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Attention

The material contained in this presentation is the property of Avnet 
Electronics Marketing.  Use of this material in it’s whole or in part is 
restricted to Avnet’s X-Fest program and Avnet employees.  Any use 
by non-Avnet employees outside of the X-Fest program is prohibited.

For additional information, please contact Jim Beneke at Avnet 
(jim.beneke@avnet.com).



High Speed Clocking: 
Challenges, Pitfalls, and Solutions
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3Objectives

Understand high-speed clocking requirements at the 
system level
Introduce analysis techniques of high-speed 
clocking 
Demonstrate industry-leading high-speed clocking 
solutions
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4Agenda

System-Level Clocking Overview
High-Performance Clock Generators
Xilinx® FPGA Clocking Resources
Case Studies
Demo
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5Challenges of High Performance Clocking

Modern applications have 
complex clocking requirements:
– Extremely high performance 

clock signals
– Support for multiple frequency 

domains across a wide 
frequency range

– De-skewing of clocks relative to 
one another

– Low Jitter and precise duty cycle 
to maintain the widest possible 
data valid window

– Lowest possible system power
– The perfect balance of resources 

at the right cost



Copyright © 2009. Avnet, Inc.  All rights reserved.

6High-Performance Clocking / Wireless

Clock quality has direct impact on system performance
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Period Jitter JT0RMS
– Deviation in clock period (from ideal T0) over many samples
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Clock Jitter

Cycle-to-Cycle Jitter JccRMS
– Difference in two consecutive periods (over many samples of 

consecutive periods)
Equivalent to standard deviation
σ of Gaussian distribution

Ti
T0
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8Jitter Budget Analysis and BER

BER target 
= 10-10DataSheet

JRMS = 5ps

Clock
Source    

Timing Budget ?
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9Jitter Budget Analysis and BER

Peak-to-peak jitter (Jp-p) degrades timing margin
Jp-p = worst-case longest clock period – shortest
PDF bounds Jp-p according to bit-error rate (BER)

Ex: BER target = 10-10

JRMS = 5ps
From erfc table find α = 12.723
Jp-p = α *JRMS

= 63 ps

( )α*2
2
1BER erfc=

1U.I. = 1/ data rate

PDF of Gaussian distribution with variance of 1

Normalized Standard Deviation
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10Oscillator Phase Noise and Jitter

RMS Jitter 
Target = 
260 fs

DataSheet

Phase noise 
dBc/Hz

Clock
Source    

Signal to Noise Ratio 
(SNR)

clock

ADC
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Phase Noise
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Total Phase noise in integration bandwidth from 100 Hz … 20 MHz = -76.88 dBc

Deviation from center frequency
– Ex. 122.88 MHz

Evaluated with a spectrum analyzer
Measured in dBc/Hz
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12Clock Jitter in High-Speed Sampling System

Bandwidth 
= 100 MHz

SNR Target
= 96 dB

RMS Jitter    

JRMS =   
260 fs

calculation

Signal to Noise Ratio 
(SNR)ADC

clock
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SNR & ENOB vs JRMS
for various input frequencies
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ADC applications require 2-3 orders of magnitude better jitter than 
high-speed digital applications
Random and deterministic jitter degrades SNR of an ADC (DAC)
Deterministic jitter degrades Spurious Free Dynamic Range (SFDR)
of an ADC (DAC)

=
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10 f J2
1log20SNR
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JRMS = sample clock RMS jitter (ps)
ENOB = Effective Number of Bits

FPGA clock

.
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Clock Jitter in High-Speed Sampling System
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14Spread Spectrum Clocking

Generated by controlled phase modulation
Reduces electromagnetic interference (EMI) to other 
devices
Federal Communications Commission (FCC) 
regulates spectral content of clock sources to limit 
interfence in nearby consumer equipment
Requirement in PCIe

f

Spread spectrum clock

f

Pure tone generates EMI
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15Clock Skew

Expected operation

Clock

Q_A

Q_B

Q_C

3 cycles

Clock skewed version

A & C 
Clock
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Q_B

Q_C

B Clock

2 cycles

D Q_B Q_CINPUT

CLOCK

DD Q_A3.1

3.0

3.1 3.3

12.5 3.0
A B C

Error due to 
clock skew

Time offset between edges of same clock at different 
physical locations on the board or in FPGA
Due to different routing delays
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16Clock Skew

Clock skew

Minimize clock skew
– On the board

• Precise trace length matching from clock source to sinks
• Compensate by phase shifting outputs of same clock generator

– FPGA
• MMCM / DCM / PLL input clock de-skew, zero-delay buffers
• Use fast global and regional clock routing inside FPGA

tsk

Unrelated to jitter

jitter
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17Review Questions

Which applications require low phase noise / high 
spectral purity clock sources ?

Which applications require phase modulated / 
spread spectrum clock sources ?

What clock performance metric applies to the time 
domain ?

What clock performance metric applies to the 
frequency domain ?
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18Agenda

System-Level Clocking Overview
High-Performance Clock Generators
Xilinx FPGA Clocking Resources
Case Studies
Demo
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LMK01000 1.6 GHz Clock Distributor
– 2:8 Clock Buffer, Divider and Distributor (30 fs RMS additive)

LMK02000 Clock Conditioner
– Jitter Cleaning & Clock Distribution (0.2 ps RMS* with VCXO)

LMK03000 Clock Conditioner with Integrated VCO
– Jitter Cleaning, Clock Generation & Distribution (0.4ps RMS*)

LMK04000 Clock Conditioner with Dual PLL (+Crystal)
– Jitter Cleaning, Clock Generation & Distribution (0.15ps RMS*)

* Integration bandwidth of 12 kHz to 20 MHz

National LMK Family Precision Clock Conditioners
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Using a 
Low-Cost

Crystal

National LMK04000 
Dual-Loop Precision Clock Conditioner

High Performance & Low BOM Cost
– VCXO Mode

• JRMS of 184 fs RMS (100 Hz – 20 MHz)

– Crystal Oscillator Mode
• JRMS of 260 fs RMS (100 Hz – 20 MHz)

Features
– Default clock upon power-up

• Clock before any programming

– LVCMOS, LVPECL and LVDS
– Redundant Input 

• with Automatic and Manual Modes

PLL1 PLL2

Distribution

Excellent 
Jitter Cleaner

(no more VCXOs)
Crystal (<$1) 

or VCXO

High Performance & Low BOM Cost
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Fully Integrated Ultra-Low Noise VCO
– Up to 10dB better than next monolithic competitor

Programmable 4th order ΔΣ Modulator
– Enhanced spurious performance

Freq. Range of 553 to 2790 MHz
– New devices up to 3132 MHz

Low Supply Current (34 mA)
– High Output Power (+4 dBm)

National LMX2531 
High Performance Frequency Synthesizer
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61.44MHz dirty source recovered from system
LMK04031’s 1st PLL cleans clock with 12.288MHz crystal
LMK04031’s 2nd PLL generates clean 61.44MHz clock
LMK01000 duplicates up to eight 61.44MHz clocks
LMX2531LQ2080E generates low phase noise LO at 2GHz and 
1GHz
User selectable crystal or  VCXO operation

61.44MHz

LMK04031

12.288MHz

LMK01000 LMX2531

1Kout4KoutDirty 
clk

VCO

61.44MHz 61.44MHz

2GHz

System recovered
dirty clock

National LMK / LMX Timing Subsystem
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23TI Clocks Portfolio at a glance…

CDCE72010

Industry’s Lowest Jitter
Clock Generator / Jitter Cleaner

with large fan outs

High Precision, Best in Class 
Jitter Performance

Highly Flexible and
Programmable Solutions 

Solving EMI with
SSC Clocking

CDCE62005

Ultra-Low Jitter, Fully Integrated
Clock Synthesizer / Jitter Cleaner

CDCM61004/2/1NEW

Ultra-Low Jitter
Precision Xtal Clock Generator family

w/ simple pin control

CDCE(L)949

Industry’s Most Flexible and
Fully Programmable
4-PLL Clock Synthesizer

CDCS501NEW

EMI Expert -
Spread Spectrum

Clock Driver

CDCM7005

Industry’s Lowest Jitter
Clock Generator / Jitter Cleaner

with large fan outs

CDCS502NEW

EMI Expert -
Spread Spectrum

Clock Driver / Multiplier
(Xtal Input)

CDCS503NEW

EMI Expert -
Spread Spectrum

Clock Driver / Multiplier
(No Xtal Input)

