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ANG699: FPGA Reference Clock Phase

Jitter Specifications

Driven by market demand for ever-increasing network bandwidth, high-speed digital
communications equipment manufacturers look to communication semiconductor sup-
pliers for the latest in high-speed standards-based digital communications protocol
building blocks. Several Field Programmable Gate Array (FPGA) vendors have taken
up this challenge and produced products specifically targeted to various segments of
high-speed serial digital communications designs. As a result, communications and
embedded computing product designs are increasingly utilizing FPGAs with embedded
serializer-deserializers (SerDes) for critical high-speed transceiver and serial protocol
processing. Within high-speed serial digital communications, controlling, reducing, and
maintaining low jitter in signal path is a paramount concern, especially as bit rates
increase into the multi-gigabit realm and beyond. FPGA vendors and system designers
alike have become increasingly aware that low jitter digital communications absolutely
require low or ultra-low jitter clocks. Skyworks timing solutions can easily meet the low
jitter clocking requirements for high-speed serial digital communications.

KEY POINTS

« Phase noise masks for Intel/Xilinx FPGAs
with phase noise performance of Skyworks
timing devices

» Phase noise comparison plots of different
Skyworks devices

« Guide to choose a timing chip to meet

performance requirements for specific
FPGAs
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1. FPGA Clock Jitter Requirements

The vast majority of the FPGA market share is split between two companies, Xilinx and Intel (formerly Altera). These two companies
have FPGA products that specifically address various high-speed serial digital communications market segments. As a result of this
market focus, these FPGA companies have published specifications for input reference clock jitter requirements that allow their FPGA
based products to implement spec-compliant serial digital communications protocols.

The two documents below summarize recommended Skyworks timing solutions for FPGA families vs. Industry Standard Interfaces.
» Timing Solutions for Xilinx FPGAs
» Timing Solutions for Intel FPGAs

Although clock jitter can be specified in different forms, the almost universally accepted format for high-speed serial digital communica-
tions links is that of a phase noise (jitter) mask in the frequency domain. (For an excellent technical explanation of jitter and phase
noise, refer to Skyworks’ application note "AN687: A Primer on Jitter, Jitter Measurement and Phase-Locked Loops”.) Tables 1.1,
1.2, 1.3 and 1.4 below provide the input reference clock phase noise mask specifications published by the two main FPGA vendor's
products targeted for use in high-speed serial digital communications. In addition to these phase noise requirements, the tables also
provide the phase noise performance for various Skyworks’ timing devices.

As shown in the following tables, the spescified Skyworks timing devices meet the FPGA's input reference clock jitter requirements
often with substantial margin and are well suited for use in high-speed digital serial communications applications.

The selected devices include the Si540/545 XO, Si53x/Si570 any frequency programmable XO, Si56x VCXO, the Si5332/35/38/40/41/
Si5391P any frequency, any-output clock generators, Si5342/44/45/46/47/Si5392/94/95/96/97 any-frequency jitter attenuating clocks
and the Si5348/Si5383/89/M88 IEEE 1588 module network synchronizers.

Table 1.1. Xilinx FPGA Specifications vs Skyworks Clock Generators, Jitter Attenuators & Network Synchronizers

Clock Generator Jitter Attenuating Clock Network

Synchronizer

(SyncE/1588)
ilinx FPGA Si5332 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396 Si5348
Si5341 Si5344 Si5347 Si5394  Si5397 Si5383
Si5345 Si5395 Si5389
M88 IEEE
1588 module
Xilinx ULTRASCALE+ VIRTEX / KINTEX Skvworks
GTY CPLL/QPLL VIRTEX GTM LCPLL y
Ref Clock | Frequency | 10 412 | 128 | 136 | 136 | -137 | -134 | -136 | -136 137
Frequency Offset
156.25 (kH2) 100 | 128 | -135 | -144 | -148 | -144 | -144 | -144 | -144 -143
(MHz) ':12?:: 1000 | -149 | -149 | -151 53 | <151 | 151 | -151 | -151 -150
dBcHz | 5000 | -145/ | -154 | 164 | -164 | -164 | -160 | -163 | -160 -160
CPLL
only
Ref Clock | Frequency | 10 103 | 122 | 131 130 | -131 | 130 | -130 | -131 131
Frequency Offset
312.5 (kH2) 100 | 123 | -129 | -136 | -140 | -138 | -139 | -139 | -139 -138
(MHz) T;?:: 1000 | 143 | -143 | 146 | 146 | -145 | -145 | 150 | -145 144
dBc/Hz 5000 | -145/ -153 -162 -162 -162 -157 -159 -157 -157
CPLL
only
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https://www.skyworksinc.com/-/media/Skyworks/SL/documents/public/reference-designs/reference-design-timing-solutions-for-xilinx.pdf
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Clock Generator Jitter Attenuating Clock Network

