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X4 Objectives i
Accelerating Your Success™

= 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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X4 Agenda *
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System-Level Clocking Overview
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X4 . Challenges of High Performance Clocking

5

N

Accelerating four Success”

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

==AVNET



dfest High-Performance Clocking / Wireless

Accelerating four Success”

= Clock quality has direct impact on system performance

‘ Digital Down Converter
o

MMCM /
DCM

PLL Jitte_r
Cleaning
PLL

Recovered
clock

& ©

PLL

T, 2= DUC

GIGABIT TRANSCEIVER

Digital Up Converter
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= Period Jitter ‘]TORMS

Clock Jditter !

Accelerating four Success™

< T —
SN\l —/

— Deviation in clock period (from ideal Tjy) over many samples

i-1 |
= Cycle-to-Cycle Jitter JCCRMS /_\_/_\_/

— Difference in two consecutive periods (over many samples of

consecutive periods)

= Equivalent to standard deviation
O of Gaussian distribution

Histogram

JRMS /|

Average
difference
in period

A

# of times a
period is
observed
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Jitter Budget Analysis and BER

* ’ Timing Budget ?

_Q\@( s
NP

ataSheet
Clock

ource

/JRMS = ops

\ BER target

= 10°10
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X

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

Jitter Budget Analysis and BER

1

9

Accelerating Your Success™

BER = Eerfc(\/g* a)

Probability —=

PDF of Gaussian.distribution-with variance of 1

2 T 'slgma Bounds 9595555 09%

] e

-10

-3

& 4 2 0 2 4
Normalized Standard Deviation

B

8

10

Ex: BER target = 1010
Jrms = OPS

From erfc table find a =12.723
Jop = a*Jrus
=63 ps

==AVNET
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X4 Oscillator Phase Noise and Jitter

ataSheet
Clock

(’Source

/Phase nois
dBc/Hz

_oosignal

o EMNRFE:; 754 dBFS
SFOR:  98.8 dBFS

Analog: 155 MHz
Encaode: 61.44 MHz

RMS Jitter

10

Accelerating Your Success™
Signal to Noise Ratio
(SNR)

Target =
260 fs
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11

4 Phase Noise

Ex: fo = 122.88 MHz
/K A”g“"h
frequenc :
>f =

122.88 MHz of clock

Accelerating four Success™

phase noise
_____ Sample instant = phase 0

= Deviation from center frequency
— Ex. 122.88 MHz

= Evaluated thh a spectrum analyzer ‘]T ORM S =

= Measured in dBc/Hz 27ch|k
~ -100 -100 -

T 00 _ A2X107%%
8 300 27X122.88x10°
T -400 126 -127

(O —

2 -500 o = 262 fs

S Phase noise in region =

- (-100 — 126)/2

g 000 o0 - 100 153
5 -700 | -158

Z -800 Total Phlase noisein integralltion bandwidth fromI 100 Hz ... 20 MHz |: -76.88 dBc ! ‘ Frequencg/ offset

1 KHz 10 KHz 100 KHz 1 MHz 10 MHz from foy
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X4 Clock Jitter in High-Speed Sampling System *

Accelerating Your Success™
e | Signal to Noise Ratio

\ADC i b ?'f?ﬁm N (SNR)
@ clock \ | e
\ Bandwidth
N — 100 MHz

RMS Jitter SNR Target

calculation
© =96 dB

/ Jrms =
260 fs
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X4 Clock Jitter in High-Speed Sampling System 7

Accelerating Your Success™

= 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)

SNR & ENOB Vs Jg e

100 for various input frequencies
— 1 16 Bits
SNR =20 Ioglo[zf—‘].} SNR oo
T e (dBFS) %o 14 Bits
80 N{i@ ENOB
Jrvws = Sample clock RMS jitter (ps) ol \z; 12 Bits
ENOB = Effective Number of Bits o .
60" \%\
5 \
10MHz 100MHz 1GHz

FULLSCALE SINEWAVE INPUT FREQUENCY

==AVNET



Spread Spectrum Clocking y

Accelerating Your Success™

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 PCle

Pure tone generates EMI /(pread spectrum clock

> f > f
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x Clock Skew N
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= Time offset between edges of same clock at different
physical locations on the board or in FPGA

= Due to different routing delays

INPUT rror due to
@ s _.(:i)_.D Q_B._.<:>_.D C
D QA O- clock skew
CLOCK
GO {@~> ~Go—
A B C
2 cycles
< 3 cvcles A&C / \ / \ / \ / \ /
cnock/\/\/\/\/ °;c.ock\/\=/\/\/\/
or T\ on ST\
o I\ Expected operation .. _ 7 \_Clock skewed version
Q.c / \ oc "\
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X4 Clock Skew N
Accelerating Your Success™

" Clockskew % \\\ ////

—

= Unrelated to jitter iS;// \\\ ////

= Minimize clock skew — E;j—itter
— 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

==AVNET




X4 Review Questions :
Accelerating Your Success™

= 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 ?

==AVNET



Agenda

High-Performance Clock Generators

18
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x National LMK Family Precision Clock Conditioners *

Accelerating Your Success™

= LMKO01000 1.6 GHz Clock Distributor
— 2:8 Clock Buffer, Divider and Distributor (30 fs RMS additive)

= LMKO02000 Clock Conditioner
— Jitter Cleaning & Clock Distribution (0.2 ps RMS* with VCXO)

= LMKO3000 Clock Conditioner with Integrated VCO
— Jitter Cleaning, Clock Generation & Distribution (0.4ps RMS¥*)

= LMKO04000 Clock Conditioner with Dual PLL (+Crystal)
— Jitter Cleaning, Clock Generation & Distribution (0.15ps RMS¥)

& National
* Integration bandwidth of 12 kHz to 20 MHz ;"ﬂmfﬁondﬂcfﬂr
==AVNET



National LMK04000 20
‘ Dual-Loop Precision Clock Conditioner

Accelerating Your Success™

= High Performance & Low BOM Cost Excellent

_ VCXO Mode Jitter Cleaner

(no more VCXOs)
e Joyc Of 184 fs RMS (100 Hz — 20 MHz)
. Crystal (<$1
— Crystal Oscillator Mode s ol

e Joys Of 260 fs RMS (100 Hz — 20 MHz) []

%

" Features PLLL  PLL2

— Default clock upon power-up
» Clock before any programming

— LVCMOS, LVPECL and LVDS Distribution
— Redundant Input
» with Automatic and Manual Modes ﬂs‘mﬁ,ﬁ,’}:ﬁm

==AVYNET



National LMX2531 2
‘ High Performance Frequency Synthesizer

Accelerating Your Success™

Fully Integrated Ultra-Low Noise VCO
— Up to 10dB better than next monolithic competitor

Programmable 4t order AX Modulator
— Enhanced spurious performance

Freqg. Range of 553 to 2790 MHz
— New devices up to 3132 MHz

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

National
Semiconductor

==AVNET"



X{ <t National LMK / LMX Timing Subsystem 2

Accelerating four Success”
12.288MHz
6Laamiz ) |:|
S

LMKO01000

61.44MHz 61.44MHz

System recovered
dirty clock

= 61.44MHz dirty source recovered from system

= |LMKO04031's 1st PLL cleans clock with 12.288MHz crystal
= LMKO04031's 2"d PLL generates clean 61.44MHz clock