CDCE(L)937

Industry’s Most Flexible and
Fully Programmable
3-PLL Clock Synthesizer

CDCE(L)925

Industry’s Most Flexible and
Fully Programmable
2-PLL Clock Synthesizer

CDCE(L)913

Industry’s Most Flexible and
Fully Programmable
1-PLL Clock Synthesizer
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Single ended or crystal reference input  from 
21.875MHz to 28.47MHz
Fully Integrated VCO and loop filter generates 
various higher frequencies between 43.75-
683.264 MHz
LVCMOS output frequency up to 250MHz
Low jitter (< 1ps RMS, 10k-20MHz), ~ 25ps, pk-pk
Configuration changes through control pins
Each output selectable between LVPECL, LVDS  
and 2-LVCMOS
Input Crystal bypass mode: OSC_OUT pin
Pin-pin compatible family CDCM61004/2/1

Up to 50% cost savings to XO based solution
One single device across multiple designs, replacing 
up to 4 discrete XOs
50% less jitter, improve BER (Bit-Error-Rate)
Lower cost development and production
Output interface flexibility saves additional translation 
logic/components on board
Allows direct crystal tuning
Same foot print enables the same hardware 
strapping for multiple designs

Precision clock generator
Router/Switch
Datacom/Telecom/Networking
Wireless Infrastructure
Any application that needs clean clock in 
the supported frequency range

Features Benefits

Applications

O
ut

pu
t D

iv
id

erOsc/
PLL

P
re

sc
al

er

PR[1,0] OD[2,0]

CDCM61001

CDCM61002

CDCM61004

XTAL/
LVCMOS

LVPECL/
LVDS/

LVCMOS

1Ku / $6.50/5.00/4.20

CDCM61004/2/1NEW

1:4/2/1 Crystal In 44MHz-683MHz Clock Generator
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Dual Universal Reference Inputs
– LVPECL, LVDS, LVCMOS
– Supports manual or automatic switchover

Integrated Low Noise Integer-N PLL
– Very Low Output Jitter:  < 200 fs RMS
– Residual jitter < 50 fs (distribution section)

10 LVPECL/LVDS and/or 20 LVCMOS Outputs
– LVPECL up to 1500 MHz, LVDS up to 800 MHz, 

LVCMOS up to 250 MHz
– Programmable skew adjust

Host Interface:  SPI
Integrated EEPROM

Wireless Systems
High Performance ADC/DAC Clocking
High Speed Communication Links

CDCE72010NEW
Ten Output Low Jitter Clock Synthesizer

Features

Applications

Device
Registers

Interface
&

Control

Divider 1
(/1 - /80)

Divider 2
(/1 - /80)

Divider 3
(/1 - /80)

Divider 4
(/1 - /80)

EEPROM

Input
Block

Synthesizer
Block

Output Blocks

Interface
&

Control
Block

Divider 6
(/1 - /80)

Divider 7
(/1 - /80)

Divider 8
(/1 - /80)

Smart
MUX

PLL

Divider 5
(/1 - /80)

JRMS = 206 fs
1KHz-40MHz
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26CDCS502NEW - EMI Expert
Xtal-In Clock Generator / Optional Spread Spectrum Clocking (SSC)

Crystal input from 8MHz to 32MHz
Selectable multiplier rates of 1x and 4x so that 
generate output frequency from 8MHz to 110MHz
Selectable Spread-Spectrum Modulation of ±0.5%, 
±1.0%, and ±2.0% 
8 pin TSSOP package
Single 3.3V power supply, wide temperature range 
-40 , 85

Replacing more costly crystal oscillators
Wider output frequency range enables one 
device across multiple designs 
Reduce EMI thru selectable amount of SSC 
modulation up to 10dB
Low board space consumption 
Simple power supply scheme; Applicable to 
wider applications with improved reliability

SSC_SEL 0
1 8 XOUT

SSC_SEL 1
2 7

FSGND
3 6 OUT

XIN

4 5

CDCS502
VDD

XO replacement with EMI reduction need:
Digital Audio/Video Entertainment 

Flat Panel TV; Set-top Boxes;  Blu-
Ray DVDR

PCs, Printers
Communications access 
point/gateway/networking card
Industrial 

1Ku / $0.95

Applications

Features Benefits
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Spartan-6 GTP reference clock source
Meets or exceeds the specifications of Xilinx recommended oscillators
– Dual programmable differential LVPECL outputs
– Output frequency range of 21.25MHz to 1360MHz
– Crystal input frequency range of 15MHz to 20MHz
– Total period jitter of 18ps (typical)

Maxim MAX3674 Programmable Clock Source 
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28Agenda

System-Level Clocking Overview
High-Performance Clock Generators
Xilinx® FPGA Clocking Resources
Case Studies
Demo
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29What is FPGA Clock Routing?

Buffers and routing connect clock signals 
from their source to their many destinations
– Sources can be input pins, clock 

management blocks, other circuitry
– Destinations can be logic, clock 

management blocks, output pins

Clock routing is usually driven by clock 
buffers
– Different types of routing can be accessed 

by different types of buffers

High-speed signals require low-noise 
routing to avoid signal degradation
– High-speed interfaces such as 1066 Mbps 

DDR3 require very fast, clean clock signals
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30Virtex®-6 Clocking

Low-skew clock distribution
– Combination of paths for driving clock 

signals to and from different locations

Clock buffers
– High fanout buffers for connecting clock 

signals to various routing resources

Clock regions
– Device divided into clock regions with 

dedicated resources
– Each region is 40 CLBs high and spans 

half the device

Clock management tile (CMT)
– Two PLL-based Mixed-Mode Clock 

Managers in each CMT
– Up to nine CMTs per device
– Performs frequency synthesis, 

clock de-skew and jitter-filtering

Easy-to-use software
– Fast and simple access to the circuitry

C
lo

ck
B

uf
fe

rsMMCM

MMCM

Clock 
Wizard

Automatic 
HDL code
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All 32 BUFGs reside in center of the device
– Can drive global clock spine across entire device

BUFG(CTRL)

O

S1

S0

IGNORE0

IGNORE1

CE0

CE1

I1

I0

Virtex-6 Clock Routing

BUFH(CE)

I

CE

O

Twelve BUFHs per clock 
region
– Up to eighteen clock 

regions per device
– Power saving by 

turning off, or gating, 
clocks to specific 
regions

BUFR

÷

CLR

I O

CE

Up to 8 BUFRs per clock 
region
– For medium-high performance clocks 

used within 1-3 regions
– BUFR frequency can be divided by 1…8

New
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MMCM

MMCM

BUFR BUFR
CCIO

BUFH

BUFG Global
Clock

Pin

12

CE

12
6

6

4 4

HCLK

BUFR

2
32

28
8

C
LK

O
U

T

C
LK

O
U

T

12
Interconnect  2

32 8

CE
12

2  Interconnect

2
32

28
8

BUFH

IO
Column

IO
Column

20
Interconnect

Rows

20
Interconnect

Rows

8

8
6

BUFH is the access point for global clocks to enter a clock region

Virtex-6 Regional Clocking Connectivity

Mixed-mode Clock Manager (MMCM )
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33Virtex-6 BUFIO (IO Clock Buffer)

Two single-region BUFIOs and two multi-
region BUFIOs in each region

Driven by:
– Clock Capable Inputs in the same clock 

region
– MMCM outputs via High-Performance 

Paths

Can drive:
– IO Logic in the same and adjacent 

regions
– BUFIO can drive logic resources only in 

the same IO column
Intended for clocking high speed IO logic

BUFIO

I O
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34Virtex-6 Performance Path Routing

Four Performance Paths driving 
each inner/outer L/R IO column

Driven by MMCM outputs O0-O3

Can drive BUFIO, BUFR

Powered by regulated supply 
within each MMCM
– Isolated from noise on Vccint
– Cleanest path from MMCM to 

IO columns
– Lower jitter than any other 

routing

Best performance for clock 
forwarding through OSERDES

Performance Paths enable fast IO interfaces

MMCM

MMCM

GTXIOIOIOIO
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35What is FPGA Clock Management?