Synchronizer

(SyncE/1588)
Xilinx FPGA Si5332 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396 Si5348
Si5341 Si5344 Si5347 Si5394 Si5397 Si5383
Si5345 Si5395 Si5389
M88 IEEE
1588 module
Ref Clock | Frequency | 10 -98 N/A 124 -125 125 | 123 | -124 124 124
Frequency Offset
625 (MHz) (kHz) 100 -117 N/A -133 -135 -133 -133 -134 -133 -133
Fr:g.a:: 1000 | -140 N/A -136 -140 139 | -139 | -137 144 -138
dBc/Hz 5000 | -144/ N/A -159 -159 -158 -154 -154 -154 -154
CPLL
only
Xilinx ULTRASCALE+ KINTEX GTH CPLL/ Skvworks
QPLL y
Ref Clock | Frequency | 10 105 | -122 | -131 -130 -131 130 | -130 -131 131
Frequency Offset
3125 (KHz) 100 124 | 129 | -136 -140 138 | -139 | -139 | -139 -138
(MHz) T;":‘SS: 1000 | -130 | -143 | -146 | -146 | -145 | -145 | -150 | -145 144
dBc/Hz 5000 | -140/ -153 -159 -161 -159 -156 -159 -156 -156
CPLL
only
Xilinx ULTRASCALE VIRTEX/ KINTEX Skvworks
GTH QPLL/ CPLL y
Ref Clock | Frequency | 10 105 | 122 | -131 -130 -131 130 | -130 -131 131
Frequency Offset
3125 (KHz) 100 124 | 129 | -136 -140 138 | -139 | -139 | -139 -138
(MHz) T:SS: 1000 | -130 | -143 | -146 | -146 | -145 | -145 | -150 | -145 144
dBc/Hz | 50000 | -140/ | -156 | -162 -162 162 | -157 | -162 -157 157
CPLL
only
Xilinx ULTRASCALE VIRTEX GTY CPLL/ Skvworks
QPLL y
Ref Clock | Frequency | 10 112 | -128 | -136 -136 137 | 134 | 136 | -136 137
Frequency Offset
156.25 (KHz) 100 128 | 135 | -144 -148 144 | 144 | 144 144 143
(MHz) ':1';‘;‘:: 1000 | -145 | -149 | 151 | 153 | 151 | 151 | -151 | -151 -150
dBc/Hz | 50000 | -145/ | -157 | -164 -164 164 | -160 | -164 -160 -160
CPLL
only
Ref Clock | Frequency | 10 4103 | 122 | -131 -130 -131 -130 | -130 -131 131
Frequency Offset
3125 (kHz) 100 123 | 129 | -136 -140 138 | -139 | -139 | -139 -138
(MHz) T:Ss: 1000 | -143 | -143 | -146 | -146 | -145 | -145 | -150 | -145 -144
dBc/Hz | 50000 | -145/ | -156 -162 -162 -162 -157 -162 -157 -157
CPLL
only
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Clock Generator Jitter Attenuating Clock Network