= LMKO01000 duplicates up to eight 61.44MHz clocks

= LMX2531LQ2080E generates low phase noise LO at 2GHz and
1GHz

= User selectable crystal or VCXO operation National
_Semicondactor

==AVNET



p Tl Clocks Portfolio at a glance... 23

High Precision, Best in Class
Jitter Performance

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

CDCE72010

Industry’s Lowest Jitter
Clock Generator / Jitter Cleaner
with large fan outs

CDCM7005

Industry’s Lowest Jitter
Clock Generator / Jitter Cleaner
with large fan outs

Highly Flexible and
Programmable Solutions

CDCE(L)949

Industry’s Most Flexible and

Fully Programmable
4-PLL Clock Synthesizer

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

Accelerating four Success”

Solving EMI with
SSC Clocking

CDCS501NEW

EMI Expert -
Spread Spectrum
Clock Driver

CDCS502NEW

EMI Expert -
Spread Spectrum
Clock Driver / Multiplier
(Xtal Input)

CDCS503NEW

EMI Expert -
Spread Spectrum
Clock Driver / Multiplier
(No Xtal Input)

13 TEXAS
INSTRUMENTS
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CDCM61004/2/1New 24

‘ 1:4/2/1 Crystal In 44MHz-683MHz Clock Generator
Accelerating Your Success™

Features Benefits
= Single ended or crystal reference input from = Up to 50% cost savings to XO based solution

21.875MHz to 28.47MHz = One single device across multiple designs, replacing
= Fully Integrated VCO and loop filter generates up to 4 discrete XOs _

various higher frequencies between 43.75- = 50% less jitter, improve BER (Bit-Error-Rate)

683.264 MHz = Lower cost development and production
= LVCMOS output frequency up to 250MHz = Output interface flexibility saves additional translation

. logic/components on board
=L tter (< 1ps RMS, 10k-20MHz), ~ 25ps, pk-pk : :
ow jitter (< 1ps 2) PS, PP = Allows direct crystal tuning

= Configuration changes through control pins :
= Same foot print enables the same hardware
= Each output selectable between LVPECL, LVDS Strapping for mu|t|p|e designs
and 2-LVCMOS

= Input Crystal bypass mode: OSC_OUT pin
* Pin-pin compatible family CDCM61004/2/1

_
% 1 -
. . XTAL/ Osc/ - H i CDCM61001
Applications wevos 5 | & [ 5|2 ;_ p
. =||3 —;_ CDCM61002
= Precision clock generator 2H 5 ST
. |l L
= Router/Switch S ;_ CDCMBL004
= Datacom/Telecom/Networking +—F _vaecu
) PR[1,0 ,
= Wireless Infrastructure 1.0} oni2.0) Lvos/
= Any application that needs clean clock in .

1P TEXAS
the supported frequency range 1Ku / $6.50/5.00/4.20 ESTRUMENTS

==AVNET"



CDCE72010N=W 25

‘ Ten Output Low Jitter Clock Synthesizer
Accelerating Your Success™
Featu res © I }—IE)S(’I%EUMENTS
= Dual Universal Reference Inputs X &
— LVPECL, LVDS, LVCMOS = Output Blocks
— Supports manual or automatic switchover ® > .
= Integrated Low Noise Integer-N PLL Smart fmmmml L -
— Very Low Output Jitter: <200 fs RMS = > — =
— Residual jitter < 50 fs (distribution section) = T | (1-/80) -
= 10 LVPECL/LVDS and/or 20 LVCMOS Outputs Synthesizer ] OWerz AES_&
—  LVPECL up to 1500 MHz, LVDS up to 800 MHz, ity Block (1-150 =
LVCMOS up to 250 MHz Divider 3 X
— Programmable skew adjust Interface (1-/80) Aﬁi—ﬂ
] . X Interface ) & Divider 4 —X
: :—rI](t);t Interface: SPI ctoﬁ‘tml M e 4@—@
grated EEPROM Block —— -
:H E5N524 Signal Snurfe Analyzer . :: T (/1 - /80) 4&_&
ivider —X
EEPROM I I(D/l-d/80§ 4@_&
ivider —X
I I(3/1-d/80§ 4&_@
- Divider 8 X
(/1 - /80) -
[ ] - _&
Jops = 206 fs | Applications =

1KHz-40MHz = Wireless Systems

= High Performance ADC/DAC Clocking

= I = High Speed Communication Links
TPhase Hoise: iz=s 1SN (RSN FSRNNI] Ot (e e TiE —

== AVYNET




CDCS502NEW - EMI Expert 26
‘ Xtal-In Clock Generator / Optional Spread Spectrum Clocking (SSC)

Accelerating Your Success™

Features Benefits
= Crystal input from 8MHz to 32MHz = Replacing more costly crystal oscillators
= Selectable multiplier rates of 1x and 4x so that = Wider output frequency range enables one
generate output frequency from 8MHz to 110MHz device across multiple designs
= Selectable Spread-Spectrum Modulation of £0.5%,  * Reduce EMI thru selectable amount of SSC
+1.0%, and +2.0% modulation up to 10dB
= 8 pin TSSOP package = Low board space consumption
: : = Simple power supply scheme; Applicable to
= Single 3.3V power supply, wide temperature range ; o g A
_409 85 P PRY P 9 wider applications with improved reliability
Vb GND
. [l XIN
Applications T
_ _ = X0 ssvg L ouT
= XO replacement with EMI reduction need: Ll >
= Digital Audio/Video Entertainment ssc S;‘f‘;‘ R
= Flat Panel TV; Set-top Boxes; Blu- ssc:SEL1§ >
Ray DVDR FS >
= PCs, Printers
= Communications access
point/gateway/networking card Anp 1 8 | Xour
. SSC_SEL 0] 2 7 |vbD
" Industrial ssc_seL1|3  ©PCSS02  glout ]
4 5

GND FS 13 TEXAS
1Ku/$0.95 INSTRUMENTS

==AVNET



X

Spartan-6 GTP reference clock source

Maxim MAX3674 Programmable Clock Source

Accelerating Your Success™

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)

REF_CLK

XTAL1
XTALZ2

REF_SEL

SDA
SCL
ADR[1:0]
P
PLOAD
M[9:0]
NA[2:0]
NB

CLK_STOPx
BYPASS
v

s

QA

uB

LOCK

> o fo B
/P PLL fvco ( 3 6'4) > |
: (2.4) 1360MH2TO | '
KTAL REF 9720MHz ‘
/NB | foB
4 (1,2) |
T g
P
| L/Pfg[afLLEL - T
-
CONFIGURATION
REGISTERS [ >
2NAX1 AN
¢ " MAX3674

== AVNET
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Agenda

Xilinx® FPGA Clocking Resources

28

Accelerating Your Success™
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What is FPGA Clock Routing? ”

Accelerating four Success”

= Buffers and routing connect clock signals
from their source to their many destinations

— Sources can be input pins, clock

management blocks, other circuitry R I R

— Destinations can be logic, clock D g |
anagement bocks, o pns I

T TR THI I

o . T T TR I D T

= Clock routing is usually driven by clock LTI TR T T
buffers TR T T

. . T TTRIT T TR

— Different types of routing can be accessed T TSI T T

by different types of buffers IR TG

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




(fest| Virtex®-6 Clocking ’

Accelerating four Success”
= 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 Ld Automatic
— Up to nine CMTs per device : >HDL code
— Performs frequency synthesis,
clock de-skew and jitter-filtering