Systems usually require 
multiple clock frequencies from 
the same source
– Minimizing the number of 

oscillators lowers system cost
External clock sources can 
often be noisy
– Filtering jitter cleans up clocks 

widening the data valid window
Many circuits need to be 
clocked at the same time to 
ensure correct operation
– De-skewing and aligning clocks 

eliminates hold-time issues and 
race conditions

ClkClk

InIn

OutOut

0101 1010

0101 1010
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36Virtex-6 MMCM Internals

Phase / frequency detector compares 
CLKIN with CLKFB

– Up to 550 MHz inputs
– Adjusts charge pump output voltage
– Charge pump controls the VCO 

frequency (up to 1.6 GHz)

Versatile frequency synthesis
– Fout = Fin * M / (D*O)
– One M and one D value per MMCM
– Each MMCM output can have its own O 

value
– M: 1…64;  D: 1…80;  O: 1…128

Two methods of shifting phase
– Static Phase Shift using time-shifted 

VCO outputs
– Dynamic Phase Shift using the PS port 

to change the phase on the fly in 
increments of 1/56 of VCO period

VCOLFCPPFD O0

CLKFB

CLKIN1
CLKIN2

Routing Clock
Switch

D

CLKINSTOPPED

Lock

CLKFBSTOPPED

Stop
Detect

Lock
Detect

9

O1

O2

O3

O4

O5

O6

M
CLKFBOUT

HOLD

0
45
90
135
180
225
270
315

VCO
Outputs
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37Virtex-6 MMCM Usage Example

Requirement:
33.3 MHz external oscillator controls:
– 533 MHz data captured by IO logic
– Large amount of logic at 66 MHz 
– Small design at 54 MHz

Phase relationship between input clock 
and output clock is irrelevant

Solution:
MMCM values
– M=16, D=1, O0=9.875, O1=1, O2=8

Generates:
– 54 MHz on clkout0

• O0 set to 9.875 using fractional counter
– 533 MHz on clkout1

• Drives BUFIO via performance path
– 66 MHz on clkout2

• Drives BUFG for general distribution

Performance
Path

CCIO

BUFIO

BUFH

BUFG

MMCM
CLKIN1

CLKOUT0

CLKOUT1

CLKOUT2

CLKFBIN
CLKFBOUT
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38MMCM Usage Model - Zero Delay Buffer

Single clock drives multiple 
external components
FPGA aligns clocks at the 
board level to minimize skew
Feedback signal also drives 
off- chip 
– Board trace length matches 

trace length to external 
components

– Clock edges are thus aligned 
at the input of the FPGA and 
the input of the external 
component

IBUFG BUFG

BUFG

CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

Inside 
FPGA

MMCM

FPGA

DAC
PLL

Equal length traces on the board

To FPGA 
logic

MMCM
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39Spartan®-6 Clocking Highlights

Two Types of Clock Networks:
– Enhanced global clock network

• Up to 16 global clocks in each device
• Maximum frequency: 375 MHz

– Dedicated IO clock network
• Ultra-fast speed: up to 1 GHz
• Four IO clocks per half bank
• Two IO clocks spanning entire bank

Virtex®-5-Like Clock Management Tile (CMT)
– One to six total CMTs
– Two feature-enhanced DCMs per CMT

• Derived from the successful Spartan-3A DCM
– Plus one PLL per CMT

• Derived from the successful Virtex-5 PLL
Major architectural changes over previous generation
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40Spartan-6 Global Clock Network

HCLK Rows

16

DCM(x2)

HCLK Rows

Ve
rti

ca
l S

pi
ne

Clock Inputs from top 
and bottom banks

HCLK Rows

16

16
16

16

Clock Inputs from left and right banks

Clocks from PLL/DCM and/or Fabric

Ve
rti

ca
l S

pi
ne

BUFG/BUFGMUX (16) & Switch Box

16

HCLK Row MUX

PLL

DCM(x2)

HCLK Rows

DCM(x2)

PLL

DCM(x2)

16
16

16
16

16

16

16

16

16

16

16

16

16

16

16

16

16

PLL

Clock Management TileAll 16 BUFGs
located in center

Vertical spines 
connect 
selectively to 
horizontal HCLK 
rows 

All regional 
fabric 
components are 
driven by BUFH
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41Spartan-6 I/O Clock Network

Special clock network dedicated for I/O logical resources
– Independent of global clock resources
– Super-fast speed up to 1 GHz

Dedicated clock drivers, driven by specific pins
– BUFIO2: for clock inputs
– BUFPLL: for CMT PLL

P    N

CMT PLL

IO bank

IOLOGIC

P    N

BUFIO2BUFIO2

BUFPLLBUFPLL
P    N P    N

IOLOGIC IOLOGIC IOLOGIC

8 Global Clock Inputs on each edge
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GCLK INPUT

BUFIO2 BUFIO2

To                      
BUFG or 
PLL/DCM

IOClk

IOCE
IOClk

IOCE

I/O
 L

og
ic

al

R
es

ou
rc

e

I/O
 L
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I/O
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GCLK INPUT

I/O
 L

og
ic

al

R
es

ou
rc

e

To                      
BUFG or 
PLL/DCM

Spartan-6 BUFIO2 Input Clock Router

BUFIO2 routes an input clock through dedicated 
paths to
– IOCLK network
– BUFG and then GCLK network
– PLL/DCM directly
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dcm1_clkout<9:0>

dcm2_clkout<9:0>
10

PLL
pll_clkout<5:0>

6CLKIN

CLKFB

CLKOUT<5:0>

DCM

10
CLKIN

CLKFB

CLKIN

CLKFB DCM

Clocks from BUFG

CLKOUT<9:0>

CLKOUT<9:0>

GCLK Inputs
Feedback clocks from BUFIO2FB

Spartan-6 Clock Management Tile (CMT)

Up to six CMTs per device
Each CMT = one PLL + two DCMs
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CLKFX

CLKFX180

CLKFXDV

STATUS[1]

STATUS[2]

LOCKED

PROGDONE

Spartan-6 DCM_CLKGEN Primitive

Provides advanced clock management 
features
– Dynamic Frequency Synthesis

• Change M/D on-the-fly through an SPI-like 
interface

• M: 2 to 255
• D: 1 to 255

– Free Running Oscillator
• An initial CLKIN toggling is required
• Freeze DCM once LOCK is achieved
• CLKIN can be simply switched away

– Can generate Spread Spectrum Clocks

Implements only advanced DFS functions 
– DLL is turned off
– No phase shift is available
– No phase alignment is available

CLKIN

RST

FREEZEDCM

PROGDATA

PROGEN

PROGCLK

DCM_CLKGEN

SPI Like InterfaceSPI Like Interface

NewNewNew
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PLL_BASE
CLKIN1
CLKFBIN

RST

CLKOUT<5:0>
CLKFBOUT

LOCKED

Spartan-6 PLL Primitives

CLKIN from 19 MHz – 500 MHz
– Internal VCO up to 1GHz for more 

flexible frequency synthesis
Synthesize Fout = Fin * M/(D*O)
– M: 1-64,  D: 1-52,  O: 1-128

Additional PLL_ADV features
– Cascade clocks to and from DCMs
– Can port legacy Virtex-5 designs to 

Spartan-6

PLL_ADV
CLKIN1
CLKFBIN

CLKOUT<5:0>
CLKFBOUT

RST LOCKED

CLKOUTDCM<5:0>

CLKFBDCM
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46Xilinx Clocking Software Support

Core Generator-based 
Clocking Wizard
– Same new wizard for 

Virtex-6 & Spartan-6

Fully customizable
– Clear, concise 

summary of resource 
utilization

Performs all the 
calculations on the 
user’s behalf
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47Agenda

System-Level Clocking Overview
High-Performance Clock Generators
Xilinx FPGA Clocking Resources
High-Speed Serial IO Clocking
Case Studies
Demo
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The Integrated Endpoint Block input system clock signal is called 
sys_clk. The core requires a 100MHz,125 MHz or 250MHz clock input
– The clock frequency used must match the clock frequency selection in 

the CORE Generator GUI
– In a typical PCI Express solution, the PCI Express reference clock is a 

Spread Spectrum Clock (SSC), provided at 100MHz

Virtex-6 PCIe Clocking

Virtex-6 
PCIe
Block

Virtex-6 
PCIe
Block
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The Virtex-6 PCIe block operated at Gen 2 data rate will require a 
250MHz input reference clock
– This restriction may be removed in a future version of this core

The Virtex-6 PCIe block operated at Gen 1 data rate can use a 100, 125, 
or 250MHz input reference clock

PCIe
100MHz
Clock

Virtex-6
PCIe Block

External
PLL

125/250MHz
CLKP

CLKN

PCIe
100MHz
Clock

Virtex-6
PCIe Block

CLKP

CLKN

Gen 1 System

OR

PCIe
100MHz
Clock

Virtex-6
PCIe Block

External
PLL

250MHz
CLKP

CLKN

Gen 2 System

Virtex-6 PCIe Clocking

Virtex-6 
PCIe
Block

Virtex-6 
PCIe
Block

Virtex-6 
PCIe
Block

External
PLL

External 
PLL
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50Virtex-6 PCIe Clocking Examples (Embedded System)

REFCLK 
@ 100MHz

PCIe LinkPCIe Switch or 
Root Complex 

Device

PCIe Clock 
OSC External PLL

CLK @ 
125 /250 

MHz

100MHz

Embedded System Using 125 / 250 MHz 
Reference Clock 

REFCLK 
@ 100MHz

PCIe Link

PCIe Clock 
OSC

100 MHz

Virtex-6 
Endpoint 
Device

PCIe Switch or 
Root Complex 

Device

Virtex-6 
Endpoint 
Device

Embedded System Using 100 MHz 
Reference Clock 
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51Virtex-6 PCIe Clocking Examples (Open System)

