Application Report
SCAA115—February 2012

TeEXAS
INSTRUMENTS

Phase-Noise and Jitter Performance of CDCLVC1310
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ABSTRACT

Clock jitter is a crucial factor for the overall system performance in today’'s high-end systems like data
communication, wired and wireless infrastructure and other high-speed applications. While distributing
low-jitter clock sources, maintaining the best possible clock jitter over the distribution network to achieve a
required system jitter. While distributing low jitter clock sources it is of highest interest to maintain the best
clock jitter possible over the distribution network to achieve a required system jitter.

To drive other devices from a clock source with usually restricted driving capability, a buffer on a clock
signal path must be added. As system requirements tighten, a question arises: does a simple buffer added
on a clock line worsen the clock jitter somehow, and if yes, what kind of values should be considered?

This application report presents and focuses on phase-noise measurements of the CDCLVC1310 as a
clock buffer with signal-level translation and as a crystal buffer. In addition, the differences between noise
floor, additive jitter and system-level additive jitter are explained.
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1.1

1.2

Introduction

This report presents data demonstrating the ultra low phase noise outputs of the CDCLVC1310. The test
results were obtained under nominal conditions: clean power supply, room temperature and no other noise
source near the device under test, such as close-by integrated circuits.

The CDCLVC1310 is a highly-versatile, low-jitter, low-power clock fanout buffer distributing one of three
inputs to ten low-jitter LVCMOS clock outputs. The primary and secondary inputs on the device feature
differential or single-ended signals and a third input adds a crystal input. Such a buffer is intended for use
in a variety of wireless and wired infrastructure, data communication, computing, low-power medical
imaging and portable test and measurement applications. The input is fail-safe proved and translates any
illegal input level into a defined output state. The core can be set to 2.5 V or 3.3 V and the output can be
setto 1.5V, 1.8V, 2.5V or 3.3 V. The CDCLVC1310 is configured with pin programming. The overall
additive jitter performance is 30 fsgys (typ).

Definitions

Noise Floor is defined as the generated phase noise of the buffer if an ideal clock is attached to it. In this
application report, the noise floor was calculated from a phase-noise measurement with a very clean
signal generator as the input source. The output phase noise was subtracted by the input phase noise to
simulate the input with an ideal clock source.

Additive Jitter is defined as the added amount of jitter to the input signal caused by the device itself and
- _ 2 )

can be calculated as hms,add = \/Jrzmsyout ers,|n_ It assumes that the noise processes are random and
the input noise is not correlated to the output noise. Additive jitter must be measured with a clock source
where phase noise is below the noise floor of the buffer itself.

System-Level Additive Jitter is defined as the rms phase jitter contribution of the buffer on a system
level (Jims systviaddsit = Jrms.out — Jrms;in)- ON @ system level, the input noise is usually higher than the noise floor
of the device so the linear addition method is used to calculate the jitter contribution.

Guideline: Additive Jitter or System-Level Additive Jitter?

In all implementations of clock distribution trees, the total timing budget is important. For the total timing
budget calculation either additive jitter or system-level additive jitter has to be considered.

If the noise floor of a system or a clock tree is already higher than the noise floor of the CDCLVC1310,
system-level additive jitter has to be considered. That is the case if the input source noise floor is similar
(not less than 3 dB smaller) or higher than the buffer noise floor (-164 dBc/Hz) as in general-purpose clock
generators.

In case of a system noise floor which is lower as the noise floor (-164 dBc/Hz) of the CDCLVC1310,
additive jitter has to be considered. This is the case if an OCXO is used as input source or if the input
noise floor is less than 3 dB smaller than the buffer noise floor.

Other data sheets often report additive jitter measured under the system-level additive jitter condition. This
will reflect smaller and misleading additive jitter numbers that cannot be compared with TI's additive jitter
numbers.
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Test Setup

Table 1. Guideline: Additive Jitter or System-Level Additive Jitter?