= Easy-to-use software
— Fast and simple access to the circuitry

== AVNET
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X4 'est Virtex-6 Clock Routing a1

Accelerating four Success”

BUFG(CTRL)
IGNOREL
CE1l
. . . S1
= All 32 BUFGs reside in center of the device
— Can drive global clock spine across entire device I'; >0

= Twelve BUFHs per clock SOJ

BUFH(CE) CEO

region IGNOREO

— Up to eighteen clock
regions per device

— Power saving by
turning off, or gating,
clocks to specific
regions

= 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

I o N
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dfe: Virtex-6 Regional Clocking Connectivity

Accelerating four Success”

Mixed-mode Clock Manager (MMCM ) A
@)
10 20 10 MMCM =
Column Interconnect Column o)
Rows 5
Pomm e m e g S
1 1
1
: Interconnect 2 o 6, 2 Interconnect:
8 : 1 1] 7 | !
! CE /) 2 '
! 32 o 32 !
11 !
: % 28 * 28 !
1 8 PY 8 :
: / !
11 !
L R : |
1 / !
: 32/ 8 X
BUFR BUFR | 4
1
CCIO ; va ® Py 4
A e I O O S :
|_
20 3
Interconnect X Global
-
Rows MMCM O BUFG Clock
Pin

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




x ;_ Virtex-6 BUFIO (10 Clock Buffer) N

Accelerating four Success”

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

= Driven by:

— Clock Capable Inputs in the same clock
region

— MMCM outputs via High-Performance
Paths

= Can drive:

— 10 Logic in the same and adjacent
regions

— BUFIO can drive logic resources only in
the same 10 column

= Intended for clocking high speed IO logic




X‘ﬂ“ Virtex-6 Performance Path Routing -

Accelerating four Success”

= Four Performance Paths driving
each inner/outer L/R 10 column

= Driven by MMCM outputs O0-O3

\AAA/
= Can drive BUFIO, BUFR vwww
;;— JIDINEREINENN
* Powered by regulated supply .
within each MMCM ——
— Isolated from noise on Vccint i
— Cleanest path from MMCM to
IO columns
— Lower jitter than any other —
routing

= Best performance for clock
forwarding through OSERDES

Performance Paths enable fast 10 in_terfaces

==AVNET



X4 What is FPGA Clock Management? ®

Accelerating Your Success™

= Systems usually require

i — multiple clock frequencies from
o == |—E5

— 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

==AVNET"
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4 Virtex-6 MMCM Internals

Phase / frequency detector compares  grouting—»

CLKIN with CLKFB

Clock
Switch

— Up to 550 MHz inputs

CLKINT—>

— Adjusts charge pump output voltage  CLkinz—»| ||
— Charge pump controls the VCO
frequency (up to 1.6 GHz) CLKFB >
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; 0O:1...128
VCO
Two methods of shifting phase ouotiis

— 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

\ 4

Accelerating Your Success™

Lock
Detect

\ A 4

—Lock

| '

\ 4

PFED» CP [ LF —>v(309/

Stop HOLD
Detect

I‘VCLKINSTOPPED
—»CLKFBSTOPPED

T

(0]0]

o1

02

O3

04

05

06

M
CLKFBOUT

IR

45

L 1L 1T 1 71 7 1 T
s [ 1L L 1 I 1 T 1 [T 1T

270

315

1 1 11
] L

1
|

1]

II_I

==AVNET
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x el Virtex-6 MMCM Usage Example Y
— Accelerating four Success”
Requirement:
= 33.3 MHz external oscillator controls:

— 533 MHz data captured by 10 logic
— Large amount of logic at 66 MHz
— Small design at 54 MHz

= Phase relationship between input clock
and output clock is irrelevant

CLKOUT1 Performance
Solution: Path '
BUFG
= MMCM values ok | .
— M=16, D=1, 00=9.875, O1=1, O2=8
= (Generates: CLKFBIN

— 54 MHz on clkoutO CLRSl
* OO0 set to 9.875 using fractional counter

— 533 MHz on clkoutl
» Drives BUFIO via performance path

— 66 MHz on clkout2
» Drives BUFG for general distribution

MMCM

CCIO CLKIN1

CLKOUTO

?UFH
|

==AVNET
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x < MMCM Usage Model - Zero Delay Buffer ”

Accelerating four Success”

= Single clock drives multiple
external components

= FPGA aligns clocks at the i

CLKFBIN

MMCM

CLKFBOUT

board level to minimize skew

= Feedback signal also drives
off- chip lInside

— Board trace length matches |L=—~"~" NSRS~~~ "~~~ "~
trace length to external
components

— Clock edges are thus aligned
at the input of the FPGA and @

the input of the external
//'/'

Component
Equal length traces on the board

==AVNET



X4 Spartan®-6 Clocking Highlights *

Accelerating Your Success™

= Two Types of Clock Networks:

— Enhanced global clock network
* Up to 16 global clocks in each device
 Maximum frequency: 375 MHz
— Dedicated 10 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

ll

==AVNET"
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Spartan-6 Global Clock Network

All 16 BUFGs
located in center

Vertical spines
connect
selectively to

h (0] ri Z0N tal H C L K Clocks from PLL/DCM and/or Fabric ﬂ]’ﬁ—:,

rOwWs

All regional
fabric
components are
driven by BUFH

40

Accelerating Your Success™

[«b]
c
o
)
a_
[15
_ O
Clock Management Tile 5
HCLK Rows =
- : 16 H HCLK Rows
A o) ey 1
a 7 DN
16
- 16, e PLL p 16, 4
T ! e o> |7 v
‘_ 16, €% DCM2) »~ |16, €
7 e > [’ if
. 16, _
ClOCk |npUtS from |eﬁ and I‘Igh'[ bankS 7 » /\/\/\/\/\/\/\/\ 16 C|ock |nputs from top
and bottom banks
AYAVAVAVAVAVAVAV/
16/ PLL >
16 P > 16,
« 7 i - o—»D 7
B 16, / <& DCMx2) >~ 16,
B / e — > ’
o 16, &+ PLL » 16, g
i ’ < —o> / it
HCLK Rows [ '_'""' AAAAAAAAAAAAA HCLK Rows
: 6 G e
: @ : HCLK Row MUX
| DCM (/53_
BUFG/BUFGMUX (16) & Switch Box 62) s
v %
(5]
> S

t



X

Spartan-6 I/O Clock Network

41
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8 Global Clock Inputs on each edge
1O bank P NP N

P NP N

YYH .............. ”yy

IOLOGIC

................................................... |IOLOGIC

IOLOGIC

CMT PLL

IOLOGIC

= 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

— BUFIOZ2: for clock inputs
— BUFPLL: for CMT PLL

AVNET



X

Spartan-6 BUFIO2 Input Clock Router

42

Accelerating Your Success™

= BUFIO2 routes an input clock through dedicated
paths to

— |OCLK network
— BUFG and then GCLK network
— PLL/DCM directly

GCLK INPUT

BUFIO2

hl

i
<«

I/O Logical

Resource

1/0 Logical
Resource

vV Yy

To
BUFG or
PLL/DCM

GCLK INPUT

BUFIO2

IOClk

vy

To
BUFG or
PLL/DCM

d
l

&
—

I/O Logical
Resource

I/O Logical

Resource

IOCE

ll

==AVYNET



X4 ect Spartan-6 Clock Management Tile (CMT) *

Accelerating four Success”

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

Clocks from BUFG
Feedback clocks from BUFIO2FB
GCLK Inputs

‘ CLKIN 6
CLKOUT<5:0> ,‘

CLKIN

» pll_clkout<5:0>
.-CLKFB PLL ¢

CLKOUT<9:0> e dcml_clkout<9:0>
CLKFB DCM

CLKIN

CLKOUT<9:0> » dcm2_clkout<9:0>

c.kre DCM

==AVNET



X{ . Spartan-6 DCM_CLKGEN Primitive “

Accelerating four Success”

= Provides advanced clock management New
features N
— Dynamic Frequency Synthesis

« Change M/D on-the-fly through an SPI-like
Interface CLKIN CLKFX

DCM_CLKGEN

e M:2to 255 I:?E-EZEDCM CCLLKKF;:;(;

e D:1to 255 .
— Free Running Oscillator STATUSI2)

* Aninitial CLKIN toggling is required .