100MHz PCI Express
Clock (SSC)

PCIe
Link

PCIe Edge
Connector

CLK @ 125/
250MHz

Open System Add-In Card Using
125/250MHz Reference Clock

External PLL

100MHz PCI Express
Clock (SSC)

PCIe
Link

PCIe Edge
Connector

Open System Add-In Card Using
100MHz Reference Clock

Virtex-6 
Endpoint 
Device

Virtex-6 
Endpoint 
Device
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System-Level Clocking Overview
High-Performance Clock Generators
Xilinx FPGA Clocking Resources
Case Studies
Demo
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Virtex-5 FPGAHS DAC EXP Module

491.52 MSPS
I & Q 

Interleaved
DDR

I
245.76 MSPS

983.04 MHz

245.76 MHz
CDCM7005

PLL

245.76 MHz

Serial 
Interface

Q
245.76 MSPS

I&Q
modulator

Avnet V5 LX50 Development Board

Cos

Sin

245.76 MHz

10 MHz
osc

VCXO
983.04 
MHz

Ref SEL

ICS8442

100 MHz

PLL10 MHz

DDS Signal 
Generator

I & Q

Ext CLK

Case Study - Clocking High-Speed DACs

DAC5682Z

4x 
interpolation

www.em.avnet.com/exp-dac
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ADC

ADS62P49 EVM

Clock 
Generator

245.76 MSPS

IOB IDDR

D Q
245.76 MSPS

245.76 MHz

200 MHz

CDCE72010
PLL

245.76 MHz

20 MHz
Ref Clock

Case Study - Clocking High-Speed ADCs

Xilinx Virtex-6 ML605 Development Board

VCXO
245.76 
MHz

Virtex-6 FPGA

odd even odd even

sample n-1 sample n sample n-1 sample n

MMCM

MMCM

clock-capable IO BUFR

Same clock region
Phase shift

245.76 MHz
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Filter BPF
(Passive)
Filter

Power Temp
Sensor

PLLVC
O

Air Interface Frequency
1920 - 1980 MHz 

Amp DVGALNA BPFFilter ADC

CPRI 
Interface

GPADC/DAC

92.16 MHz 
Low Jitter

Clock

Filter BPF
(Passive)
FilterAmp DVGALNA BPFFilter ADC

ADC14DS105 
LVDS

Serial Data

LVDS
Serial Data

Clock

Frame

SYSCLK

LMX2531/41

IF Frequency
210 MHz

Bandwidth
20MHz

~1980MHz 210 MHz25.68MHz

Four Carriers
Each 5MHz BW
Total 20MHz

ADC InputADC OutputAntenna

1710 - 1770 MHz 
LO

30.72 MHz

30.72MHz 
Reference

92.16MHz
Fs

184.32MHz
2*Fs

LMK03000

LMH6515

Case Study - Diversity Receiver IF-Sampled

Virtex-6 FPGA

DDC

PLL

G
ig

aB
it

Tr
an

sc
ei

ve
r

CPRI

Jitter 
Cleaning

BUFR

Recovered 
clock

Clock 
Mgmt

Jitter 
Cleaner

Clock
Dist



Copyright © 2009. Avnet, Inc.  All rights reserved.

56

The QA0/nQA0 and QB0/nQB0 outputs can be set to 100MHz, 125MHz, 
or 250MHz using the F_SEL[2:0] inputs of the ICS874003-05 device.  

PCIe_RefClk_100_P

PCIe_RefClk_100_N

ICS874003-05

3
2
1

ON

3.3V

OFF F_SEL0
F_SEL1
F_SEL2

nQA0

QA0

PB
Switch MR

CLK

nCLK
nQB0

QB0 MGTREFCLK0P

MGTREFCLK0N

Case Study - PCIe Clocking on Avnet V6LX130T Board

Gigabit Transceiver
PLL

MGTREFCLK1P

MGTREFCLK1N

Gigabit Transceiver
PLL
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System-Level Clocking Overview
High-Performance Clock Generators
Xilinx FPGA Clocking Resources
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58Precision Timing Devices
Clock Design Tool

Easy Entry of 
Clock 

Frequencies 
and Formats

Choose
Architecture
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59Precision Timing Devices
Clock Design Tool

List of Potential
Solutions & 

Configurations
To Select
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60Precision Timing Devices
Clock Design Tool

Easy Device
Configuration
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61Precision Timing Devices
Clock Design Tool

PLL Loop
Filter Design
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Phase Noise
& Jitter

Simulations
& Analysis

National Precision Timing Devices Design Tool
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63Summary

Presented system level clocking requirements and 
performance metrics

Demonstrated industry-leading high-speed clocking 
solutions

Explored latest Xilinx Virtex-6 and Spartan-6 
clocking resources



Thanks for coming!

Please Visit the Demo Area!
X-fest General Info:  
http://em.avnet.com/xfest
X-fest Presentation Questions:
http://em.avnet.com/xfsupport2010



Supplementary Material
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67LMK01000 Clock Distributor
2:8 Clock Buffer, Divider, Distributor (30-fs Additive RMS Jitter)

* Jitter integrated from 12 kHz to 20 MHz

0.03 (add.)NA1 – 1600008LMK01020ISQ

0.03 (add.)

0.03 (add.)

RMS Jitter 
(ps) *

Outputs

NSID

1 – 1600

1 – 1600

Output 
Clock 
Range 
(MHz)

0

3

LVDS

NA

2:10 Clock Distribution

05LMK01000ISQ

NA80LMK01010ISQ

VCO 
Frequency 

Range (MHz)
Architecture

LVCMOSLVPECL

Features & Value Proposition
– Ultra-Low Additive Noise

• 30-fs of additive RMS noise

Markets
– Radio Unit of Base Station
– Test & Measurement, Military & Aerospace
– Medical Imaging & Ultra-Sound
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PLL + VCO + Clock 
Distribution

Architecture

0.8/0.4/1.21566 – 17241 – 860004LMK03002DISQ

0.8/0.5/1.21840 – 21601 – 1080044LMK03033DISQ

0.8/0.4/1.21470 – 15701 – 785035LMK03001DISQ

0.8/0.4/1.2

RMS Jitter 
(ps) *

Outputs

NSID

1185 – 12961 – 648035LMK03000DISQ

Output 
Clock 
Range 
(MHz)

LVDS

VCO 
Frequency 

Range (MHz)LVCMOSLVPECL

LMK03000 Clock Generator
Clock Generator with Internal VCO (<200-fs Additive RMS Jitter)

Value Proposition
– <200-fs Additive RMS Jitter for Clock Generation

Applications
– Test & Measurement, Military & Aerospace
– Medical Imaging & Ultra-Sound

* Jitter integrated from 12 kHz to 20 MHz
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PLL + VCO + Clock 
Distribution

Architecture

0.8/0.4/1.21566 – 17241 – 860004LMK03002/C/DISQ

0.8/0.5/1.21840 – 21601 – 1080044LMK03033/C/DISQ

0.8/0.4/1.21470 – 15701 – 785035LMK03001/C/DISQ

0.8/0.4/1.2

RMS Jitter 
(ps) *

Outputs

NSID

1185 – 12961 – 648035LMK03000/C/DISQ

Output 
Clock 
Range 
(MHz)

LVDS

VCO 
Frequency 

Range (MHz)LVCMOSLVPECL

LMK03000 Clock Jitter Cleaner
Clock Jitter Cleaner with Internal VCO (400 to 1200-fs RMS Jitter)

Value Proposition
– Low-Noise VCO

Applications
– Baseband Unit of Wireless Infrastructure
– 10/40/100Gbps Optical Transceivers

* Jitter integrated from 12 kHz to 20 MHz
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70LMK02000 Clock Jitter Cleaner
Clock Jitter Cleaner with External VCXO (20-fs Additive RMS Jitter)

0.2 (+VCXO)

0.2 (+VCXO)

RMS Jitter 
(ps) *

Outputs

NSID

1 – 860 

1 – 860 

Output 
Clock 
Range 
(MHz)

0

3

LVDS

NAPLL + Clock Distribution 
(VCXO)

05LMK02000ISQ

NA04LMK02002ISQ

VCO 
Frequency 

Range (MHz)
Architecture

LVCMOSLVPECL

Features & Value Proposition
– Low-Noise PLL and Distribution

• 20-fs of additive RMS noise

Applications
– Radio Unit of Base Station
– Test & Measurement, Military & Aerospace
– Medical Imaging & Ultra-Sound

* Jitter integrated from 12 kHz to 20 MHz
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71LMK04000 Clock Jitter Cleaner
Clock Jitter Cleaner with External VCXO/Crystal (<200-fs RMS Jitter)

