Application Note
Oscillator Power Considerations for PLL Devices

i3 TEXAS INSTRUMENTS

Jennifer Bernal Clock and Timing Solutions
ABSTRACT

An oscillator with poor power supply noise rejection (PSNR) is vulnerable to noisy supplies and can degrade

the phase noise at the both the oscillator output and the analog phase locked loop (APLL) output. Oscillators,
such as the LMK6Cx and CDC6Cx, simplify power supply design by integrating LDOs. Enhancing the oscillator
supply filter further reduces the output clock phase noise. For systems with limited power supply flexibility,
high-performance network synchronizers, like the LMK5B33216, allow low-jitter clock generation even with noisy
supplies by using the internal LDO to power the oscillator. Additionally, the BAW-based jitter cleaner enables an
APLL configuration with a narrow loop bandwidth, minimizing the impact of the oscillator on APLL output clocks.

Table of Contents

I T2 e Yo [T T £ o o TSP PR 2
2 Impact of Oscillator Noise on PLL PerfOrManCe.................oooouiiiiiiiiiiiii ettt e e e et e e e e e eataeeeeeaeanes 3
3 Consideration #1: XO PSNR....... ..ottt e e e e ettt e e sttt e e e et ee s aaeeeeasteeeanseeeenteeeanseeeaseeeaaneeeeanseeeeaneeeennnes 4
4 Consideration #2: XO SUPPIY Filter...............oo et e e ettt e e st e e st e e e ste e e anneeesseeeeanteeeaneeesnnaeeean 5
5 CoNSIAeration #3: APLL LBW.........oo ittt et ettt e et e e st e e e ete e e saseeeamseeeaseeeeanseeeanseeeaanseeeanseeeanseeeeaneeeennnes 6
6 Test Results Across Different XO SUPPly Filters............ooooiiiiiii e e e sneee s 6
(ST =T S Y1 (U] TS SRRSO PSR OUPT 6
6.2 Impact on the Power SUPPlY PerfOrMEaNnCE. .........ocuiii ettt et e et e et e e st e e e nae e e sneeeeanteeeeneeeenneeeenn 7
6.3 Impact on the XO Phase NOISE PEOIMEANCE.............cooiuiiiiiiieeeee et e e e et e e e e e et be e e e e e eearaeeeaean 8
6.4 Impact on the PLL Phase NOISE@ PerfOrMaNCE. .........cc..uuiiiiiiiiiiiie ettt e et e e e e e e e e eabae e e e e e e nareeaeeeans 10
40 4 T2 11T T Y OSSR 12

List of Figures

Figure 1-1. Generic Block Diagram of @ Network SYNCRIONIZET............coiiuiiiiiii e 2
Figure 2-1. General Phase Noise Plot of a Network Synchronizer (DPLL and APLL) Output CIOCK...........ccceviiiereiiireniieeeen 3
Figure 3-1. Functional Block Diagram of LMKGC and CDCBC OSCiIllatOrs...........ccueieiuieeiiieeeeieesiiee et seee e e e e e s 4
Figure 4-1. TPS62913 Functional BIOCK DI@gIam.........ccciiueiiiiiiieiiiee et e eeee st e ettt e e e e st e e e tee e s emee e e snaeeeeseeeeenneaesnneeeeneeeennees 5
Figure 6-1. TPS62913 Power Supply Performance, CNr/ss VariEq. ... .....ooi ittt s e e 7
Figure 6-2. XO Phase Noise, Cngr/ss Varied, With TPSB62913 SUPPIY ... .veiiiiiieiiiie et e e 8
Figure 6-3. XO Test Setup With TPSB2913 SUPPIY . ...eiuuteiiiiieiiieeiiee et e e st e e e stee e s saeeeeseaeeeeseaeeeanseeesseeeaaneeeeaneeeaneeeeanneeeans 8
Figure 6-4. XO Phase Noise, Cygr/ss Varied, With LMKSB33216 SUPPIY....ceiiuiiiiieeiiee e e e eneeeenneee s 9
Figure 6-5. XO Test Setup With LMKSB33216 SUPPIY......cei ittt et e st e e s e e snee e e e eeeeeneeeesnneeas 9
Figure 6-6. LMK5B33216 Phase Noise, Cyrjss Varied, XO With TPS62913 SUPPIY....eeeeiiireiiieiieee e 10
Figure 6-7. LMK5B33216 Test Setup, XO With TPS62913 SUPPIY.....eeiiiiiieeiiieeeie et 10
Figure 6-8. LMK5B33216 Phase Noise, Cnr/ss Varied, XO With LMK5B33216 SUPPIY....ccoiueeeiiiieeiie e 11
Figure 6-9. LMK5B33216 Test Setup, XO With LMK5B33216 SUPPIY....cceitrieiiiieiiiiieeeieee e siiee e siee e e e e nneeeesneeee e 11
List of Tables
Table 3-1. PSNR Characteristics 0f CDCBC OSCillatOr...........oicuiiiiiiiieiteeiee ettt 4
Table B6-1. Parts USEd fOr TESHING........uueiii ittt et e ettt e e e e sttt e e e e e e sataeeeeeeasbeeeeaeeaasssaeeeaesssasseaesansssneeaeeannnres 6
Trademarks

All trademarks are the property of their respective owners.