Input Noise Floor for
CDCLVC1310

Additive Jitter

System-Level Additive Jitter

Less than -164dBc/Hz

X

Greater than -164dBc/Hz

2 Test Setup

The block diagrams of the test setup are shown in Figure 1, Figure 2 and Figure 3. In all three
configurations the Agilent E5052 was used as a phase-noise analyzer. All measurements were taken on

the CDCLVC1310 EVM with nominal supplies and at room temperature.

The input signal of the system-level additive jitter measurements was generated by the cascade of a
signal generator SMA100A and a pulse generator HP8133A. This ensures an input signal with an rms

phase noise of roughly 180 fs.

Pulse Generator

Power Supply
HP E3631A

HP8133A

Signal Generator
SMA100A

DUT:
CDCLVC1310

PhaseNoise
Analyzer
Agilent E5052

Figure 1. Test Setup for System-Level Additive Jitter Measurements

The additive jitter measurements were done with the Signal Generator SMA100A and with two oven-

controlled crystal oscillators (OCXOs) at different frequencies.

:_ OCXO:

| ValpeyFisher VFOV110_ _ _ _
Or ]

| Vectron OX-4051 |

e 2

Signal Generator
SMA100A

Power Supply
HP E3631A

b 4

DUT:
CDCLVC1310

PhaseNoise
Analyzer
Agilent E5052

Figure 2. Test Setup for Additive Jitter Measurements

The phase-noise performance of the crystal oscillator was measured with the standard 25-MHz crystal
resonator which is mounted on the CDCLVC1310 EVM.
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L1
R

Power Supply
HP E3631A

DUT:

CDCLVC1310

PhaseNoise
Analyzer
Agilent E5052

Figure 3. Test Setup for Crystal Oscillator Phase-Noise Measurements

3 Clock Buffer Jitter Measurements

Section 3.1 shows a phase-noise plot and summary of the system-level additive jitter measurements made
on the CDCLVC1310 at an input frequency of 125 MHz. Section 3.2 shows the summary of the additive
jitter and the noise-floor measurements. Section 3.3 shows the impact of slew rate on additive jitter.

3.1 System-Level Additive Jitter

Table 2 lists the system-level additive jitter values of the CDCLVC1310 with different supply voltages.
Figure 4 shows the phase-noise plot of the measurement at a supply voltage of Vpp = Vppo = 3.3 V.

The system-level additive jitter measurements show there is only a negligible amount of jitter added from
the CDCLVC1310 to high phase-noise inputs.

Table 2. System-Level Additive Jitter at 125 MHz

Voo/Voso SUpply Range Input rms[fPSt]]ase Jitter Outp‘;JitnreT?f;hase Systenj]-ilgti\?e[lfgdditive
3.3V/3.3V 182.1 183.8 1.7
3.3V/i25V 182.1 187.1 5.1
3.3V/18V 182.1 185.5 3.4
3.3V/15V 182.1 194.4 12.6
25V/25V 183.5 214.5 31.1
25V/18V 183.5 212.9 29.5
25V/15V 183.5 221.0 37.6
4 Phase-Noise and Jitter Performance of CDCLVC1310 SCAA115-February 2012
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#Phaze Noise 10,00dB/ Ref -120.0dBc/Hz

70,00 Carrier 124.99998F MHz 18,5018 dbr
: 1: 1 kHz —122.1647 dBc/Hz
2: 10 kHz -141.6774 dBc/Hz
3 100 kHz -149.3880 dBc/Hz
4 1 mHz -152.1738 dBc/Hz
80,00 5: 10 MHz — —152,9288 dBc/Hz
=61 20 MHZ -153.1258 deBc/Hz
¥: 5tart 12 kHz
STop 20 MHz
center 10.008 MHz
-90.00 Span 19,388 MHzZ

===_noise ===
Analysis Range x: Band Marker
analysis Range v: Band marker
Intg Moisa: -79.8235 dBc / 19.89 MHz
-100.0 RMS Woise: 144.324 prad
8. 26817 mdeg
RMS Ditter: 183.75% fsec
Residual FM: 1.58856 kHz

1100
-120.0M
1200

-140.0

-1E0.0 W

3
3 3
1600
o 3 TE Eal ]

Phase Noise | Start 1 kHz stap 40 MHz ISR |
y ] 06-16 14:10

Figure 4. Input Phase Noise (182.1 fs, Light Blue) and Output Phase Noise (183.7 fs, Dark Blue)

3.2 Additive Jitter and Noise Floor

Table 3 lists the additive jitter capability of the CDCLVC1310 in a frequency range of 12 kHz to 20 MHz.
Figure 5 shows an example of the measured phase noise profiles. These phase-noise measurements
were also used to calculate the noise floor of the CDCLVC1310 (see Table 4).