0.2 (+XO)1566 – 17501 – 875403LMK04002BISQ

0.2 (+XO)1840 – 21601 – 1080222LMK04033BISQ

0.2 (+XO)1430 – 15701 – 785222LMK04031BISQ

0.2 (+XO)1430 – 15701 – 785005LMK04011BISQ

0.2 (+XO)1185 – 12961 – 648

Cascaded PLLs + VCO + 
Clock Distribution        

(needs external crystal or 
VCXO in PLL1)

403LMK04000BISQ

0.2 (+XO)1430 – 15701 – 785403LMK04001BISQ

RMS Jitter 
(ps) *

Outputs

NSID

Output 
Clock 
Range 
(MHz)

LVDS

VCO 
Frequency 

Range (MHz)
Architecture

LVCMOSLVPECL

* Jitter integrated from 100 Hz to 20 MHz

Features & Value Proposition
– <200-fs RMS Jitter for Clock Generation

Applications
– Test & Measurement, Military & Aerospace
– Medical Imaging & Ultra-Sound
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72LMX2531

Sigma-Delta
Fractional PLL

Low Noise
VCO LDO

Integrated Low-Noise VCO

More
LDOs

Programmable 3rd and 4th poles
1st & 2nd

poles
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73LMX2531

Existing Devices

1499 – 1510749.5 – 755LMX2531LQ1500E

2336 – 27901168 – 1395LMX2531LQ2570E

2178 – 24001089 – 1200LMX2531LQ2265E

1904 – 2274952 – 1137LMX2531LQ2080E

1834 – 2028917 – 1014LMX2531LQ1910E

1760 – 1866880 – 933LMX2531LQ1742

1726 – 1840863 – 920LMX2531LQ1778E

1662 – 1770831 – 865LMX2531LQ1700E

1590 – 1700795 – 850LMX2531LQ1650E

1530 – 1636765 – 818LMX2531LQ1570E

High Band
(MHz)

Low Band 
(MHz)

Part No.

Dec

Oct

NOW

NOW

NOW

NOW

NOW NOW1106 – 1184553 – 592LMX2531LQ1146E

NOW1184 – 1268592 – 634LMX2531LQ1226E

NOW1268 – 1360634 – 680LMX2531LQ1314E

NOW1360 – 1470680 – 735LMX2531LQ1415E

NOW1450 – 1580725 – 790LMX2531LQ1515E

Feb 092910 – 31321455 – 1566LMX2531LQ3010E

2710 – 2925

High Band
(MHz)

Feb 091355 – 1462LMX2531LQ2820E

Low Band 
(MHz)

Part No.

Recent releases & devices under development
Sam

ple
Date Rele

as
e

Date
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74LMX2531
Phase Noise Performance
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Ultra Low-Noise PLL
– Integer Mode (-224 dBc/Hz)
– Fractional Mode (-223 dBc/Hz)

• Programmable 4th order ΔΣ Modulator
– 100 MHz Phase Detector Rate
– Can be Used as Stand-Alone PLL (VCO bypass 

mode)
Very Wide Frequency Range
– 30 MHz to 4000 MHz continuous coverage

• 6 parts & odd/even divides up to 63 with 50% duty cycle
• See table for detail coverage per device

LMX2541 Ultra Low-Noise Synthesizer
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VCO: 1.9 – 4 GHz
(with 6 devices)

50 – 4000 MHz

Ultra Low-Noise PLL

LMX2541 Ultra Low-Noise Synthesizer



Copyright © 2009. Avnet, Inc.  All rights reserved.

77

offset (Hz)
10k 100k 1M 10M

-90

-115

-138
-155

Phase Noise at FOSC = 2 GHz

1k100

Industry’s 
Lowest Noise
SynthesizerLMX2531

Low Integrated
RMS Noise

LMX2541
~ 12 dB

dB
c/

H
z

LMX2541 Ultra Low-Noise Synthesizer



Copyright © 2009. Avnet, Inc.  All rights reserved.

78

-114

-109

-104

-99

-94

-89

-84

-79

-74

100 1000 10000 100000 1000000

Offset (Hz)

LM X2531 Simulat ion
LM KX12 Data
LM KX12 Simulat ion

LMX2541 Data

LMX2531 Model

LMX2541 Ultra Low-Noise Synthesizer

FFOSCOSC = 3641 MHz= 3641 MHz
PDF = 100 MHzPDF = 100 MHz
ICP = 3.2 ICP = 3.2 mAmA
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Integer Mode
FVCO = 3100 MHz
FPD = 100 MHz
ICP = 3.2 mA

PLL Noise = -224 dBc/Hz
RMS Noise           = 3.4 mrad

(1 kHz – 20 MHz)

LMX2541 Ultra Low-Noise Synthesizer
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Fractional Mode
FVCO = 3080 MHz
FPD = 100 MHz
ICP = 2.5 mA
Channel Spacing = 250 kHz

Spurs = -65 dBc
RMS Noise           = 4.2 mrad

(1 kHz – 20 MHz)

LMX2541 Ultra Low-Noise Synthesizer
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Number of Outputs
2 3 4 10

Differential I/O: 
LVPECL/LVDS/
CML Output

Single Ended 
I/O: LVCMOS 
Output 

1

CDCE72010

5

Industry’s Lowest Jitter
Clock Synchronizer

/Jitter Cleaner;
Up to 1500MHz

CDCM7005

CDCE62005

CDCM61004

CDC7005

CDCM61002CDCM61001

CDCE421A

Industry’s Lowest Jitter
Clock Synchronizer

/Jitter Cleaner; 
Up to 1500 MHz

Fully integrated 1-PLL; 
rms jitter <1ps; 
SPI/EEPROM 

Programmable 
Up to 1500MHz

rms jitter <1ps,
Xtal-in Clock 

Generator
with simple pin 

control;
44-683MHz

CDCL6010
Fully Integrated 
1-PLL multiplier 

with CML Output; 
Up to 1250MHz;
1.8V Operation

M
ax

 S
pe

ed

CDCE949
4-PLL; Xtal In  
Built-in VCXO; 
1.8V/3.3V;SSC;
Up to 230MHz;
I2C/EEPROM

rms jitter <1ps,
Xtal-in Clock 

Generator
with simple pin 

control;
44-683MHz

rms jitter <1ps,
Xtal-in Clock 

Generator
with simple pin 

control;
44-683MHz

CDCE906
3-PLL; Xtal In 
Built-in XO; 
3.3V;SSC;

300/167MHz;
I2C/EEPROM;

6 Output

CDCE706
CDCE925

2-PLL; Xtal In  
Built-in VCXO; 
1.8V/3.3V;SSC;
Up to 230MHz;
I2C/EEPROM

6 9

CDCE913
1-PLL; Xtal In  
Built-in VCXO; 
1.8V/3.3V;SSC;
Up to 230MHz;
I2C/EEPROM

CDCS502

Xtal/LVCMOS In
3.3V;SSC Driver;

Up to 108MHz

CDCS503

CDCS501

Integrated VCO External VCXO

Fully integrated 
1-PLL; 

rms jitter <1ps; 
SPI/EEPROM 

Programmable 
Up to 1100MHz

TI General Purpose Synthesizer Featured Products
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Number of Outputs

2 3 4 9

N
o.

 o
f  

PL
L 

Sy
nt

he
si

ze
r

6

4-PLL

3-PLL

1-PLL

1

CDCE949

75

2-PLL

Xtal Input  
Built-in VCXO; 
1.8V/3.3V;SSC

230MHz

CDCEL949

CDCE937

Xtal Input  
Built-in VCXO; 
1.8V/3.3V;SSC

230MHz

CDCEL937

CDCE925

Xtal Input  
Built-in VCXO; 
1.8V/3.3V;SSC

230MHz

CDCEL925

CDCE913

Xtal Input  
Built-in VCXO; 
1.8V/3.3V;SSC

230MHz

CDCEL913

CDCE906

Xtal Input  
Built-in XO; 
3.3V;SSC;

167/300MHz

CDCE706

CDCS502

Xtal/LVCMOS 
Input 

3.3V;SSC
108MHz

CDCS503

CDCS501

TI Single-Ended Synthesizer Featured Products
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• Input Clock: LVCMOS (160 MHz) and Crystal (8- 32MHz)
• VCXO input with ±150ppm (typ) pulling range
• Output frequencies up to 230 MHz @ 1.8V, 2.5V and 3.3V
• 9 low-jitter, low-skew high-performance outputs
• Three user-definable control inputs
• Spread-Spectrum Clocking
• On-chip EEPROM
• 1.8V supply voltage, 3.3V or 2.5V I/O for CDCE949 and

1.8V I/O for CDCEL949

• Wide I/O frequency range supports wide frequency 
ratio for Audio/Video clocking