Synchronizer

(SyncE/1588)
T e Si5332 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396 Si5348
Si5341 Si5344 Si5347 Si5394 Si5397 Si5383
Si5345 Si5395 Si5389
M88 IEEE
1588 module
Ref Clock | Frequency | 10 -98 N/A -124 -125 -125 -123 -124 -124 -124
Frequency Offset
625 (MHz) (kHz) 100 -117 N/A -133 -135 -133 -133 -134 -133 -133
Fr:g.a:: 1000 | -140 N/A -136 -140 -139 -139 137 144 -138
dBc/Hz 50000 | -144/ N/A -159 -159 -158 -154 -158 -154 -154
CPLL
only
Xilinx Series 7 GTX/GTH QPLL Skyworks
Ref Clock | Frequency 10 -126 -133 -139 -140 -139 -140 -140 -138 -140
Frequency Offset
100 (MHz) (kHz) 100 -130 -140 -148 -150 -147 -148 -148 -148 -147
T;":‘SS: 1000 | -134 | -153 | -154 | -155 | -153 | -154 | -153 | -154 -153
dBc/Hz
Ref Clock | Frequency | 10 -123 -130 -138 -138 -137 -138 -137 -138 -138
Frequency Offset
125 (MHz) (kHz) 100 -129 -137 -146 -148 -144 -147 -146 -146 -145
igf‘ss: 1000 | -133 -150 -153 -154 -151 152 152 -153 -151
dBc/Hz
Ref Clock | Frequency | 10 -122 -128 -136 -136 -137 -134 -136 -136 -137
Frequency Offset
156.25 (kHz) 100 127 -135 -144 -148 -144 -144 -144 -144 -143
(MHz) FI:';?SS: 1000 | -132 | -149 | -151 453 | 151 | 151 | -151 | -151 -150
dBc/Hz
Ref Clock | Frequency | 10 -119 -124 -131 -132 -133 -131 -131 -132 -131
Frequency Offset
250 (MH2) (kH2) 100 -126 -132 -137 -140 -137 137 -137 -138 137
T;?:: 1000 -131 -145 -147 -148 -145 -147 -146 -147 -146
dBc/Hz
Ref Clock | Frequency | 10 -115 -122 -131 -130 -131 -130 -130 -131 -131
Frequency Offset
3125 (kHz) 100 -124 -129 -136 -140 -138 -139 -139 -139 -138
(MHz) ':]';'T‘:: 1000 | 130 | -143 | 146 | 146 | 145 | -145 | 150 | -145 144
dBc/Hz
Ref Clock | Frequency | 10 -110 N/A -124 -125 -125 -123 -124 124 124
Frequency Offset
625 (MHz) (KH2) 100 -116 N/A -133 -135 -133 -133 -134 -133 -133
T:SS: 1000 | -120 N/A -136 -140 -139 -139 -137 -144 -138
dBc/Hz
Xilinx Series 7 GTX/IGTH/GTP CPLL Skyworks
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Clock Generator

Jitter Attenuating Clock

Network

Synchronizer

(SyncE/1588)
T e Si5332 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396 Si5348
Si5341 Si5344 Si5347 Si5394 Si5397 Si5383
Si5345 Si5395 Si5389
M88 IEEE
1588 module
Ref Clock | Frequency | 10 -126 -133 -139 -140 -139 -140 -140 -138 -140
Frequency Offset
100 (MHz) (kHz) 100 -132 -140 -148 -150 -147 -148 -148 -148 -147
Fr:g.a:: 1000 | -136 153 -154 -155 -153 154 -153 -154 -153
dBc/Hz
Ref Clock | Frequency | 10 -123 -130 -138 -138 -137 -138 -137 -138 -138
Frequency Offset
125 (MHz) (KHz) 100 131 137 -146 -148 144 147 -146 -146 -145
Z’;f‘:: 1000 | -135 | -150 | -153 | -154 | -151 | -152 | -152 | -153 -151
dBc/Hz
Ref Clock | Frequency | 10 -121 128 -136 -136 137 134 -136 -136 137
Frequency Offset
156.25 (KHz) 100 -129 135 144 -148 144 144 144 144 143
(MHz) Z’;‘;‘:: 1000 | -133 | -149 | -151 153 | <151 | -151 | -151 | -151 -150
dBc/Hz
Ref Clock | Frequency | 10 -119 124 131 132 -133 -131 -131 -132 -131
Frequency Offset
250 (MHz) (kH2) 100 -126 132 -137 -140 -137 -137 -137 -138 137
':1';?:: 1000 132 -145 -147 -148 -145 -147 -146 -147 -146
dBc/Hz
Ref Clock | Frequency | 10 -116 122 -131 -130 -131 -130 -130 -131 -131
Frequency Offset
3125 (kHz) 100 -124 -129 -136 -140 -138 -139 -139 -139 -138
(MHz) ';2?:: 1000 | -131 | -143 | -146 | -146 | -145 | -145 | -150 | -145 144
dBc/Hz
Ref Clock | Frequency | 10 -110 N/A 124 125 125 123 124 124 124
Frequency Offset
625 (MHz) (KHz) 100 -119 N/A -133 -135 -133 -133 -134 -133 -133
T;":‘SS: 1000 | -127 N/A -136 -140 -139 -139 -137 -144 -138
dBc/Hz
Xilinx Spartan 6 Skyworks
Ref Clock | Frequency | 10 112 133 -139 -140 -139 -140 -140 -138 -140
Frequency Offset
100 (MHz) (KHz) 100 -130 -140 -148 -150 -147 148 -148 -148 147
FI:';?SS: 1000 | -130 153 154 -155 153 154 -153 154 -153
dBc/Hz 10000 | -135 -159 -165 -164 -164 -160 -164 -161 -161
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Clock Generator Jitter Attenuating Clock Network