Table 3. Additive Jitter at 125 MHz Over Vpp/Vppo Supply Ranges

Voo/Vopo Supply Range Input rms[fF;r]]ase Jitter Outp;ttt:erpffghase Additive Jitter [fs]
3.3V/33V 74.4 90.2 51.0
3.3V/i25V 74.4 91.8 53.6
3.3V/i18V 74.4 97.9 63.7
3.3V/i15V 74.4 106.9 76.8
25VI25V 76.5 134.8 111.0
25V/i1.8V 76.5 140.1 117.4
25VI1L5V 76.5 146.1 1245
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—_iﬂo'!-:a- e ” L
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mﬂ;:n u:.rE. ¥e Full Eags
Inkg Hoves: -8F.0302 dbic /| 19.69 Mz
EWG Movmes P0.5597F parad

3 4,27 mdeg
RME Jitterr 89.23% fiec
Rasidial FMs 7EZ.3E3 HE

1% dim

Figure 5. Input Phase Noise (73 fs, Light Blue) and Output Phase Noise (89.8 fs, Dark Blue)

Table 4. Noise Floor at 125 MHz

Phase Noise [dBc/Hz] fofiset [HZ]

Voo/Vooo Supply Range 10 k 100 k 500 k 1M 10M 20 M
3.3V/33V —145 -156 -161 -163 -164 -164
25V[25V -134 -146 -153 -155 -159 -160

The additive jitter measurements were repeated with an 80-MHz and a 100-MHz OCXO. This confirms
that the calculated noise floor in Table 4 is correct. Both measurements show a noise floor of —164

dBc/Hz.

The OCXOs are from different vendors:
» 80 MHz: ValpeyFisher VFOV110

e 100 MHz: Vectron OX-4051

Figure 6 and Figure 7 show the input phase noise provided by the two OCXOs and the output phase noise

generated by CDCLVC1310.
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I »Phase moise 10,00dBf Ref -30,00dEC/Hz
a0.00 r Carrier 79.999849 MHz 9.2434 dEm
' 1: 10 Hz -82.6507 dBC/HZz
20 100 Hz -115. 2120 dBcs/Hz
40,00 31 kHz -135,9433 dBc/HE
4 10 kHz -145, 7126 dec/He
=51 124.068% kHz -156,5206 dBc/Hz
-50.00 a1 MHz =161, 5820 dBc/Hz
=:ostart 12 kHz
Stop 20 MHzZ
-60.00 Center 10,006 MHz
Span 19,9688 MHz
E === NOise ===
o Analysis Range x: Band Marker
Analysis Range ¥: Band Marker
20,00 Intg Moise: S90. 5785 dBc /19,99 MHZ
f RMS Nofse: 41.84 prad
2.39725 mdeg
-90.00 RMS Jitter: 83.238 fsec
Residual FMi 429,228 HE
-100.0
-110.0
-120.0 >
-130.0
-140.0
-150.0 4 5
-150.0 L
-170.0 :d
-120.0
1900 25 i & iy I o e 104
IF Gain S0dB LO Ot [<150kHz 81ldpts

Figure 6. Phase Noise: 80-MHz OCXO (24.9 fs, Light Blue) and Output (83.2 fs, Dark Blue)