• Enables Zero PPM clocking generation
• Supports frequency scaling and power saving
• Reduce EMI noise
• Easy to customize by EEPROM-Lock
• 1.8V ready – low power consumption
• 24 Pin TSSOP

• Digital Media Systems (Audio/Video)
• DSP, DaVinci and OMAP Attached
• IP-STB/TV/Phone
• Streaming Media (i.e. DVD-P/R)
• Automotive Entertainment
• Portable Media
• Print Media

1Ku / $2.20CDCE949PERF-EVM /CDCEL949PERF-EVM 

CDCEL9xxPROG-EVM

X in / C L K

X o u t

V D D G N D

V c t r

V D D O U T

V C X O

X O

L V C M O S
Y 2

Y 1

Y 3

L V
C M O S

D iv id e r   P 1
1 0 - B i t

Y 4

Y 5

Y 6

Y 7

Y 8

Y 9

L V
C M O S

D iv id e r   P 9
7 - B i t

D i v i d e r   P 8
7 - B i t

M
8

M
9 L V

C M O S

L V
C M O S

D iv id e r   P 7
7 - B i t

D i v i d e r   P 6
7 - B i t

M
6

M
7 L V

C M O S

L V
C M O S

D iv id e r   P 5
7 - B i t

D i v i d e r   P 4
7 - B i t

M
4

M
5 L V

C M O S

L V
C M O S

D iv id e r   P 3
7 - B i t

D i v i d e r   P 2
7 - B i t

M
2

M
3 L V

C M O S

P r o g r a m m in g
a n d

I 2 C  R e g is t e r

In p u t  C l o c k

M
1

P L L  B y p a s s

P L L  1
w i t h  S S C

M
U

X
1

P L L  B y p a s s

P L L  2
w i t h  S S C

M
U

X
2

P L L  B y p a s s

P L L  3
w i t h  S S C

M
U

X3

P L L  B y p a s s

P L L  4
w i t h  S S C

M
U

X
4

S 0
S 1 / S D A
S 2 / S C L

TI CDCE(L)949
1.8 V Programmable VCXO 4-PLL Clock Synthesizer with 3.3V/2.5V/1.8V I/Os
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85TI CDCS501/503APR09 - EMI Expert
Clock Driver with Optional Spread Spectrum Clocking (SSC)

• Saves BOM: single device covers multiple 
designs 

• Reduce EMI thru selectable amount of SSC 
modulation up to 10dB

• Saves component for higher frequency XO

• Small board space 
• Simple power supply scheme; applicable to 

wider applications with better reliability

General purpose clock driver 
with EMI reduction capability:
• Audio/Video entertainment 

•Flat Panel TV; Set-top Boxes;  
•Blu-Ray DVDR

• Printers; PCs
• Communications access 

point/gateway/networking card
• Industrial 

1Ku: $0.45/$0.50

S0
1 8 VDD

S1
2 7

CLKOUT
GND

3 6
SSC_on

CLKIN

4 5

CDCS501
S2

VDD GND

CLKOUTCLKIN

S0
S1
S2

LV
CMOS

SSC_on

PLL with selectable SSC

Spread
Selection

• Wide Input/Output freq. range
• 40 - 115 MHz for 501
• 8 – 32MHz Input/8-108MHz Output for 503

• Selectable Spread-Spectrum Modulation of 
±0.0%, ±0.5%, ±1.0%, and ±2.0%

• Selectable frequency multiplication rates of 1x 
and 4x (CDCS503 only)

• 8 pin TSSOP package
• Operation condition: Single 3.3V power supply, 

wide temperature range -40 , 85

VDD GND

OUTIN

SSC_SEL 0
SSC_SEL 1

FS

PLL with
SSC

LVCMOS

Control
Logic

OE

LV
CMOS

SSC_SEL 0
1 8 VDD

SSC_SEL 1
2 7

FSGND
3 6 OUT

XIN

4 5

CDCS503
OE
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Number of Outputs
4 5 6 9 10 12 16 >18

M
ax

im
um

 S
pe

ed
 (M

H
z)

8

1000-3500

600-800

100-200

<100

<=3

CDCM1804

CDCLVD110A

CDCL1810

CDCV304

CDCE18005

CDCLVP111

LVTTL/LVCMOS LVPECL/LVDS

SN65LVEL11

200-600

SN65LVDS108 SN65LVDS116

PLL Based 

CDCVF2310

2.5V 1:10 0-delay 
PLL driver, SSC
60MHz to 220MHz
Diff. SSTL2 
Signaling; DDR2

CDCVF857

CDCVF2505
3.3V 1:5 0-delay PLL 
driver; 4 -200 MHz; 
Three-State Outputs

CDCVF2509A
3.3V,1:9 0-delay 
PLL driver; SSC; 
20 - 175 MHz;
Auto Freq Detect 
to Disable Device
LVTTL I/O

CDCF5801A

3.3V 1:1 Multiplier:
×1, ×2, ×4, ×8;
25 -280 MHz; SSC
Programmable 
bidirectional delay 
steps of 1.3 mUI; 
LVPECL/LVDS/
LVTTL 

3.3V 1:5 Driver;
Jitter < 100fs, RMS 
up to 1500MHz 
Output selectable
among LVPECL/
LVDS/LVCMOS 
Individual phase adjust;
On-chip EEPROM

3.3V 1:4 LVTTL driver
up to 200 MHz
Jitter < 0.2ps, RMS
Output Skew: <100ps 
Output Enable

3.3V 1:8 0-delay PLL 
driver; 
10 MHz to 200 MHz; 
SSC;
Auto Frequency 
Detection to Disable 
Device;
25- On-Chip Series 
Damping Resistors 

CDCVF25081

CDC2582

3.3V, 1LVPECL:12 
LVTTL 0-delay PLL 
driver;
20 -100MHz;
26Ohm damping 
resistor at the output

CDC2536
3.3V, 1:6 LVTTL 0-
delay PLL driver;
25 -100MHz;
26Ohm damping 
resistor at the 
output;
3-state output

3.3V 1:10 LVTTL Driver
Jitter < 0.2ps, RMS
Skew < 100 ps
Up to 200 MHz
Output enable glitch 
suppression;
Output damping resistor

3.3V 1:2 Driver
Up to 1500MHz;
LVPECL;

3.3V 1:3 LVPECL+
1LVCMOS;
Jitter < 0.2ps, RMS
Programmable Output 
Divider;
Output Skew 15 ps for 
LVPECL
Up to 800-MHz 
LVPECL 
and 200-MHz 
LVCMOS

3.3V, 1:10 LVPECL 
Driver; 
Up to 3500MHz;
Output Skew 15 ps
Input Mux

3.3v, 1:10 LVDS 
Driver;
Jitter < 0.2ps, RMS
Up to 1100MHz
Outputs Enable

1.8V, 1:10 CML Driver;
Jitter < 30fs, RMS
LVDS Input;
Up to 650MHz 
50Ω Output Termination
Output divider; 

3.3V, 1:8 LVDS Driver;
Up to 400MHz;
12kV HDM ESD

3.3V, 1:16 LVDS Driver;
Up to 400MHz;
12kV HDM ESD

TI Fan-Out Buffer/Driver Featured Products
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87TI CDCLVP111 - 2.5V/3.3V 1:10 LVPECL Clock Driver 
with selectable input and input termination

High quality clock distribution for: 
Wireless BTS 
(Pico cell, WiMax, Macro Base band)
Data Communications
Medical
Test Equipment

1Ku: $6.15

1:10 Differential LVPECL Clock Outputs with Frequency Range 
From DC to 3.5 GHz
Supply Voltage Range From 2.375 V to 3.8 V
Low-Output Skew (Typ 15 ps)
Input Mux
LVDS, CML, SSTL input compatible
VBB Reference Voltage Output for Single-Ended Clocking
Available in the QFN32 and LQFP32 Package
Pin-to-Pin Compatible With MC100 Series LVEP111, EP111, 
ES6111, PTN1111

Wide range supports various applications and use one single 
device across multiple designs. 
Wide supply voltage saves additional cost on LDO 
Low skew ensures high quality clock distribution
Input  allows flexibility
Enables good quality single ended distribution for design flexibility
Small package saves board real estate
Drop-in replacement for competition
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88TI CDCLVP215
Dual 1:5 High Speed LVPECL Fan Out Buffer

High quality clock distribution for: 
Wireless BTS 
(Pico cell, WiMax, Macro Base band)
Data Communications
Medical
Test Equipment

1Ku: $6.15

2× 5 Differential LVPECL Clock Outputs with Frequency Range From 
DC to 3.5 GHz
Supply Voltage Range From 2.375 V to 3.8 V
Low-Output Skew (Typ 15 ps)
VBB Reference Voltage Output for Single-Ended Clocking
Available in the QFN32 Package
Pin-to-Pin Compatible With the On-semi MC100 Series EP210,  
LVEP210 (Drop in)