Synchronizer

(SyncE/1588)
T e Si5332 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396 Si5348
Si5341 Si5344 Si5347 Si5394 Si5397 Si5383
Si5345 Si5395 Si5389
M88 IEEE
1588 module
Ref Clock | Frequency | 10 -120 -130 -138 -138 -137 -138 -137 -138 -138
Frequency Offset
125 (MHz) (kHz) 100 -130 -137 -146 -148 -144 -147 -146 -146 -145
I:r;?ss: 1000 | -130 -150 -153 -154 -151 152 152 -153 -151
dBc/Hz 10000 | -135 -158 -164 -164 -164 -160 -164 -161 -160
Ref Clock | Frequency 10 -120 -128 -136 -136 -137 -134 -136 -136 -137
Frequency Offset
156.25 (KH2) 100 -130 -135 -144 -148 144 144 144 144 143
(MHz) T:ss: 1000 | -130 | -149 | -151 453 | 151 | 151 | -151 | -151 -150
dBc/Hz | 10000 | -135 157 -164 -164 -164 -160 -163 -160 -160
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Table 1.2. Xilinx FPGA Specifications vs Skyworks XOs and VCXOs

Xilinx FPGA X0

Si545 Si570/ Si53x

Xilinx ULTRASCALE+ VIRTEX / KINTEX GTY CPLL/QPLL VIR- Skyworks
TEX GTM LCPLL y
Ref Clock Fre- | Frequency Off- 10 -112 -132 -140 -129 -137
quency 156.25 set (kHz)
(MHz) Phase noise 100 -128 -139 -145 -134 -143
dBefHz 1000 145 151 152 145 -150
5000 -145/ CPLL -159 -159 -152 -158
only
Ref Clock Fre- | Frequency Off- 10 -103 -127 -134 N/A -131
quency 312.5 set (kHz)
(MHz) Phase noise 100 -123 -133 -138 N/A -138
dBo/Hz 1000 143 145 146 N/A 144
5000 -145/ CPLL -155 -155 N/A -153
only
Ref Clock Fre- | Frequency Off- 10 -98 -121 -128 N/A N/A
quency 625 set (kHz)
(MHz) Phase noise 100 117 -127 -132 N/A N/A
dBe/Hz 1000 140 -140 140 N/A N/A
5000 -144 /| CPLL -154 -154 N/A N/A
only
Xilinx ULTRASCALE+ KINTEX GTH CPLL/QPLL Skyworks
Ref Clock Fre- | Frequency Off- 10 -105 -127 -134 -124 -131
quency 312.5 set (kHz)
(MHz) Phase noise 100 -124 -133 -138 -128 -138
dBe/Hz 1000 130 145 146 140 144
5000 -140/ CPLL -155 -155 -150 -153
only
Xilinx ULTRASCALE VIRTEX/ KINTEX GTH QPLL/ CPLL Skyworks
Ref Clock Fre- | Frequency Off- 10 -105 -127 -134 -124 -131
quency 312.5 set (kHz)
(MHz) Phase noise 100 -124 -133 -138 -128 -138
dBe/Hz 1000 -130 145 146 -140 144
50000 -140/ CPLL -158 -157 -154 -156
only
Xilinx ULTRASCALE VIRTEX GTY CPLL/QPLL Skyworks
Ref Clock Fre- | Frequency Off- 10 -112 -132 -140 -129 -137
quency 156.25 set (kHz)
(MHz) Phase noise 100 -128 -139 -145 -134 -143
dBo/Hz 1000 145 151 152 145 150
50000 -145/ CPLL -160 -160 -156 -160
only