» Freeze DCM once LOCK is achieved L e

e CLKIN can be simply switched away PROGCLK |

— Can generate Spread Spectrum Clocks

= Implements only advanced DFS functions J
— DLL is turned off -
— No phase shift is available
— No phase alignment is available

=SAVNET



X4 .- Spartan-6 PLL Primitives "

Accelerating four Success”

= CLKIN from 19 MHz — 500 MHz PLL_ADV

CLKIN1  CLKOUT<5:0>

— Internal VCO up to 1GHz for more CLKFBIN  CLKFBOUT
ﬂEXible frequency Synthesis CLKOUTDCM<5:0> ganed

CLKFBDCM =4

= Synthesize Fout = Fin * M/(D*O)
— M: 1-64, D: 1-52, O:1-128

LOCKED

= Additional PLL_ADYV features PLL BASE
— Cascade clocks to and from DCMs = elira
— Can port legacy Virtex-5 designs to LOCKED

Spartan-6

==AVNET
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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

"_ Clocking Wizard
Miew

IF Syrmbal

CLE_INT —>
CLE_INZ —
CLK_IN_SEL—3

RESET —

PSCLK—3
PSEN —
PSINCDEC —3
PSODONES—]

> CLK_O0uT1
> CLK_OuT2
> CLK_0UT3
— CLK_0UT4

— LOCKED

Xilinx Clocking Software Support

[

* JlogiC 1P

46

Accelerating four Success”

EIBX

Clocking Wizard

Ll

Clocking Features

Component name: |MMCH

Clocking Features

Frequency synthesis

Phase alignment (known phase relationship to input clock)
Minimize output jitter (ow clock jiter output)

[ Mawimize input jitter filtering (allow larger input jitter)

Minimize power

Dynamic phase shift

Input clock switchover (selection of two input clocks)

[[] eynamic reconfiguration (in system output freq modification)
Input Clock Information

Input Freq (MHz Input Jitter (UL
Input Clock i a( ) U (n

value valid Range value
primary | 100,000

valid Range
0.200 - 731,880 MHz 0.010 0.001 - 0,999 LI

secondary | 200,000 235,000 - 400,000 MHz 0.010 0.001 - 0,999 L1

Cutput Clock Information

Murnber of output clocks: 4| Valid range: 1., 7

= Back Page 1of6 [ HNext > I [ Generate ] { Cancel ] [ Help

=—=AVNET"
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Agenda

High-Speed Serial 10 Clocking

a7

Accelerating Your Success™
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X

Virtex-6 PCle Clocking

48

Accelerating four Success”

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

125/250 MHz Clock Input System

CLKP
1:§|\I,|e|.| * External 125 or 250MHz
CLK PLL

100 MHz Clock Input System

PCle CLKP

100MH
z Clock CLKN

Virtex-6
PCle
Block

==AVNET
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dfest Virtex-6 PCle Clocking N
— Accelerating four Success”

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

Gen 1 System Gen 2 System
CLKP CLKP
PCle  —— & ciernal 125/250MHz PCle  ——— , o ternal  250MHz

Clock ———= PLL Clock ———» PLL

OR

pCle _CLKP

100MHz CLKN
Clock

==AVNET



q Virtex-6 PCle Clocking Examples (Embedded System) %0

Accelerating four Success”

Embedded System Using 125/ 250 MHz
Reference Clock

PCle Switch or . Virtex-6
Root Complex < PCle Link Endpoint
Device Device
4 A A 4
CLK @
REFCLK 125/250
100MHz
PCle Clock >
0SC > External PLL

Embedded System Using 100 MHz
Reference Clock

PCle Switch or Virtex-6
Endpoint

Root Complex < PCle Link >
Device Device

A A

REFCLK
@ 100MHz

100 MHz

PCle Clock
OSC

=SAVNET



Open System Add-In Card Using
100MHz Reference Clock

Virtex-6

Endpoint
Device

PCle
‘ Link
100MHz PCI Express |
Clock (SSC) PCle Edge
Connector

1]

Virtex-6 PCle Clocking Examples (Open System)

51

Accelerating four Success”

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

CLK @ 125/
250MHz Virtex-6
External PLL Endpoint
Device
I PCle
‘ Link
100MHz PCI Express |
Clock (SSC) PCle Edge
Connector

1]

=S AVNET




Case Studies

Agenda
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X{ ct Case Study - Clocking High-Speed DACs  ~

Accelerating four Success”

2 Teas 491.52 MSPS
INSTRUMENTS 1&Q ‘W\; I
® DN | Interleaved Cos 245.76 MSPS )
< DDR DDS Signal
Q
Ony 4x in Y\ Generator
modulator interpolation 245 76 MHz Sin 245.76 MSPS
: | &
® G D4 o)
1 245.76 MHz
A
983.04 MHz
VCXO PAN :
983.04 CJZ Serial
® Mz CDCM7005 Interface
Ext CLK PLL 245.76 MHz N
10 MHz —ﬂ [:8 3 10 MHz
0SsC _I_- i
Ref SEL
HS DAC EXP Module & XILINX.  Virtex-5 FPGA 100 MHz
Avnet V5 LX50 Development Board A
Wwww.em.avnet.com/exp-dac ICS8442

=SAVNET



X

i

Texas
INSTRUMENTS

Case Study - Clocking High-Speed ADCs

245.76 MSPS

sample n- 1 sample n

X odd XevenXodd XevenX

54

Accelerating four Success”

245.76 MHz

/

/7~ 7\

Y /

— —

sample n- 1 sample n

245.76 MSPS

clock-capable 10

20 MHz
Ref Clock

200 MHz

245,76 MHz
VCXO
245.76
MHz
CDCE72010
PLL
ADS62P49 EVM
Clock
Generator[/\g

X X X
/ \_/ \/
245.76 MHz
Virtex-6 FPGA & XILINX.