SNAA399 — OCTOBER 2025 Oscillator Power Considerations for PLL Devices 1
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com/product/LMK6C
https://www.ti.com/product/CDC6C
https://www.ti.com/product/LMK5B33216
https://www.ti.com
https://www.ti.com/lit/pdf/SNAA399
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAA399&partnum=LMK5B33216,

13 TEXAS
INSTRUMENTS

Introduction www.ti.com

1 Introduction

An APLL is a clocking device used to generate output clocks that are synchronized to an input. Typically,

the APLL reference is provided by a crystal oscillator (XO), temperature-controlled oscillator (TCXO), or oven-
controlled oscillator (OCXO). Figure 1-1 illustrates a block diagram of a network synchronizer which consists of
a digital phase-locked loop (DPLL) and APLL pair. The APLL input clock provides the frequency accuracy and
stability of the PLL output clocks during free-run or long-term holdover.
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Figure 1-1. Generic Block Diagram of a Network Synchronizer

The close-in phase noise (< 10kHz offset) of the PLL outputs depends on the quality of the APLL reference (XO,
TCXO, or OCXO). The power supply of the APLL reference can also affect the quality of the output clocks. If the
supply is noisy, then the PLL output clock phase noise can degrade. The next sections explain how the oscillator
supply impacts the PLL performance and how to optimize clocking designs.

Note
For the remainder of this application note, the term "XO" is used for simplicity, but the concepts apply
to any XO, TCXO, OCXO, or other APLL reference clock source.
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2 Impact of Oscillator Noise on PLL Performance

Figure 2-1 shows the phase noise contributors of a network synchronizer output clock. Up to the APLL loop
bandwidth (LBW), the synchronizer output noise comes from the XO output noise and APLL noise. This means
APLL outputs are sensitive to XO noise below the APLL LBW (Marker B/C). The XO output noise typically
dominates the close-in phase noise of APLL outputs. For example, if the APLL LBW is set to 5kHz, then the XO
noise dominates the APLL output clock below the 5kHz offset. Above 5kHz, the APLL loop filter reduces the XO

noise. For devices with a DPLL, the XO noise and APLL noise dominate between the DPLL LBW and the APLL
LBW (between Marker A and B/C).

Configure the APLL with a wider LBW (> 10kHz offset) when the XO noise profile is better than the VCO noise to

mitigate the VCO noise. For most applications, where the XO noise is worse than the VCO noise, use a narrow
LBW (< 10kHz offset).

Power (dBc/Hz)

[, R

Output Buffer

A B C
Carrier Offset Frequency (Hz)
A. Marks the DPLL LBW (configurable between 1mHz to 4kHz on the LMK5B33216)
B. Marks the APLL LBW for the VCBO (configurable between 1kHz and 10kHz on the LMK5B33216)
C. Marks the APLL LBW for the LC VCO (configurable between 100kHz and 1MHz on the LMK5B33216)

Figure 2-1. General Phase Noise Plot of a Network Synchronizer (DPLL and APLL) Output Clock

For more details on PLL output clock phase noise, see the Phase Noise Profile section from the 112G and 224G
PAM4 SerDes Clocking for Rapid Data Center Switches application note.
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3 Consideration #1: XO PSNR

One important design factor for PLLs is the PSNR performance of the XO. The PSNR defines how much the XO
output is affected by the supply noise. An XO with a poor PSNR can cause higher noise and worsen the PLL
output noise.

A recommended practice is to use an XO with a good PSNR or integrated LDO. For example, the LMK6C and
CDC6C oscillators include an internal LDO and have excellent PSNR, as shown in Figure 3-1 and Table 3-1.
Using an oscillator with these features reduces the supply noise and provides a low-noise output clock. This
approach is beneficial for early design stages or systems where the supply filter cannot be changed.

VDDAJJ* Condtionin BAW
9 Frequency » 1 » CLK
"| Divider i
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driver

Output/Chip T
Control Logic
Frequency Control Temp L GND
Logic Sensor

y

OE/ST/NC —1—]

Figure 3-1. Functional Block Diagram of LMK6C and CDC6C Oscillators

Table 3-1. PSNR Characteristics of CDC6C Oscillator

Power Supply Ripple Frequency!(") [kHz] Induced Spur, TYP [dBc]
LMK6C cDce6C
50 —72 -80
100 -71 =75
500 -70 -63
1000 -69 -59

(1)  Spurinduced by 50mV power supply ripple applied to 50MHz LVCMOS output clock, VDD = 2.5V (LMK6C) or 2.5V/3.3V (CDC6C), no
power supply decoupling capacitor

Alternatively, the LMK5B33216 can power an external XO to deliver low jitter outputs with noisy supplies.