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Xilinx FPGA X0 VCXO
Si545 Si570/ Si53x Si56x
Ref Clock Fre- | Frequency Off- 10 -103 -127 -134 N/A -131
quency 312.5 set (kHz)
(MHz) Phase noise 100 -123 -133 -138 N/A -138
dBe/Hz 1000 143 145 146 N/A 144
50000 -145 / CPLL -158 -157 N/A -156
only
Ref Clock Fre- | Frequency Off- 10 -98 -121 -128 -117 N/A
quency 625 set (kHz)
(MHz) Phase noise 100 -117 -127 -132 -122 N/A
dBo/Hz 1000 -140 -140 -140 134 N/A
50000 -144 | CPLL -154 -154 -151 N/A
only
Xilinx Series 7 GTX/GTH QPLL Skyworks
Ref Clock Fre- | Frequency Off- 10 -126 -137 -144 -133 -141
quency 100 set (kHz)
(MHz) Phase noise 100 -130 -143 -148 -138 -148
dBe/Hz 1000 134 -154 155 -148 153
Ref Clock Fre- | Frequency Off- 10 -123 -134 -141 -125 -140
quency 125 set (kHz)
(MHz) Phase noise 100 -129 -141 -146 -136 -146
dBe/Hz 1000 133 152 153 146 152
Ref Clock Fre- | Frequency Off- 10 -122 -132 -140 -129 -137
quency 156.25 set (kHz)
(MHz) Phase noise 100 -127 -139 -145 -134 -143
dBe/Hz 1000 132 -151 152 145 -150
Ref Clock Fre- | Frequency Off- 10 -119 -128 -136 -124 -133
quency 250 set (kHz)
(MHz) Phase noise 100 -126 -134 -140 -129 -140
dBe/Hz 1000 131 147 -148 141 146
Ref Clock Fre- | Frequency Off- 10 -115 -127 -134 -124 -131
quency 312.5 set (kHz)
(MHz) Phase noise 100 -124 -133 -138 -128 -138
dBe/Hz 1000 -130 -146 145 -140 144
Ref Clock Fre- | Frequency Off- 10 -110 -121 -128 -117 -126
quency 625 set (kHz)
(MHz) Phase noise 100 -116 -127 -132 -122 -132
dBe/Hz 1000 -120 -139 -140 -134 139
Xilinx Series 7 GTX/GTH/GTP CPLL Skyworks
Ref Clock Fre- | Frequency Off- 10 -126 -137 -144 -133 -141
quency 100 set (kHz)
(MHz) Phase noise 100 -132 -143 -148 -138 -148
dBe/Hz 1000 -136 -154 155 -148 153
Ref Clock Fre- | Frequency Off- 10 -123 -134 -141 -125 -140
quency 125 set (kHz)
(MHz) Phase noise 100 -131 -141 -146 -136 -146
dBe/Hz 1000 135 152 153 146 152
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Xilinx FPGA X0 VCXO
Si545 Si570/ Si53x Si56x

Ref Clock Fre- | Frequency Off- 10 -121 -132 -140 -129 -137
quency 156.25 set (kHz)

(MHz) Phase noise 100 -129 -139 -145 -134 -143

dBe/Hz 1000 133 -151 152 -145 -150

Ref Clock Fre- | Frequency Off- 10 -119 -128 -136 -124 -133
uency 250 set (kHz

a (MI-)|,z) phasé noi)se 100 -126 -134 -140 -129 -140

dBe/Hz 1000 132 147 -148 141 -146

Ref Clock Fre- | Frequency Off- 10 -116 -127 -134 -124 -131
quency 312.5 set (kHz)