Xilinx Virtex-6 ML605 Development Board

AVNET

i




Case Study - Diversity Receiver IF-Sampled

55

x<fest

Antenna .
Four Carriers
Each 5MHz BW
Total 20MHz
~1980MHz

Air Interface Frequency

IF Frequency
1920 - 1980 MHz

Ll

25.68MHz

ADC Output

-

Accelerating four Success”

ADC Input

—anc

=

LMHG6515

210 MHz
Bandwidth
20MHz
Filter _@ mp> Filter
1710-1770 MHz )| MX2531/41
LO 30.72MHz
Reference
g
e _@ amp>— Filter

P

| | | |
[ [ [ 210MHz | >
92.16MHz 184.32MHz
Fs 2*Fs
ADC14DS105
LVDS
Serial Data
Filter

|} -
(D)
=
(0]
92.16 MHz O
Low Jitter g
Clock ®
-

. CPRI
=
r
Se:_iZIDDSata 9
Filt <

er Jitter PLL Recovered
Cleaning clock

Clock Jitter
H Cleaner
LIS 30.72 MHz
LMK03000
Naitional
Semiconductor
=—=AVYNET




xtest Case Study - PCle Clocking on Avnet V6LX130T Board *

Accelerating four Success”

PCle_RefClk_100 P QBO . MGTREFCLKOP =~ .
> CLK | Gigabit Transceiver
PCle_RefClk_100_N % nQBo } [BEE]
» NCLK [
MGTREFCLKON
QA0 MGTREFCLK1P

ICS874003-05

nQAO

I Gigabit Transceiver

MGTREFCLK1N

PB

—» MR

— » F_SELO
» F_SEL1

» F SEL2 = A
13

The QAO/NQAO and QB0O/nQBO0 outputs can be set to 100MHz, 125MHz,
or 250MHz using the F_SEL[2:0] inputs of the ICS874003-05 device.

L]
Copyright © 2009. Avnet, Inc. All rights reserved. %—; Av"Er




Demo

Agenda
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Precision Timing Devices
Clock Design Tool

T3 National's Clock Design Tool

58

Accelerating four Success”

Choose
Architecture

Easy Entry of —
Clock
Frequencies

—»

Fil= Help

Customer Reguirements

Step 1) Select Architecture Tvpe
O Single PLL - LMKO3000 and LMKOZ000 Farnily

(%) Dual Loop PLL - LMK 04000 Farnily

PLL1
WCX01
\—{ PLLZ ]—@—[0utput[s)|
VCo2

Step 2) Inputs

and Formats —4 @ Reference | &) vCxo1

122,88 IMHz

(%) Marual Entry
() auta select best standard Frequency

() auta select best frequency

l

Mt ] ’ Cancel ] [ Help

alution  Select Configuration

Skep 31 Qutputs

Simulation

Up ta eight outputs may be programmed. Blank autputs are ignaored.

Output #1

Output &2

Output #5

61.44 MHz

Output #6&

Output #7
Output #8

National

IReady

‘Welcome To Mational's Clock Design Tool!

Semiconductor




A

List of Potential
Solutions &
Configurations
To Select

National
Semiconductor

Precision Timing Devices
Clock Design Tool

59

Accelerating four Success”

I3 National's Clock Design Tool

File Help

Select Solution

Select Configuration  Simulation

B[(=1E3

LMK04001

100

1 Dual Loop Clock Conditioner 122,88 61,44 147456

FLL Part Mumber =~ Score  Mabches | Layout bype Highest WZX0 Freq  Highest POFZ | Lowest Wi Freg Lowest WO Divider

2

Selected Device Information

-2

Text Info

Block Diagram

[

I
I
I
I
I
I
I
I
I
I
I
L

Selected layvaut bype image: Dual Loop Clock Conditioner

MMexk

l ’ Cancel

Ready

‘welcome To Mational's Clock Design Tool!

== AVNET
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o

v

Easy Device
Configuration

National
Semiconductor

Precision Timing Devices
Clock Design Tool

53 National's Clock Design Tool

60

Accelerating four Success”

File Help
| Ccwtem | Dosasmr | v |
" ~ ~y ~ ~\
CLKin PLL1_R PLL1 LOOPFILTER1 vCXO
| 30.?2| | 1|: FOF cP R (kohrms) C(nF)
MHz 700 | 008 v C1)0.022 MHz
re [3300] 2| 1o
DS Re | 00| c4| om0
PLL1 N
L +]®
- A A r
a ™y N N e
PLL2 R PLL2 LOOPFILTER2 YCO [ Fout
E POF P Rikohms) € (o) 14300 ko 15700 SN
ewmo | sz v 1| 0.06a v o m
. pz | 068 | cz| 47
:“—" : A Ra| 06| c3| 00 B : ol
———
PLL2_N Re | 0.2 cqf 0.01 VCODIY
- T
- o N A
DIVIDED DELAYO CLKoutO
| 1 |: |Bypassed v| LHAEEL

CEEX

3

|Ready

wwelcome To Mational's Clock Design Tool!

== AVNET
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- Precision Timing Devices o1
Clock Design Tool

]
A

e ﬁj
d 4

7 p)
g

Accelerating four Success”

~
Loop Filter Design -5 .
LOOPFILTER1 YCX0
Selected LOOPFILTER.: LOCPFILTERL
cp R (kohms) C{nF)
Selected PLL: PLLL D
Selected YCO: WCHO @l : |ﬂ MHz
Rz | 3300 | Cz 1.0 |7
s 2.0
4 Ra| 0.0 3| 00 EXR
Loop Filker Parameters R 0.0 | c4 0.0
[ Pick loop filker For me ]
/' Design Achieved
PLL LOOp / Bandwidth 1818 | ke 21 e 1
Phase Margin 70.0 | degrees 71.711
Filter Design J .
" Y ™ 0
Loop Filker Yalues LOOPFILTER2 VCO D Fout
[ Calculate ] R (kohrns) C(rF) 1430.0 to 1570.0 et
MHz
Rz 330.0 kohms C1 | 0,068 ’El MHz !
R3 0.0 kahms Rz | 088 | cz) 47
ot R3| 0.5 3 00 (o050 | mriiy 2
= R4 0.0 kohms : : P %
c1 0.022 nF R4 0.2 | C4| 0,01 VCODIV
c2 L0 ¢
3 0.0 nF £
4 0.0 nF
1 | o |Bypassed vl ToPECL
73728 MHz W
N“ ‘ ‘ ong I Ready wwelcome To Mational's Clock Design Tool! I

Semiconductor




Phase Moise Display

Phase Noise Plot for CLKoutO at 737.28 MHz

Phase Noise

& Jitter —
Simulations
& Analysis

Shaped Traces

Phase Noise (dBc/Hz)

10

10

Trace Analvsis | Options

Analysis Trace: |T0tal A

RMS jitter:

Jitter is integrated owver the limits below,

Low Frequency: \DI—I kHz
High Frequency: IEI MHz
Murnber of Paints: "-—I

National Precision Timing Devices Design Tool

62

Accelerating four Success”

Phase Moise Wisible Conktibutor
' ! ' ! ] Tota|
] L Kin :
P 1
-
[YILooprFLTERL LOOPFILTER 1 VCX0
s V] YCRO R (kohms) € (nF}
e
[lpLLz 1| 0.022 T e
LOOPFILTERZ Rz | 330,00 | C2 1.0 I:
2.0 kHz v
MO R3 00| C3 0.0 | /
[ /| DELAYD R4 | 00 c4 00
=] CLKOLUTO
Unshaped Traces
mm ] CLKoUED intrinsic
Scaling
[ autoscale ¥ axis
10 10 10 10 ¥ max | 60 dBic h i i 4 O )
ILTERZ vCo Fout
Offset Frequency (Hz) ¥ min | -200 dBic SIMEWAYE
CinF) 1430.0 ka 1570.0 |7|
MHz
C1 | 0,068 —
Phase noise values | yp 147458 | MHz
2 . SE=———
170.9fs §.9549 MHz
c3| 0.0 XTI N <
s R
Phase noise: at 0.100 |kHz offset: -96,76 dBcfHz 4| 0.01 YCODIY
Phase noise at 10.000 |kHz offset: -118.64 dBc/Hz 2§
Phase noise at 20,000. 000 |kHz offset: -150.55 dBc/Hz 9
[ Enter Cuskom Phase Moise ] [ Update Simulation ] [ Copy Traces ko Clipboard ] ’ Close ]
LYPECL
| 1 | = |Bypassed v | it
| 737.28 | Mz Z
Ready Welcome Ta Mational's Clack Design Taool!
National

Semiconductor




X4 Summary v
Accelerating Your Success™

= 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

==AVNET
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Thanks for coming!