The LMK5B33216 is a network synchronizer and jitter cleaner with three DPLL and APLL pairs. Each VDD

and VDDO pin includes an internal LDO, which improves the PSNR and minimizes output noise. Pin 22
(CAP1_APLL2) is the LDO output of APLL2 that can be used to power the XO, providing nominal 2.65V nominal
and sourcing up to 20mA.

Test data on the Impact on the XO Phase Noise Performance using the LMK5B33216 is discussed in the
respective section. The results show that CAP1_APLL2 has exceptional PSNR and provides a low jitter XO
output regardless of the supply filter.
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4 Consideration #2: XO Supply Filter

Another key factor is the power supply filter (such as capacitors, ferrite beads) used for the XO. Without proper
filtering, the XO phase noise can degrade.

A power supply with a noise-reduction (NR) pin is recommended to lower XO supply noise. The supply can

be an LDO or a switching DC/DC converter IC. The NR pin is necessary to connect a bypass capacitor to the
supply voltage reference. Low-frequency (< 10kHz) noise is reduced with the RC filter formed from the bypass
capacitor. In many Tl power supplies, the capacitor is labeled as Cygr/ss and sets the soft-start (SS) time. As an
example, the TPS62913 is a DC/DC converter that has an NR pin available. Figure 4-1 shows the block diagram
and highlights the NR pin.

Test data on the Impact on the Power Supply Performance and Impact on the XO Phase Noise Performance is
discussed in the respective sections. The results show that a properly designed XO supply yields the best RMS
jitter performance.
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Figure 4-1. TPS62913 Functional Block Diagram
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5 Consideration #3: APLL LBW

Another best practice is to use a high-performance PLL with a narrow LBW, such as the LMK5B33216, to reduce
the impact of noisy XOs on PLL outputs. For further optimization, compare the noise profile of the XO, APLL,
and VCO to determine the best APLL LBW setting.

The device can generate 156.25MHz outputs with 47fs typical RMS jitter using the Voltage Controlled BAW
Oscillator (VCBO). Low noise outputs are achieved by operating the APLL with a narrow LBW, enabling the
VCBO to dominate at phase noise offsets > 8kHz. Because of the VCBO, the device can use a high-jitter XO
without degrading the PLL output jitter across 12kHz to 20MHz.

Test data on the Impact on the PLL Phase Noise Performance is discussed in the respective section. The
results show that a narrow LBW setting yields the best RMS jitter performance when working with noisy XOs.
Alternatively, clean XO outputs can be achieved regardless of the loop bandwidth when using the LMK5B33216
to power the XO.

6 Test Results Across Different XO Supply Filters

The following subsections provide test results for the three test conditions:

1. Different XO supply filters to see the Impact on the Power Supply Performance.
2. Different XO supply filters to see the Impact on the XO Phase Noise Performance.
3. Different XO supply filters to see the Impact on the PLL Phase Noise Performance.

6.1 Test Setup

For each test, the Cnr/ss value is adjusted to model different XO supply filters. Each value creates a unique XO
noise profile. Table 6-1 lists the devices used in the tests.

Table 6-1. Parts Used for Testing

e Input Supply Output Supply Output Clock
Vendor Part Number Description Voltage (v) Voltage (v) Swing (v) Frequency [MHz]
Tl TPS62913 DC/DC Supply 12 3.3 — 2.2 (fsw)
TXC 8W48070009 X0 1.8t03.3 — 3.3 48 (fouT)
Network
Tl LMK5B33216 Synchronizer 3.3 — 0.8 (Von~ Vou) 156.25 (fout)
6 Oscillator Power Considerations for PLL Devices SNAA399 — OCTOBER 2025
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6.2 Impact on the Power Supply Performance

The best XO and PLL output performance is achieved by properly designing the XO supply filter to reduce
low-frequency noise. Figure 6-1 illustrates the output power noise density across different noise profiles. When
the XO supply filter is missing (no Cyr/ss), the noise increases significantly between 100Hz and 100kHz. With
the recommended 470nF filter value, the supply noise improves to 4.6uV/VHz.
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The data is collected with a supply input voltage of 12V and an output voltage of 3.3V.
The noise is measured after the ferrite bead filter of Vot from TPS62913.