(MHz) Phase noise 100 -124 -133 -138 -128 -138

dBc/Hz 1000 131 -145 -146 -140 144

Ref Clock Fre- | Frequency Off- 10 -110 -121 -128 -117 -126
uency 625 set (kHz

a (MI-)|,z) phasé noi)se 100 -119 -127 -132 -122 -132

dBe/Hz 1000 127 -139 -140 -134 -139

Xilix Spartan 6 Skyworks

Ref Clock Fre- | Frequency Off- 10 -112 -137 -144 -133 -141
uency 100 set (kHz

a (Ml-)ilz) Phas¢(e noile 100 -130 -143 -148 -138 -148

dBc/Hz 1000 130 154 -155 148 -153

10000 -135 -159 -159 -155 -159

Ref Clock Fre- | Frequency Off- 10 -120 -134 -141 -125 -140
uency 125 set (kHz

a (M,XZ) Phas,(3 noi)se 100 -130 -141 -146 -136 -146

dBe/Hz 1000 -130 152 -153 -146 -152

10000 -135 -160 -159 -152 -159

Ref Clock Fre- | Frequency Off- 10 -120 -132 -140 -129 -137
quency 156.25 set (kHz)

(MHz) Phase noise 100 -130 -139 -145 -134 -143

dBe/Hz 1000 -130 -151 -152 -145 -150

10000 -135 -160 -160 -155 -160

The following graphs show a visual representation of the Xilinx phase noise requirement mask (in red) and the measured data that is
contained in the tables.
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-100

-110

-120

-130

dBc/Hz

-140

-150

-160

-170

Xilinx ULTRASCALE+ VIRTEX / KINTEX GTY CPLL/QPLL VIRTEX GTM LCPLL

10

-105 @._

100

Xilinx ULTRASCALE+ KINTEX GTH CPLL/QPLL

100

Offset(kHz)

Offset(kHz)

1000

1000

5000

5000

---@--- Phase Noise Spec(dBc/Hz) - 156.25
——8— Phase Noise of $i5332 - 156.25

®--- Phase Noise $i5340/41 - 156.25
------ Phase Noise Si5342/44/45 - 156.25
---@--- Phase Noise Si5346/47 - 156.25
——e— Phase noise of Si5391P - 156.25
---@--- Phase Noise Si5392/4/5 - 156.25
---@--- Phase Noise Si5396/97 - 156.25
---@--- Phase Noise Si5348/83/89/1588 Module - 156.25
—=o— Phase Noise of 5i540 - 156.25
—=8— Phase Noise of Si545 - 156.25
—o— Phase Noise of $i570/ Si53x - 156.25

~—&— Phase Noise of Si56x - 156.25

---@--- Phase Noise Spec(dBc/Hz) - 312.5
——&— Phase Noise of Si5332 - 312.5

® - Phase Noise Si5340/41 - 312.5

Phase Noise Si5342/44/45 - 312.5

@ - Phase Noise Si5346/47 - 312.5
—o— Phase noise of $i5391P - 312.5
---@--- Phase Noise Si5392/4/5-312.5
---@--- Phase Noise Si5396/97 - 312.5
---@--- Phase Noise Si5348/83/89/1588 Module - 312.5
—=o— Phase Noise of $i540 - 312.5
—=@— Phase Noise of Si545 - 312.5
—&— Phase Noise of $i570/ Si53x - 312.5

——o— Phase Noise of Si56x - 312.5
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-100

-110

-120

-130

dBc/Hz

-140

-150

-160

-170

dBc/Hz

-110

-120

-130

-140

-150

-160

Xilinx ULTRASCALE VIRTEX/ KINTEX GTH QPLL/ CPLL

10 100 1000 50000
Offset(kHz)

Xilinx ULTRASCALE+ VIRTEX / KINTEX GTY CPLL/QPLL VIRTEX GTM LCPLL

10 100 1000 5000
Offset(kHz)

~--@--- Phase Noise Spec(dBc/Hz) - 312.5
——&— Phase Noise of 5i5332 - 312.5

@ - Phase Noise Si5340/41 - 312.5

Phase Noise Si5342/44/45 - 312.5

@ - Phase Noise Si5346/47 - 312.5
—e— Phase noise of $i5391P - 312.5
---@--- Phase Noise Si5392/4/5-312.5
---@--- Phase Noise Si5396/97 - 312.5
---@--- Phase Noise Si5348/83/89/1588 Module - 312.5
—o— Phase Noise of 5i540 - 312.5
—0— Phase Noise of 5i545 - 312.5
—=— Phase Noise of 5i570/ Si53x - 312.5