2009 4fest\

Please Visit the Demo Areal

X-fest General Info:
http:/em.avnet.com/xfest

X-fest Presentation Questions:
http:/em.avnet.com/xfsupport2010
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Supplementary

66

National
Semiconductor
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Copyright © 2009. Avnet, Inc. All rights reserved
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2.8 Clock Buffer, Divider, Distributor (30-fs Additive RMS Jitter)

Accelerating Your Success™

x LMKO01000 Clock Distributor .

National

= Features & Value Proposition Semiconducior
— Ultra-Low Additive Noise
» 30-fs of additive RMS noise
= Markets
— Radio Unit of Base Station
— Test & Measurement, Military & Aerospace
— Medical Imaging & Ultra-Sound
NSID = Architecture %T;Féukt Fre\(;fj:gncy RO SIS
LVPECL | LVDS | LVCMOS '?GHHE;)G Range (MHz) (ps) *
LMKO010001SQ 5 3 0 1-1600 NA 0.03 (add.)
LMKO010101SQ 0 0 8 2:10 Clock Distribution 1-1600 NA 0.03 (add.)
LMK010201SQ 8 0 0 1-1600 NA 0.03 (add.)

* Jitter integrated from 12 kHz to 20 MHz

H

==AVYNET



LMKO3000 Clock Generator o8
Clock Generator with Internal VCO (<200-fs Additive RMS Jitter)

Accelerating Your Success™

X

o Natioa;ul
= Value Proposition semiconductor
— <200-fs Additive RMS Jitter for Clock Generation
= Applications
— Test & Measurement, Military & Aerospace
— Medical Imaging & Ultra-Sound
Outputs utpu
NSID = Architecture %Igz:kt Fre\éﬁgncy RS I
LVPECL | LVDS | LVCMOS '?I\E/‘IHH%? Range (MHz) (ps)
LMK03000DISQ 5 3 0 1-648 1185 — 1296 0.8/0.4/1.2
LMK03001DISQ 5 3 0 PL"S&E& ;Oﬁ'oc" 1785 1470 — 1570 | 0.8/0.4/1.2
LMK03002DISQ 4 0 0 1- 860 1566 — 1724 0.8/0.4/1.2
LMK03033DISQ 4 4 0 1 - 1080 1840 — 2160 0.8/0.5/1.2

* Jitter integrated from 12 kHz to 20 MHz

H

==AVNET"
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LMKO3000 Clock Jitter Cleaner o0
Clock Jitter Cleaner with Internal VCO (400 to 1200-fs RMS Jitter)

Accelerating Your Success™

X

o Natioa;ul
= Value Proposition semiconductor
— Low-Noise VCO
= Applications
— Baseband Unit of Wireless Infrastructure
— 10/40/100Gbps Optical Transceivers
Outputs Output
NSID Architecture I'S;?\Cke Fre\éﬁgncy RI\/;SS‘;iiter
LVPECL | LVDS | LVCMOS (MH% Range (MHz) P
LMKO03000/C/DISQ 5 3 0 1-648 1185 - 1296 0.8/0.4/1.2
LMK03001/C/DISQ 5 3 0 PL"S&E& ;Oﬁ'oc" 1785 1470 — 1570 | 0.8/0.4/1.2
LMKO03002/C/DISQ 4 0 0 1-860 1566 — 1724 0.8/0.4/1.2
LMKO03033/C/DISQ 4 4 0 1-1080 1840 — 2160 0.8/0.5/1.2

* Jitter integrated from 12 kHz to 20 MHz

H
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X

LMKQ02000 Clock Jitter Cleaner

Clock Jitter Cleaner with External VCXO (20-fs Additive RMS Jitter)
Accelerating Your Success™

70

o Natioa;ul
= Features & Value Proposition semiconductor
— Low-Noise PLL and Distribution
o 20-fs of additive RMS noise
= Applications
— Radio Unit of Base Station
— Test & Measurement, Military & Aerospace
— Medical Imaging & Ultra-Sound
Outputs Output VCO .
NSID L VPECL VDS LVCMOS Architecture Rc’:z:mgke RFrequency RNEES‘; it
(MH2) ange (MHz)
LMKO020001SQ 5 3 0 PLL + Clock Distribution 1-860 NA 0.2 (+VCXO)
LMK02002I1SQ 4 0 0 (VCXO) 1-860 NA 0.2 (+VCXO0)

* Jitter integrated from 12 kHz to 20 MHz

H
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LMKO04000 Clock Jitter Cleaner

Clock Jitter Cleaner with External VCXO/Crystal (<200-fs RMS Jitter)
Accelerating Your Success™

71

é!’a:im;u ‘t
= Features & Value Proposition FeamaRerer
— <200-fs RMS Jitter for Clock Generation
= Applications
— Test & Measurement, Military & Aerospace
— Medical Imaging & Ultra-Sound
Outputs Output O _
NSID Architecture Cleels Frequency A J|£ter
LVPECL | LVDS | LVCMOS Range | ponge (MH2) (ps)
(MH2)
LMKO04000BISQ 3 0 4 1-648 1185 — 1296 0.2 (+X0)
LMKO04001BISQ 3 0 4 1-785 1430 — 1570 0.2 (+XO)
Cascaded PLLs + VCO +
LMKO04011BISQ 5 0 0 Clock Distribution 1-785 1430 — 1570 0.2 (+XO)
LMKO04031BISQ 2 2 2 (needs external crystal or 1-785 1430 — 1570 0.2 (+XO0)
VCXO in PLL1)
LMK04002BISQ 3 0 4 1-875 1566 — 1750 0.2 (+X0)
LMK04033BISQ 2 2 2 1-1080 | 1840 — 2160 0.2 (+XO)

* Jitter integrated from 100 Hz to 20 MHz

=—=AVNET"
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4 LMX2531 "

Accelerating four Success”

Integrated Low-Noise VCO Programmable 39 and 4th poles
, 1st & 2nd
= "4 poles
Viune /
. ¥
Low Noise
Charge CPout
VCO LDO | Pump T 1
vegveo | | | e T I T
#— o° .'..
VrefvCO ‘-."vF'l:EC:E '—.‘"_." Prascaler j—jm Diwr;]der .,
L ? Fast I FLout
3 Lock
Fout LTz le: Z4 :
I < MUX : Comp :
H Fiest/ LD
, —P
— 0SCin -
0SCin* “~p DOwider [T . — |
¥ e VREG l
% Moo I
Serial Interface ' _ VREG1 '1
= 2 Iner Slgr_na Delta LDOs
CE Fractional PLL PLL |_|
VREG2 I;
National
Semiconductor
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4 LMX2531 °

