, shows comparable performance for both power solutions, except for 
LO = 3800 MHz where ADP5054’s switching ripple starts to produce modulation 
spurs on the carrier signal output spectrum, as seen in Figure 9.

Table 3. ADRV9009 Transceiver SFDR Performance 

LO Frequency 
(MHz)

SFDR (dBc)

Data Sheet 
Specifications

Tx1 Tx2

ADP5054 LTM8063 and 
LTM8074 ADP5054 LTM8063 and 

LTM8074

800 70.00 86.03 86.95 86.62 86.63

1800 70.00 85.94 87.30 86.01 85.90

2600 70.00 85.98 86.01 85.50 85.78

3800 70.00 73.87 77.42 73.93 77.31

4800 70.00 71.44 71.98 71.10 71.82
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Figure 9. Transmitter 1 carrier signal and spurious frequency due to power supply switching 
frequency. The measurements were taken at LO = 3800 MHz, Fbb = 7 MHz, –10 dBm.

Conclusion
Different requirements for various applications could demand further improve-
ment or changes in the power distribution networks of the evaluation boards. 
Being able to quantify the noise requirements of signal processing ICs provides a 
more effective way of designing its power supply or even just optimizing the exist-
ing power solution. For high performance RF transceivers such as the ADRV9009, 
setting up noise injection in the PDN to identify how much power supply noise is 
tolerable helped us make improvements in space requirements, efficiency, and, 
critically, thermal performance over the current PDN. Keep following this power 
system optimization series for succeeding entries.
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