——8— Phase Noise of Si56x - 312.5

---@--- Phase Noise Spec(dBc/Hz) - 156.25
——8— Phase Noise of $i5332 - 156.25

®--- Phase Noise Si5340/41 - 156.25
------ Phase Noise Si5342/44/45 - 156.25
---@--- Phase Noise Si5346/47 - 156.25
—o— Phase noise of Si5391P - 156.25
---@--- Phase Noise Si5392/4/5 - 156.25
---@--- Phase Noise Si5396/97 - 156.25
---@--- Phase Noise Si5348/83/89/1588 Module - 156.25
—=o— Phase Noise of 5i540 - 156.25
—=8— Phase Noise of Si545 - 156.25
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Table 1.3. Intel FPGA Specifications vs Skyworks Clock Generators, Jitter Attenuators & Network Synchronizers

Clock Generator Jitter Attenuating Clock Network

Synchronizer

(SyncE/1588)

Si5332 Si5335 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396 Si5348

Intel FPGA Si5338 Si5341 Si5344 Si5347 Si5394 Si5397 Si5383
Si5345 Si5395 Si5389
M88 IEEE
1588
module
Stratix 10 GX/SX Skyworks
Ref Clock | Frequency 0.1 -70 N/A N/A -82 -74 -75 -75 -74 N/A N/A
Frequen- | Offset (kHz)
cy 800 Phase 1 -90 N/A N/A | -106 -106 -101 | -101 | -105 | N/A N/A
(MHz) noise 10 -100 | N/A N/A | -121 -121 122 | 122 | 121 N/A N/A
dBc/Hz
100 | -110 | N/A N/A | -130 -130 -130 | -130 | -130 | N/A N/A
>=1000| -120 | N/A N/A | -136 -136 137 | -137 | -135 | N/A N/A
Agilex , Stratix 10 (TX/MX) Skyworks
Ref Clock | Frequency | 10 130 | N/A N/A | -136 -137 136 | -135 | -136 | -136 -136
Frequen- | Offset (kHz)
cy 156.25 |  Phase 100 | -138 | N/A N/A | -144 -148 144 | 144 | 144 | -144 143
(MHz) noise 500 | -138 | N/A | N/A | -149 | -150 | -149 | -149 | -149 | -149 -148
dBc/Hz
3000 | -140 | N/A N/A | -157 -160 -159 | -158 | -160 | -158 -158
10000 | -144 | N/A N/A | -164 -165 -164 | -158 | -164 | -160 -160
20000 | -146 | N/A N/A | -164 -165 -164 | -158 | -164 | -160 -160
Intel Arria V (GX/SX/GTI/ST) Skyworks
Ref Clock | Frequency | 0.01 -50 -87 74 -66 -69 -70 -75 -78 77 69
Frequen- | Offset (kHz)
oy 125 Phase 0.1 -80 -102 | -105 | -97 -96 -88 -90 91 -93 92
(MHz) noise 1 10 | o119 | <119 | 123 | 122 | -114 | -118 | 120 | -122 122
dBc/Hz
10 120 | -130 | -126 | -138 -138 -138 | -137 | -137 | -137 -137
100 | -120 | -137 | -130 | -146 -148 144 | 146 | -146 | -146 -145
>=1000| -130 | -150 | -130 | -153 -154 151 | -152 | -152 | -152 -151
Intel Arria V GZ Skyworks
Ref Clock | Frequency 0.1 -70 N/A -90 -84 -84 =77 -78 -78 =77 =77
Frequen- | Offset (kHz)
oy 622 Phase 1 -90 N/A | -104 | -109 -108 -105 | -108 | -106 | -109 -108
(MHz) noise 10 | 100 | NA | -112 | 124 | 125 | 125 | -124 | -124 | -124 -124
dBc/Hz
100 | -110 | N/A | -116 | -133 -134 133 | -133 | -133 | -133 -133
>=1000| -120 | N/A | -120 | -140 -140 138 | -139 | -139 | -139 -138
Arria 10 GX/SX/GT , Cyclone 10 GX Skyworks
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Network

Jitter Attenuating Clock

Clock Generator

Synchronizer

(SyncE/1588)