Wide range supports various applications and use one single 
device across multiple designs. 
Wide supply voltage saves additional cost on LDO 
Low skew ensures high quality clock distribution
Enables good quality single ended distribution for design flexibility
Small package saves board real estate
Drop-in replacement for competition
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89TI New PECL Translation Logic

SN65ELT20DGKRSN65ELT20DGK--MC10(0)ELT20DTR2(G)MC10(0)ELT20DT(G)

SN65ELT20DRSN65ELT20DSY100ELT20VGZTRSY100ELT20VGZMC10(0)ELT20DR2(G)MC10(0)ELT20D(G)

SN65LVELT22DGKRSN65LVELT22DGK--MC100LVELT22DTR2(G)MC100LVELT22DT(G)

SN65LVELT22DRSN65LVELT22D--MC100LVELT22DR2(G)MC100LVELT22D(G)

SN65EPT22DGKRSN65EPT22DGKSY100EPT22VKGRSY100EPT22VKGMC100EPT22DTR2(G)MC100EPT22DT(G)

SN65EPT22DRSN65EPT22DSY100EPT22VZGTRSY100EPT22VZGMC100EPT22DR2(G)MC100EPT22D(G)

SN65ELT22DGKRSN65ELT22DGK--MC10(0)ELT22DTR2(G)MC10(0)ELT22DT(G)

SN65ELT22DRSN65ELT22DSY10(0)ELT22LZGTRSY10(0)ELT22LZGMC10(0)ELT22DR2(G)MC10(0)ELT22D(G)

SN65EL16DGKRSN65EL16DGKSY10(0)EL16VKGTRSY10(0)EL16VKGMC10(0)EL16DTR2(G)MC10(0)EL16DT(G)

SN65EL16DRSN65EL16DSY10(0)EL16VZGTRSY10(0)EL16VZGMC10(0)EL16DR2(G)MC10(0)EL16D(G)

SN65LVEL11DGKRSN65LVEL11DGK--MC100LVEL11DTR2(G)MC100LVEL11DT(G)

SN65LVEL11DRSN65LVEL11D--MC100LVEL11DR2(G)MC100LVEL11D(G)

SN65EL11DGKRSN65EL11DGK--MC10(0)EL11DTR2(G)MC10(0)EL11DT(G)

SN65EL11DRSN65EL11D--MC10(0)EL11DR2(G)MC10(0)EL11D(G)

SN65LVEP11DGKRSN65LVEP11DGK--MC10(0)LVEP11DTR2(G)MC10(0)LVEP11DT(G)

SN65LVEP11DRSN65LVEP11DSY10(0)EL11VZGTRSY10(0)EL11VZGMC10(0)LVEP11DR2(G)MC10(0)LVEP11D(G)

2500 / Tape & Reel80 Units / Tube2500 / Tape & Reel98 Units / Rail2500 / Tape & Reel98 (100) Units / Rail

TI DeviceMircel DeviceON Semi Device
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• Total Additive Jitter <100 fs, RMS
• Low-Output Skew 15/20/25/30 ps, maximum
• Signaling Rate Up to 3GHz (min) 
• Differential Input Stage for Wide Common-Mode 

Range
• QFN-16/28/40/48 Package
• Operating conditions of 2.375 to 3.6 V, -40 to 85 C
• Low core current of 60/80/100/120 mA
• Universal Inputs (LVDS, LVPECL, LVCMOS/TTL)
• VBB pin for single ended operation

• Applications
•Router/Switch
•Datacom/Telecom
•Wireless Infrastructure
•Medical
•Networking
•General Purpose Differential clock 
buffering

~~

~~

LVPECL
LVDS
LVCMOS

LVPECL

TI CDCLVP1204/1208/1212/1216SUMMER09

2:4/8/12/16 Universal-to-LVPECL Fan Out Buffer

• Minimal impact on clock quality during distribution
• Better timing control among all outputs
• Single device across multiple designs
• Saves additional interface logic/external components
• Pin-pin compatible allows the same hardware 

strapping
• More application with improved reliability
• Power efficient
• Saves additional level translation logic
• Improved signal integrity when differential is not used
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• Applications
•Router/Switch
•Datacom/Telecom
•Wireless Infrastructure
•Medical
•Networking
•General Purpose Differential clock 
buffering

LVPECL
LVDS
LVCMOS

LVPECL

TI CDCLVP2102/2104/2106/2108SUMMER09

Dual Channel 1:2/4/6/8 Universal-to-LVPECL Fan Out Buffer

• Total Additive Jitter <100 fs, RMS
• Low-Output Skew 15/20/25/30 ps, maximum
• Signaling Rate Up to 3GHz (min) 
• Differential Input Stage for Wide Common-Mode 

Range
• QFN-16/28/40/48 Package
• Operating conditions of 2.375 to 3.6 V, -40 to 85 C
• Low core current of 60/80/100/120 mA
• Universal Inputs (LVDS, LVPECL, LVCMOS/TTL)
• VBB pin for single ended operation

• Minimal impact on clock quality during distribution
• Better timing control among all outputs
• Single device across multiple designs
• Saves additional interface logic/external components
• Pin-pin compatible allows the same hardware 

strapping
• More application with improved reliability
• Power efficient
• Saves additional level translation logic
• Improved signal integrity when differential is not used

Release: Summer 09
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• Operating Frequency: 24 MHz to 200 MHz
• Low Jitter (Cycle-cycle): <|150 ps| Over the 

Range 66 MHz–200 MHz 
• Distributes One Clock Input to One Bank of Five 

Outputs 
• Three-States Outputs When There Is no Input 

Clock 
• Operates From Single 3.3-V Supply 
• Available in 8-Pin TSSOP and 8-Pin SOIC 

Packages 
• Internal Feedback Loop Is Used to Synchronize 

the Outputs to the Input Clock 

1Ku / $0.75

TI CDCVF2505
1:5 PLL Clock Driver with SSC

• Integrated RC PLL Loop Filter Eliminates the 
Need for External Components

• Spread Spectrum Clock Compatible 
• 25- On-Chip Series Damping Resistors to 

reduce EMI.

• General purpose clock buffer
• Synchronous DRAM
• Duty Cycle Correction
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93Supplementary
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94Virtex-6 Mixed-Mode Clock Manager (MMCM)

Two software primitives
– MMCM_BASE has only the 

basic ports
– MMCM_ADV provides access 

to all ports

Eight independently 
programmable clock outputs
– O0 to O6 plus CLKFBOUT

Additional MMCM_ADV 
features
– Clock Input Switching
– Phase Shift Port 
– Dynamic Reconfiguration Port

CLKIN1
CLKFBIN
CLKIN1
CLKFBIN

CLKOUT<6:0>
CLKFBOUT

CLKOUT<6:0>
CLKFBOUT

MMCM_BASE

RSTRST LOCKEDLOCKED

CLKIN1
CLKFBIN
CLKIN1
CLKFBIN

CLKOUT<6:0>
CLKFBOUT

CLKOUT<6:0>
CLKFBOUT

MMCM_ADV

CLKIN2
CLKINSEL

DRP
Phase Shift

CLKIN2
CLKINSEL

DRP
Phase Shift
RSTRST LOCKEDLOCKED

Complements external PLLs, lowers system cost
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95Virtex-6 MMCM Connectivity

MMCM

Clock capable IO
(Inner IO Columns)

GTX clocks

Clock capable IO
(Inner IO Columns)

HROW clock HROW clock

G
lo

ba
l C

lo
ck

 in
pu

ts

To
 B

U
FG

To
 B

U
FG

To
 B

U
FG

Fr
om

 B
U

FG

To
 B

U
FG

CLKIN1
CLKIN2

CLKFBIN

Clock Capable IO can drive
MMCM and BUFG directly

Many possible inputs to 
each MMCM 
– CCIO from inner IO 

columns
– Global clock inputs
– BUFG
– GTX clocks

MMCM outputs drive
– BUFG
– BUFH in same region
– Performance Paths to 

BUFIO and BUFR
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96Extra MMCM Features

Fractional counters
– Ability to configure O0 and 

CLKFBOUT as counters with 
1/8th granularity (e.g. 2.125, 
2.250, 2.375 etc.)

