RENESAS Application Note

RC22504A and RC32504A: Using FemtoClock 2 for High Bandwidth Jitter
Attenuation

1. Introduction

The RC32504A has a digital PLL (DPLL) for jitter attenuation with very low bandwidths, below 1Hz. The analog
PLL (APLL) alone also can attenuate jitter but at higher bandwidths, like 500KHz. Every synthesizer essentially
provides a jitter attenuation because of the loop bandwidth of its PLL. While the RC22504A synthesizer is not
called out as a jitter attenuator, it will effectively attenuate jitter with relatively high loop bandwidth between
500KHz and 1MHz (compared to the RC32504).

The differential clock input can be programmed to drive the DPLL or the APLL. When operating as a high
bandwidth jitter attenuator, the differential clock input will drive the APLL.

The advantage of “high bandwidth” jitter attenuation is that it does not need a crystal. This makes it an easier,
smaller, and less expensive solution. The differential clock input on both the RC22504A and RC32504A is very
flexible. Logic types including LVDS, HCSL, and LVCMOS can connect directly to the clock input without the
need for external components. When AC coupling into the clock input, almost any signal type will work. The
clock input has programmable features like termination and DC bias.

2. When is “High Bandwidth” Jitter Attenuation the Best
Solution?

Clock generators with a lot of outputs at a variety of different frequencies often suffer from crosstalk between the
outputs. Crosstalk between outputs at different frequencies causes spurious modes in the phase noise of these
outputs, affecting the phase jitter of the outputs. Often these spurious modes are above 1MHz offsets; this is
when “high bandwidth” jitter attenuation is most useful.

An example of a clock generator with a multitude of outputs is Renesas’ ClockMatrix product family. When the
crosstalk between outputs is managed with “high bandwidth” jitter attenuation, the phase jitter in ClockMatrix
outputs can be as low as 100fs. Most applications require a variety of different frequencies which can induce
spurs resulting in phase jitter as high as 150 to 200fs. Inserting an RC22504A into a clock path with 150 to 200fs
of phase jitter caused by > 1MHz spurs can improve the phase jitter often to below 100fs.

“High bandwidth” jitter attenuation is effective when the phase jitter of a clock would have been acceptable if it
was not for spurious modes or other noise at greater than 1MHz offsets from the carrier.
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3. Measurement Results with ClockMatrix

The following measurements show the results when using an RC22504A filters a clock output on ClockMatrix.
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Figure 1. Phase Noise of a 156.25MHz Clock from ClockMatrix

There are a number of spurs above 1MHz offset. Also note the noise floor level at 40MHz offset.
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Figure 2. Phase Noise of a 156.25MHz Clock after “Hi BW” Jitter Attenuation with an RC22504A

Phase jitter improves from 138fs to 88fs when using an RC22504A to attenuate > 1MHz spurs. Another
significant contributor to the phase jitter improvement is the lowering of the noise floor at 40MHz with 10dB.
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Figure 4. Phase Noise of a 125MHz Clock after “Hi BW” Jitter Attenuation with an RC22504A

4 agilent E5052A Signal Source Analyzer

FPhaze Moise 10,0048 Ref -20.00dBcHz
2000 b r Carier 124997841 MHZ - 9FE12 dBm
- F 1z 100 Hz | | [Fl05.7405 dEcdiz
2 1 kHz -127.60384 dBc/Hz
-30.00 I 10 kHz  -137.8010 dBcHz
4: 100 kHz | -143.4716 dBc/Hz
40,00 1 MHz 1378798 dBc/Hz
3 10 WHz -LE7.5404 dEc/Hz
50,00 271 40 MHz | -1E4.1625 dEc/Hz
Xr Start 12 kHz
Stop 12.5 MHz
E0.00 Centar 6.256 MHz
Span 12.455 MHz
-7 == Nolzse ==
fralysis Range X: Band Markar
2000 fnalysis Range i Band Markare
Intg Moise: | -82.8482 dBc /) L2.P5 MHz
000 RMS Modsze: 101,854 prad
' . 5.6375 mdeg
RMS Jitter: 129.725 fsec
-100u0 Reziduzl FM: 490,169 Hz
00 &
-12000
-130.0
2
-1400,0
3
1500 4 {
1600
13
1700
R Fiy iy [Eig N Ly e
| 1F Gain Sode | Freq Band [39M-1.5GHz] L Spt [=150kHz] | Tadpts | Come 32

tart 100 Hz

4% Agilent E50524 Signal Source Analyzer

PPhaze Moise 10,00d8) Ref -20,00dBc/Hz
2000 b r Canier 124,437379 MHZ T IWi46E dBm
o F 1: 100 Hz |[-L05.276l decyHz
2: 1 kHz “126.6990 dEcAHz
-30.00 3: 10 kHz | +138.2526 dBcyHz
4: 100 kHz  +14z.46E5Ll dBcyHz
40,00 Er 1 MHz -145.6353 dEcs/Hz
G: 10 MHz | +165.4654 dBcyHz
50,00 7t 40 MHz | -166.6673 dBcyHz
H: Start 12 kHz
Stop 12.5 MHz
+60.00 Centar 6.25¢ MHz
Span 12,425 MHz
-70.00 == Nolse ==
fnalysis Range X: Band Marker
_z0.a0 fralysis Range ¥: Band Marksr
Intg Moise: -86.5228 dBc /) 12.38 MHz
8000 RMZ Noise: @8.7382 prad
' . 3.82322 mdeg
REMS Jitter: 34.975 fsec
-100.0 Residual FM: 141,315 Hz
100 4
-120.0
-130.0
z
-140.0
3
-150.0 4
1600
L
BEN]
3
D = i fring Py iy N
IF Gain S0dB Freq Band [990-1.5GHz] L Spt [=150kHz] | Tadpts Carre 32

In this case, the phase jitter improves from 130fs at the ClockMatrix output to 85fs after jitter attenuation with an

RC22504A.
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4. Additional Information

ClockMatrix has an output driver configuration called “user defined” that is the best suited for driving the
RC22504A differential input, and therefore, eliminating the need for external components.

The RC22504A shows the best performance with differential input clocks in the range 100MHz to 200MHz.
When, for example, a 312.5MHz or 625MHz clock is needed, it is recommended to use a 156.25MHz clock at
the RC22504A input. The RC22504A is a synthesizer that can translate frequencies.
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Figure 5. Phase Noise of a 312.5MHz Clock after “Hi BW” Jitter Attenuation with an RC22504A of the 156.25MHz

Clock in Figure 1

The RC22504A APLL loop properties can be adjusted to the type of spurs that need to be filtered. When strong
spurs are present at relatively low offsets (e.g., 1IMHz and lower), it helps to configure the loop bandwidth of the
APLL as low as possible. The overall performance of the APLL is optimized at high loop bandwidths. When the
dominant spurs are at higher offsets (e.g., 5SMHz and higher, it helps to configure the loop bandwidth of the APLL

higher.
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IMPORTANT NOTICE AND DISCLAIMER
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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 OR 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 developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate 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. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.
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