FPhase Moise 10,004 Ref -140.0dBcHz [Smo]
~a0,00 r Carrier 1000001584 MHz  “FRE7ME dBm
! X: Start 10 kHz
Stop 20 WH=z
Center 10.005 MH=
-100.0 Spart 1232 MH=
== Moize
Aralysis Range X: Band Marker
Aralysis Range ¥: Band Marker
-110.0 Intg Moise: -S7.4506 dBc ¢ 19.69 MHz
RMS Modse: 52.9772 prad
) 3.43645 mdeg
1200 EMEZ Jitter: 35.457 f=ec
' Feszidual FM: 539.548 Hz
-130.0
-140.0
-150.0
-1e0,0
-170.0 S
-1a0.0
1900 403 13 10k 10ak i 10
| IF Gain S0dB Freq Band [99M-1.55Hz] | St L Opt [=i50kHz] | F2dpts |

or § bl O JPove 3.3Y | Atkn 10dB JExtRef §Stop

Figure 7. Phase Noise: 100-MHz OCXO (42.66 fs, Light Blue) and Output (95.4 fs, Dark Blue)
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3.3 Slew-Rate Impact on Noise Floor

Figure 8 shows the impact of different slew rates on the additive jitter and system-level additive jitter
performance.

— Additive Jitter
System level Additive Jitter

A - Additive Jitter - fs
;/

A - System Level Additive Jitter - fs

\ 2
\
\
-
1 o 1
0 0
0.9 1 11 1.2 1.3 1.4 1.5 1.6

Slew Rate - V/ns
Figure 8. Additive Jitter and System-Level Additive Jitter Impact vs. Slew Rate

4 Crystal Oscillator Phase-Noise Measurements

Section 4.1 shows a summary of the phase-noise measurements of the CDCLVC1310 used as a crystal
buffer. Section 4.2 shows the measurement results. The measurements were taken with the standard
CDCLVC1310 EVM with a 25-MHz Crystal from ECS Inc. The load capacitance was removed.

The measurement proves that the CDCLVC1310 has an ultralow noise floor of -169 dBc/Hz at 100-kHz
offset when used as a crystal buffer.

4.1 Performance Measurement Summary

Table 5 summarizes the phase-noise measurements of the CDCLVC1310 in crystal-buffer mode. It shows
the phase noise between a frequency offset of 100-Hz and 5-MHz and the rms phase jitter in a frequency
band of 10 kHz to 5 MHz. The measurements were taken with different V/Vypo COmbinations.

Table 5. Crystal Oscillator Phase-Noise Performance with 25-MHz Crystal Resonator

Phase Noise [dBc/Hz] fofiset [HZ] Rms Phase
Jitter [fs]

Vpo/Vopo Supply Range 100 1k 10k 100 k 1M 5M 10 kHz - 5 MHz
3.3V/33V -118.2 -138.3 -159.8 -169.2 -170.1 -170.1 64.8
3.3V/i25V -118.4 -138.3 -160.3 -168.4 -170.2 -170.1 65.2
3.3V/18V -118.6 -138.3 -159.7 -167.4 -169.1 -169.8 71.4
3.3V/l5V -118.3 -137.7 —158.0 -165.8 -168.5 -169.0 79.1
25V/25V -1135 -134.9 -154.9 -165.1 -166.4 -166.6 98.1
25V/18V -113.6 -134.9 -155.1 -164.3 -165.9 -166.4 101.9
25V/15V -113.2 -134.7 -154.0 -163.2 -165.6 -165.8 109.7
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4.2 Measurement Results

Figure 9 through Figure 12 show the measured results for output phase noise with different Vpp/Vppo

combinations.

FPhase Moise 10.00dBS Ref -120,0dBc/Hz [Sma]

80,00
90,00
-100,0
-110.0
-1200

-120.0

-150.0

Center 2.508 MHz
Span 4.928 MHz
Motse =——

alwsis Range W1 B
g Noisze: -102.35
% MNodze: 10.1803

53,287

k! _J'itter‘: 15 =
idual| FM: [28.725

r Carrier 25,00437 1 MHz 9.905F 4B

100 Hz -115,1511 dBc/Hz
1 kHz =135,2905 dBc/Hz
10 kHz -159,7864 dBcsHz
108-kHz 1692396 dBcrHz
1 MH=z -170.0440 dBcfHz
S MHz -170.1254 dEcsHz
Start 12 |kH=z