Si5332 Si5335 Si5340 Si5391P Si5342 Si5346 Si5392 Si5396  Si5348

Intel FPGA Si5338 Si5341 Si5344 Si5347 Si5394 Si5397  Si5383

Si5345 Si5395 Si5389

M88 IEEE

1588

module

Ref Clock | Frequency 0.1 -70 N/A -90 -84 -84 =77 -78 -78 =77 =77
Frequen- | Offset (kHz)

oy 622 Phase 1 9 | N/A | -104 | -109 @ -108 | -105 | -108 | -106 | -109 -108

(MHz) noise 10 | <100 | NA | 112 | 124 | 125 | 125 | 124 | 124 | -124 124
dBc/Hz

100 | 110 | NA | 116 | 133 | -134 | 133 | -133 | -133 | -133 133

>=1000| -120 | N/A | -120 | -140 | -140 | -138 | -139 | -139 | -139 -138

Table 1.4. Intel FPGA Specifications vs Skyworks XOs and VCXOs

X0
Intel FPGA
Si545 Si570/ Si53x
Stratix 10 GX/SX Skyworks
Ref Clock Fre- | Frequency Off- 0.1 -70 -99 -89 -98 -97
quency 800 | set (kHz) Phase
(MHz) noise dBc/Hz 1 -90 -108 -117 -108 -114
10 -100 -118 -125 -115 -122
100 -110 -124 -130 -121 -129
>=1000 -120 -137 -137 -130 -135
Agilex , Stratix 10 (TX/MX) Skyworks
Ref Clock Fre- | Frequency Off- 10 -130 -132 -140 -129 -137
quency 156.25 | set (kHz) Phase
(MHz) noise dBc/Hz 100 -138 -139 -145 -134 -143
500 -138 -145 -150 -140 -148
3000 -140 -158 -158 -152 -155
10000 -144 -160 -162 -155 -160
20000 -146 -161 -162 -156 -160
Intel Arria V (GX/SX/GTI/ST) Skyworks
Ref Clock Fre- | Frequency Off- 0.01 -50 -67 -62 -67 -79
quency 125 set (kHz) Phase
(MHz) noise dBc/Hz 0.1 -80 -114 -108 -114 -113
1 -110 -125 -131 -125 -133
10 -120 -134 -141 -133 -140
100 -120 -141 -146 -136 -146
>=1000 -130 -152 -153 -146 -152
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X0 VCXO
Intel FPGA
Si545 Si570/ Si53x Si56x
Intel Arria V GZ Skyworks
Ref Clock Fre- | Frequency Off- 0.1 -70 -101 -92 -101 -101
quency 622 | set (kHz) Phase
(MHz) noise dBc/Hz 1 -90 -111 -119 -108 -118
10 -100 -121 -127 -117 -126
100 -110 -127 -132 -122 -132
>=1000 -120 -139 -140 -134 -138
Arria 10 GX/SX/GT, Cyclone 10 GX Skyworks
Ref Clock Fre- | Frequency Off- 0.1 -70 -101 -92 -101 -101
quency 622 | set (kHz) Phase
(MHz) noise dBc/Hz 1 -90 -111 -119 -108 -118
10 -100 -121 -127 -117 -126
100 -110 -127 -132 -122 -132
>=1000 -120 -139 -140 -134 -138

The following graphs show a visual representation of the Intel phase noise requirement mask (in red) and the measured data that is
contained in the tables.
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2. Recommendations

Skyworks timing devices are well suited for use as reference clock sources for FPGAs with embedded SerDes in high-speed serial
digital communications applications. With additional built-in features such as any-frequency programmability with O ppm frequency
error, superior PSRR, and jitter attenuation with digitally-programmable loop bandwidth, Skyworks timing products provide real system
benefits over simple PLL clock solutions.

This application note provides an overview of the reference clock requirements for FPGA SerDes, which in most designs is the most
stringent in terms of phase noise and/or RMS phase jitter requirements. But in addition to that, most designs will need additional
reference clocks for endpoints other than the FPGA transceiver, and Skyworks has many clocking solutions including Si5332/Si5338
clock generators, Si51x/Si59x/Si540/545 XOs, Si53x/Si570 any frequency programmable XOs, Si55x/56x VCXOs, and finally the
Si5330x Universal Buffers that can consolidate all of those reference clocks together, many of which are used for these exact purposes
on the FPGA reference designs.
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