Accelerating four Success”

Existing Devices Recent releases & devices under development

Part No. Low Band High Band
(MHz) gEMHZ) Part No Low Band High Band @Q\ @,z,e‘?“
: (MHz) (MHz) P Q\O«&Q’
LMX2531LQ1500E 7495 — 755 1499 — 1510
LMX2531LQ1146E 553 — 592 1106 — 1184 | NoOw NOW
LMX2531LQ1570E 765 — 818 1530 — 1636
LMX2531LQ1226E 592 — 634 11841268 | NOw NOW
LMX2531LQ1650E 795 — 850 1590 — 1700
LMX2531LQ1314E 634 — 680 1268 — 1360 | NOw NOW
LMX2531LQ1700E 831 - 865 1662 — 1770
LMX2531LQ1415E 680 — 735 1360 — 1470 | Now NOW
LMX2531LQ1778E 863 — 920 1726 — 1840
LMX2531LQ1515E 725 — 790 1450 - 1580 | NOw NOW
LMX2531LQ1742 880 — 933 1760 — 1866
LMX2531LQ2820E 1355 — 1462 2710 — 2925 Oct Feb 09
LMX2531L Q1910E 917 -1014 1834 —2028 LMX2531LQ3010E 1455 — 1566 2910 — 3132 Dec Feb 09
LMX2531LQ2080E 952 — 1137 1904 — 2274
LMX2531LQ2265E 1089 — 1200 2178 — 2400
LMX2531LQ2570E 1168 — 1395 2336 — 2790
National
Semiconductor
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LMX2531 2

Phase Noise Performance

Accelerating Your Success™

1% Agilent ES052A Signal Source Analyzer

100  kHz
1 MH=z
10 MH=z

'.1.:
i
=5

Marker &

More Markers

Clear Marker

IF Gain 204B Freq Band [300M-7GHz] it - [=150kHz] G17pts
Phase Moize Start 1 kHz Stop 10 MHz
Fhase Moise: Hold --- aktn SdB ) -- Z
National
Semiconducior
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X4 LMX2541 Ultra Low-Noise Synthesizer *

Accelerating Your Success™

= Ultra Low-Noise PLL
— Integer Mode (-224 dBc/Hz)

— Fractional Mode (-223 dBc/Hz)
« Programmable 4™ order AX 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
e 6 parts & odd/even divides up to 63 with 50% duty cycle

» See table for detail coverage per device

National
Semiconductor
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4 LMX2541 Ultra Low-Noise Synthesizer *

Accelerating four Success”

VCO: 1.9 -4 GHz
(with 6 devices) Ultra Low-Noise PLL

\ /

\J'\ / Viune
L J
Charge CPout
VregVCO I T
— VCO N
VrefyCO VREG —p Prescalor Oivider
_L ﬁ T b Fast FlLout
RFout 1N {:En? Locx
+——| mux e
FIEEH'LI.D
— Q5Cin -
OSCin® A:D—D Divider
v DIG I
VREG 1 |1
2lh > PLL |
LK p Serial Interface VREG1 1 Il
LE > Contral
PLL |
VREG? 1 ]1
National
Semiconductor
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X4 LMX2541 Ultra Low-Noise Synthesizer

= Phase Noise at Fo5c =2 GHz

dBc/Hz

_90 -1
115 -3

-138 ™
-155 ..

77

Accelerating four Success”

Industry’s
Lowest Noise

LMX2531

Synthesizer

100 1k 10k 100k M 10M

offset (Hz)

National
Semiconductor
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LMX2541 Ultra Low-Noise Synthesizer

X

LM X2531Simulation |
LMKX12 Simulation |

LMKX12 Data

1000000

10000 100000
Offset (Hz)
National
Semiconductor

1000

100
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4 LMX2541 Ultra Low-Noise Synthesizer &

- 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)

National
Semiconductor

ise 10,0048) Ref -20.004Rc/Hz

Phase MHaise  Start 1 kHz

Accelerating Your Success™

1% Agilent E5052A Signal Source Analyzer

Carrier 2, 10000 2 -1.2015 dBm
1 kHz ]

1 kHz

10 kHz

100 kHz

RMZ ] ittar
Fesidual FM:

Stop 40 MHz TN

Phase Moise: Hold (g

Chrl 2.4% | Povs 0v ] Akt SdB

ExtRef -

=—=AVNET"
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y LMX2541 Ultra Low-Noise Synthesizer

- Fractional Mode

FVCO = 3080 MHz

FPD = 100 MHz

ICP =2.5mA

Channel Spacing = 250 kHz

Spurs = -65 dBc
RMS Noise = 4.2 mrad
(1 kHz — 20 MHz)

National
Semiconductor

80
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i mgilent E50524 Signal Source Analyzer

ise 10,00dBS RBef -20.00dBciHz

20 MH=z
40 KHz EE.
1 kH=z

IF Gain 20dB Freq Band [3 &
Phase Moise  Start 1 kHz Stop 40 MH:z

Undefined header Phase Noise: Hold (S (et Rl IReand Fores Rels] (Shasd Eaae




Supplementary
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I3 TEXAS
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Tl General Purpose Synthesizer Featured Products

-

Max Speed

iFuIIy integrated:
o LPLL;

CDCE62005

Fully integrated 1-PLL;

'rms jitter <1ps;
SPI/EEPROM

Acce/emrmi Vour Szfc:aess

Indu?stry’s Lowest J!tter
Clock Synchronizler
|Jitter Cleaner; !

T r
rms jitter <1ps;, ! i i Programmable i Up to 1500MHz:
Dirferential 0+ g peEpROM | ! !  Up to 1500MHz ! : !
LVPECL/LVDSI ' ' ' ' ' ' |
CML Output Programmable' ! ! ' ! '
YUY up to 1100MHz; ! ! CDCM7005 ! CDCL6010
i ! i i CDC7005 ' i ' Fully Integrated
: I : : — ! ' 1-PLL multiplier
. ! : : Industry s Lowest-Jltter : ‘with CML Output:
! : I I C"/’j':tsygfhm”ljzer l | Up to 1250MHz;
| itter Cleane | | .
! ! ' 1 1.8V Operation
CDCM61001CDCM61002 CDCM61004 Up to 1500 MI—Iz E E p E
tms jitter <1ps, rms jitter <1ps;: -rms jitter <1ps, . : ! ! :
iXtaI—in Clock | Xtal-in Clock ! ' Xtal-in Clock : : ! ! !
' Generator . Generator : Generator | | | | |
with simple pin Ewith simple pin: Ewith simple pin, E E E E
i control; ' control; 1 control, i ! ! ! !
| 44-683MHz | 44-683MHz | ' 44-683MHz ! ! ! !
E E — | CDCE925  CDCET06 CDCE949 | E
! | CDCE913 LCDLEYLO :
: | : : ' CDCE906 | |
: ' + 1-PLL; Xtal In: . 2-PLL; Xtal In 1 4-PLL; Xtal In !
Single Ended ' ' ' Built-in VCXO; ' Built-in VCXO,. 3BPUII||; I:](gz(icl)ln'Bth -in VCXO; - !
AR CDCS501 ' 1.8V/3.3V;SSC! : 18V/3.3V;SSC] 54\, coc. 11-B8V/33V;SSC:! ! :
: Up to 230MHz; t0 230MHz;} oo o 1Up to 230MHz; ! !
Out Ut ] ] | p " 1 1
P . LDCS502 ' |2C/EEPROM ! ' 12C/EEPROM | 300/167MHz; | 12C/EEPROM ! !
CDCS503 ! ! ! | I2C/EEPROM:; ! !
T, | | : i 6 Output | | |
iXtal/LVCMOS In ! ! | : ! ! !
8.3V;SSC Drivet; | | : | | | |
| Up to 108MHz: 5 ; : 5 ; ; ;
6 9 10