Stop |5 MHz

'L'IyS'ls Range [%: Band Mar‘ker‘

and M
51 dB
prad
peleg
fsec
2 Hz

ker
- _."' 495858 MHz

-160.0
[
-170.0 ¥
4 3
800 g E Fiy e s pic) &

IF tain 50d8 | Freq Band [10M-41MHz] |

att 10 Hz

Figure 9. 25-MHz Xtal Output Phase Noise at Vpp = Vppo = 3.3V
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FPhaze Moise 10,00dB) Ref -120.0dBcHz [Sma]
2000 r Zarter 25004274 MHz 2,235 e m
! 100 Hz -115.3392 dBcAHz
1 kH=z -137.7122 dBcrHz
10 |kHZ -=157.9933 dBc/Hz
-90.,00 100—kHz {165+ 7847 - dBcsHz
1 MWH=z =165 .5143 dEcsHz
& MH=z k—169.|331? dBcAHz
Start 12 |kH=z
-100.40 Stop § MHz
Center | 2.508 MHz
Span 4.988 MHz
1100 Noise |=—
alyzis Raﬂge H; Band Mar‘ker‘
glwsiz Range ¥: Band M
g Nodsze: -101.124% dBl: f' 4 225 MHz
-1z0.0 ¢ 5 Modse: 12.4245 prad
711.5858 pdeg
1 1itter: 79055 fzec
2idual| FM: |33.0714 Hz
-130.0
-140.0
-150.0
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[
-170,0 a
5
A0 g i) Fi i jFio] pi r
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A Cor | Chrl 04 JPowe 3,34 JAbkn OdB JExtRef | Stop

Figure 10. 25-MHz Xtal Output Phase Noise at Vpp = 3.3 V, Vg =

15V
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FPhaze Moize 10,004B1 Ref -120.0d4BciHz [Sma]
a0 r Cattier 25004258 MHz 74603 dEM
' 100 Hz || H113.5077 dEd/Hz
1 kHz -134.5859 dec/Hz
10 kHz || -154.9152 dBcsHz
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-100.0 Stop 5 MHz
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-110,0 e =
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1lyziz Range ¥: Band Markar
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-120,0 M & Hodse: 15,4162 prad
| 5%3.2865 pdeg
Jitter: 98.126 fzec
Tdual FM: [42.3134 H=z
-130,0
-140,0
-150.,0
-160.,0 4
v
-170.0 4 ;
A0 45 ffar Ficy i iy piry r Y
| IF tGiain S04B Freq Band [100-41MHz] | LD Cpt [=150kHz] |

Cor JCeel 0% | Powe 3.3Y JAkkn 5dB | ExkRef |Stop

Figure 11. 25-MHz Xtal Output Phase Noise at Vpp = Vppo = 2.5V
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80,00 r Carvier 25004257 MHz 2337 dEm
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1 kH=z -134.7224 dBc/Hz
10 kH=z -154.0132 dBcsHz
90,00 100-kHz — -163. 2423 dBcrHz
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-100.0 Stop § MHz
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-1 e =
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-120.0 L Moizer 17.2226 prad
| 927 .356 pdeg
Iqtter: 105.5858 fsec
iduall FM: 45.9808 Hz
-120.0
-140.0
-150.0
-160.0 i
W
3
-170.0 5
1800 45 i) & iy 186E pii r 9

Freq Band [100-41MHz] |

IF Gain S04B
e |

= [

L Opt [ =150kHz] |

736pts |

CHESEN 1010

Figure 12. 25-MHz Xtal Output Phase Noise at Vpp = 2.5V, Vppo =15V

5 Conclusion

This report demonstrates the ultra low jitter performance of the CDCLVC1310. The device shows a
phenomenal phase-noise performance of —170 dBc/Hz in crystal-buffer mode.

5.1 References

1. CDCLVC1310 Evaluation Module (SCAU046)

2. CDCLVC1310 Datasheet (SCAS917)
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