– O0 and O5 counters can be 
combined

– CLKFBOUT and O6 counters 
can be combined

– Enables many more 
frequencies to be synthesized

Two methods of shifting phase
– Static Phase Shift using time-

shifted VCO outputs
– Dynamic Phase Shift using 

the PS port to change the 
phase on the fly in increments

0
45
90
135
180
225
270
315

VCO
Outputs

O0

O1

O2

O3

O4

O5

O6

CLKFBOUT

Signals can be phase-shifted in relation to each other
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97Additional MMCM Signals

Complement outputs
– O0-O3 of every MMCM have 

both True and Complement 
outputs

– Provide 180 degree phase shift
– Enables porting of Virtex-5 DCM

LOCKED
– Signal showing that the MMCM 

has locked on to the input 
frequency

CLKINSTOPPED/FBSTOPPED
– Status signals, indicating that 

the input or feedback clocks 
have stopped running

PWRDWN
– Disable / Enable signal to the 

regulated supply of each MMCM

VCOLFCPPFD O0

CLKFB

CLKIN1
CLKIN2

Routing Clock
Switch

D

CLKINSTOPPED

Lock

CLKFBSTOPPED

Stop
Detect

Lock
Detect

9

O1

O2

O3

O4

O5

O6

M
CLKFBOUT

HOLD

Additional signals to make the MMCM a powerful system component
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98MMCM Usage Models Clock Deskew

Precise phase relationship 
between input clock and 
output clock
– Most flexible solution but 

requires two global clock 
buffers

– Used in Source 
Synchronous and System 
Synchronous applications

CLKIN frequency must 
match CLKFBIN frequency
– i.e. Fin/D = Fvco/M

Example:
– Fin=250 MHz, D=1, M=3, 

O=1
– Fin/D = Fvco/M = 250 MHz

IBUFG BUFG

BUFG

CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

Controlled phase relationship between input clock and output clock
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When a controlled phase 
relationship between input 
clock and output clock is not 
required 
– MMCM used only as 

frequency synthesizer or 
jitter filter

– Only one global clock 
buffer is required

IBUFG BUFG

CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

Limiting functionality to frequency synthesis or jitter filter saves one global buffer

Input Clock

Output
Clocks

MMCM Usage Models Internal Feedback
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100MMCM to MMCM Connection

MMCM in the same CMT can 
be connected without the 
need for a global clock 
buffer
– Output clock will not be 

aligned to input clock
More clock frequencies can 
thus be generated

IBUFG

BUFG
CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

BUFG

CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

CLKOUT1 To 
Logic

To 
Logic

Dedicated connection between MMCM in CMT saves a global clock buffer
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101MMCM to MMCM Connection

MMCM in the same CMT can be 
connected without the need for 
a global clock buffer
– Output of first MMCM 

connected to CLKIN of second 
MMCM

– BUFG inserted from 
CLKFBOUT to CLKFBIN of 
the first MMCM to align output 
clock with input clock

– CLKFBOUT of first MMCM 
can also drive logic

More phase-aligned clock 
frequencies can thus be 
generated

Large number of phase-aligned clock frequencies can be generated

IBUFG

BUFG
CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

BUFG

CLKIN

CLKFBIN

CLKOUT0

CLKFBOUT

CLKOUT1

To 
Logic

To 
Logic

BUFG

To 
Logic
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102Clocking Wizard Flow

Step 1:
•Select desired MMCM 
features
•Enter input frequency and 
jitter requirements

Step 2:
•Choose number of output 
clocks
•Select frequency, phase 
and duty cycle of all output 
clocks

Step 3:
•Select input clock buffer 
source, output clock 
buffers
•Choose which optional 
pins to use and specify the 
feedback path

Step 4:
•Review / edit settings 
(Bandwidth, 
Compensation)
•Review / edit values 
(period, jitter, phase)

Step 5:
•Review summary of 
MMCM configuration prior 
to generating design 

Step 6:
•View resource summary, 
XPower parameters and 
generated files

Simple steps give the user full control
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103AUTOBUF

AUTOBUF is a simple buffer 
to be used in place of all 
clock buffers
– Software makes the right 

buffer choice
Single-input buffers only
– Cannot invoke buffers with 

clock enable, frequency 
divide, or select ports

Can be overridden with 
Buffer_Type attribute
– Gives the user control over 

implementation if needed

BUFIO

I O

IBUFG

I O

BUFR

I O

BUFG

I O

AUTOBUF

I O

BUFH

I O

Simplifies clock buffer choice
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1600 MHz1440 MHzVCO Maximum Frequency

6-18 (double size)18-24Number of Clock Regions

8 GC pins and up 
to 72 CCIO3

20 GC pinsGlobal Clock Capable IO

32 BUFGCTRL 
and up to 216 

BUFHCE2

32 BUFGCTRLClock Gating Options

Two MMCMTwo DCM and one 
PLL

Clock Management Tile

Up to 9Up to 6CMT per device

Virtex-5 Virtex-6

Global Clock Buffer Maximum Frequency 
(BUFG)

710 MHz 800 MHz

Regional Clock Buffer Maximum Frequency 
(BUFR)

300 MHz 500 MHz

IO Clock Buffer Maximum Frequency (BUFIO) 710 MHz 800 MHz
Horizontal Global Clock Buffer (BUFH) No 12 per region
Low-Jitter Path to IO (Performance Path) No 4 per IO Column 

per region

1600 MHz1440 MHzVCO Maximum Frequency

6-18 (double size)18-24Number of Clock Regions

8 GC pins and up 
to 72 CCIO3

20 GC pinsGlobal Clock Capable IO

32 BUFGCTRL 
and up to 216 

BUFHCE2

32 BUFGCTRLClock Gating Options

Two MMCMTwo DCM and one 
PLL

Clock Management Tile

Up to 9Up to 6CMT per device

Virtex-5 Virtex-6

Global Clock Buffer Maximum Frequency 
(BUFG)

710 MHz 800 MHz

Regional Clock Buffer Maximum Frequency 
(BUFR)

300 MHz 500 MHz

IO Clock Buffer Maximum Frequency (BUFIO) 710 MHz 800 MHz
Horizontal Global Clock Buffer (BUFH) No 12 per region
Low-Jitter Path to IO (Performance Path) No 4 per IO Column 

per region

Virtex-5 / Virtex-6 Clocking Comparison
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CLK0

CLK90

CLK180

CLK270

CLK2X

CLK2X180

CLKDV

CLKFX

CLKFX180

STATUS[7:0]

LOCKED

PSDONE

DCM_SP Primitive

Provides access to traditional clock 
management features
DLL
– On-chip de-skew
– Phase shift (fixed or variable)

DFS
– Static Frequency Synthesis

Can tolerate incoming spread spectrum 
clock
– Refer to XAPP469

Automatic frequency search
– No need to explicitly set 

LOW/HIGH_FREQUENCY_MODE 
for both DLL and DFS

– Same as in Spartan-3A 
but different from Virtex-5

CLKIN

CLKFBIN

RST

PSEN

PSINCDEC

PSCLK

DCM_SP

Retained DCM functions from Spartan-3A, including both DLL and DFS 
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106
Spartan-6 DCM_CLKGEN: M/D Dynamic Configuration

PROGCLK

PROGEN

PROGDATA

PROGDONE

LOCKED

LoadD
command

LoadM
command

“D-1” value
(2 = 00000010)

“M-1” value
(13 = 00001101)

GO
command

GAP GAP

Lock time depends on 
– PROG_MD_BANDWIDTH attribute setting (see User Guide for further 

reference)
– The magnitude of the frequency change

Three SPI commands to change M/D on-the-fly
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CLKFX_MULTIPLY = ?
CLKFX_DIVIDE = ?

DCM_CLKGEN

DCMFREEZE

CLKFX

CLKIN

LOCKED

FPGA soft 
control logic

Drive CLKIN at a steady rate 
until LOCK has been achieved.
Connect LOCKED output pin to 
DCMFREEZE input pin

DCM Freezes: Used as a free running oscillator

CLKFX output continues at the 
locked frequency even if CLKIN has 
stopped toggling

Step1Step1Step1

Step2Step2Step2

DCM_CLKGEN: Free-Running Oscillator
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Time

Frequency

Center Spread
+/- x%

Input
Frequency

Downspread
-y%

Frequency

Time

Input
Frequency
+x%

Input
Frequency
-x%

Input
Frequency
-y%Frequency

Deviation

Modulation
Frequency

Input
Frequency

Frequency
Deviation

Modulation
Frequency

Three spread spectrum modes are supported
– 24 MHz (input frequency), down-spread (amplitude y to be characterized),  

triangular modulation
– 75 MHz (input frequency), center-spread (amplitude x to be characterized), 

triangular modulation
– 90 MHz (input frequency), center-spread (amplitude x to be characterized), 

triangular modulation

DCM_CLKGEN: Generates Spread-Spectrum Clocking 
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PLL/DCM

ILOGIC

CLK_REF or CLKIN

CLKFB

CLKMX

GCLK Pin

IOI

BUFG/
BUFPLL

BUFIO2

BUFIO2FB

CLKOUT

BUFIO2FB is added to match clock routing delays between CLKIN and CLKFB
Software automatically inserts the buffer without need for user attention

DCM/PLL Automatic De-skew