Figure 6-1. TPS62913 Power Supply Performance, Cyr/ss Varied

SNAA399 — OCTOBER 2025 Oscillator Power Considerations for PLL Devices 7
Submit Document Feedback
Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SNAA399
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNAA399&partnum=LMK5B33216,

I3 TEXAS
INSTRUMENTS
Test Results Across Different XO Supply Filters www.ti.com

6.3 Impact on the XO Phase Noise Performance

The effect of the XO supply filter is further examined by measuring the phase noise of the XO output clock.
Figure 6-2 illustrates the phase noise across different noise profiles and Figure 6-3 provides the measurement
setup. The RMS jitter more than doubles with little to no supply filtering. With the recommended 470nF filter
value, the XO phase noise floor improves by 20dB across 1kHz to 100kHz offsets.

-40
-50 CNR/ss = 470nF
-60 —— CnNRy/ss = 100nF
< -70 — Cnr/ss = open
S -80
S -90
o -100
;o
g - \
N 130 w
£ -140 \ . NEAL]
§ -150 X ™ ’\
-160 ;th ~ by
-170 L " »
-180
1 10 100 1k 10k 100k 1M 10M
Carrier Offset Frequency (Hz)
Cnriss (nF) RMS Jitter (Typical) Across 12kHz to 20MHz (fs)
470 62
100 152
0 (open) 158

Figure 6-2. XO Phase Noise, Cyr/ss Varied, with TPS62913 supply
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Figure 6-3. XO Test Setup With TPS62913 Supply
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Test Results Across Different XO Supply Filters

Low-noise XO outputs can be achieved regardless of the supply filter by using the LMK5B33216 to power the
XO. Figure 6-4 shows the XO phase noise when powered by the LMK5B33216 and Figure 6-5 provides the test

-40
50 bé\
.60 |\

setup.

Normalized Power (dBc/Hz)

—— CnNRy/ss = 470nF
— CNR/SS =100nF
—— CnNRr/ss = open

1 10

100

1k

10k 100k ™M 10M
Carrier Offset Frequency (Hz)

Cnriss [NF] RMS Jitter (typ) Across 12kHz to 20MHz [fs]
470 61
100 61
0 (open) 61

Figure 6-4. XO Phase Noise, Cyngr/ss Varied, With LMK5B33216 Supply
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Figure 6-5. XO Test Setup With LMK5B33216 Supply
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6.4 Impact on the PLL Phase Noise Performance

Figure 6-6 demonstrates that RMS jitter is minimally affected by a noisy XO supply (Cnr/ss = open) when the
APLL has a narrow APLL LBW. Figure 6-7 provides the measurement setup. The PLL output noise further
improves (by 20fs) when a proper XO supply filter is used.

-40
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60 — CNR/SS= 470nF, LBWBAWAPLL= 10kHZ
B — CNR/SS= 100nF, LBWBAWAPLL= 49kHZ
< -70 — CNR/SS= 100nF, I—BWBAWAPLL= 10kHz
% -80 Chriss= open, LBWgawap = 4.9kHz
[aa] —— Cyriss= open, LBWoegawap = 10kHz
T -9
= !
z \,
o -10
g o]
CINJ -120 \ii ‘..m
g 130 NN
5 -140 R\
=
-150
-160 =ar
-170
1 10 100 1k 10k 100k ™M 10M
Carrier Offset Frequency (Hz)
Cnrsss (nF) LBWgaw apLL (kHZz) RMS Jitter (Typical) Across 12kHz to 20MHz (fs)
470 4.9 54
470 10 56
100 4.9 54
100 10 56
0 (open) 4.9 62
0 (open) 10 75

Figure 6-6. LMK5B33216 Phase Noise, Cygr/ss Varied, XO With TPS62913 Supply
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Figure 6-7. LMK5B33216 Test Setup, XO With TPS62913 Supply
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Low-noise PLL outputs can be achieved regardless of the supply filter or loop bandwidth setting by using

the LMK5B33216 to power the XO. Figure 6-8 shows the LMK5B33216 phase noise when powered by the
LMK5B33216 and Figure 6-9 provides the test setup. The results show the negligible impact on PLL output jitter
(between 12kHz and 20MHz offsets) when using a poor supply filter.
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Figure 6-8. LMK5B33216 Phase Noise, Cygr/ss Varied, XO With LMK5B33216 Supply
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Figure 6-9. LMK5B33216 Test Setup, XO With LMK5B33216 Supply
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7 Conclusion

The XO supply noise plays a major role in PLL clocking designs. The XO PSNR, XO supply filter, and the APLL
LBW, strongly affect the PLL output phase noise. XOs with an integrated LDO, such as CDC6C or LMK6C, are
highly recommended when a noisy XO supply cannot be avoided. PLLs with an integrated BAW VCO, such as
the LMK5B33216, can be used with a narrow LBW to mitigate the XO noise impact. For seamless designs, use

the LMK5B33216 to power the external XO and generate low jitter outputs regardless of the XO PSNR, supply
filter, and APLL LBW.
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