1 2
Integrated VCO @ External VCXO

3 4 )
Number-of Outputs

AVNET
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4

features

Input Clock: LVCMOS (160 MHz) and Crystal (8- 32MHz)

* VCXO input with £150ppm (typ) pulling range

TI CDCE(L)949 ’

1.8 V Programmable VCXO 4-PLL Clock Synthesizer with 3.3V/2.5V/1.8V 1/Os

e 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 1/O for CDCEL949

vexo
T X0

LvcMos
I

Vetr
Xin/CLK
L
 — |

P S—

Xout

so
S1/SDA
sz2/scL

wwwwwwwwww

L

Programming
n

12C Register

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Accelerating four Success”

Benelits

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

Auplications

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/s2.20 |

=—— AVNET

t



TI CDCS501/5034PR0S - EMI Expert 85
‘ Clock Driver with Optional Spread Spectrum Clocking (SSC)

Accelerating Your Success™

features Benefits

e Wide Input/Output freq. range — « Saves BOM: single device covers multiple
* 40 - 115 MHz for 501 designs
e 8 — 32MHz Input/8-108MHz Output for 503
« Selectable Spread-Spectrum Modulation of ~— ¢ Reduce EMI thru selectable amount of SSC
+0.0%, +0.5%, +1.0%, and +2.0% modulation up to 10dB

- Selectable frequency multiplication rates of 1x —» « Saves component for higher frequency XO
and 4x (CDCS503 only)

» 8 pin TSSOP package — + Small board space
 Operation condition: Single 3.3V power supply,— * Simple power supply scheme; applicable to
wide temperature range -40 , 85 wider applications with better reliability

Avwlications

General purpose clock driver
with EMI I’.edUCtIOH Capablllty' CLKIN PLL with selectable SSC % ckout ™ BYees PLSLSvgm @ out
* Audio/Video entertainment ’ |
*Flat Panel TV, Set-top Boxes; so SSC_SEL 0O > Control
SSC_SEL 1 » X
*Blu-Ray DVDR 3 S e o
e Printers; PCs Ssc_on oE

« Communications access
point/gateway/networking card

e |ndustrial CLKIN| 1 8| Voo . SEI>_(|8 ; 3 \éDED
so] 2 71s2 _
sils  C€PCSS0L ol vouT ssc seL 1|3 CPCS303  glouT
aND| 4 5|rs
| 1Ku:$045/50.50 | onpf4 5| Ssc_on

==AVNET



Maximum Speed (MHz)

Tl Fan-Out Buffer/Driver Featured Products

86

Accelerating four Success”

i"""""""u """"" ToTTTTTTT T TTTTTTTT TS | 1T T TTTTTOS moTTTTTTTTT T Tttt rToTTTTTTT TToTTTTTT o !
1
1000-3500 ' | ' ' ' ' | 1 | | |
! 1 1 1 1 ! 1 1 1
| ! . ! . . CDCLVP111 { ! ! !
| ! | 1
| : ! ! ! ! : 3.3V, 1:10 LVPECL : : : :
: 1 : : : :  Driver; 1 | | |
\ | 1 1 1 1 I Up to 3500MHz; : | : :
! X ' ' | OutputSkew 15ps X X X
X | \ \ 1 Input Mux | | | |
1 | 1 1
[ 13.3V 15 Driver; ! ! ' '
1 . ’ | ] ] | | | |
p SN6SLVEL11 1 Jitter < 100fs, RMS 1 ' | ! ! ! ! !
1 > Dri 'up to 1500MHz ! ! !
3.3V 1:2 Driver 1 [ i 1 1 1
: Up to 1500MHz; ! :Output selectable : : : f CDCLVD110A : : : :
| LVPECL: ! tamong LVPECL/ ! ! ' | 3.3v,1:10 LVDS ' ' ' '
! X |LVDSILVCMOS | ! ! | Driver: i ' ' '
\ | 1Individual phase adjust; | | : Jitter < 0.2ps, RMS : : : :
! ¥  On-chip EEPROM | ' ' 1 Up to 1100MHz i ' ' '
1 ! CDCM1804 ! ! ! | Outputs Enable ' ' ' '
1 ! 1 1
] ; 3.3V L:3 LVPECL+ | ' ! ! ! X ' ' '
] .
| 1 LLVCMOS; - ! ! ! cbcL1810 ' : |
600-800 | : Jitter < 0.2ps, RMS 1 | | | el = . : ' '
' , Programmable Outphit ' ' ' 1 1.8V, 1:10 CML Driver; 1 , , ,
h 1 Divider; | | | 1 I Jitter < 30fs, RMS : : : :
1 | Output Skew 15 ps for ' ! ! | LVDS Input; . ' ' '
—————————————— P o e e B Tl el Y e Y e R ik ¥
) | Upto 800-MHz 1 ! I ! ! 50Q Output Terminatior] ' ' '
: | LVPECL ' ' ' X | Output divider; | | | )
1 and 200-MHz | 1 |
: ' LveMos i i ] ! ! SNB5LVDS116 !
1 ! "
. ) | 1 1 1 3.3V, 1:8 LVDS Driver; | ! ! 3.3V, 1:16 LVDS Driler; !
200-600 ' ' ! Upto400MHz; ! ' ' Up o 400MHz T '
| | | | | | 1 Up ) | |
CDCF5801A ' X | 12kVHDMESD l CDCVF857 ' 1 12kV HDMESD | '
_______ _ I— ! | ______ L C L _ | R\ _____)__________21
_____ 13.3V 1:1 Multiplier: ! [ ! ! 2.5V 1:10 O-delay : : : :
Ix1, %2, x4, x8; H CDCV304 CDCVF2505 ! CDCVF25081 PLL driver, SSC . ' ' '
-] . N ! 1 1 1
:§5 280 iz, SSC 3.3V 1:4 LVTTL drive}3.3v 15 0-delay PL}. 3.3 1:8 0.delay PLL (ALY 60MHz to 220MHz | : : :
Ib_f(;)_gratn_wmal del lup to 200 MHz 1driver; 4 -200 MHz; 1 I driver: 13.3V,1:9 O-delay ! Diff. S_STI._2 ! ! ! !
poidirectional €y giter < 0.2ps, RMS ! Three-State Outputy] '10 MHz to 200 MHz; 'PLL driver: SsC: | Signaling; DDR2 . ' ' .
100-200 i1steps of 1.3 mUl; o Skew: <1001 ! 1 | ! ! !
ILVPECLILVDS/  |outPut Skew: <100ps ' 1SSC; 120 -175 MHz; ! '
!Output Enable ! ! 1 | 1 | | 1 1
"VTTL \Outp . . 1Auto Frequency jAuto Freq Detect | (SFCSSNGVIEPREIOM | ) ) )
: | 1 1 1Detection to Disable to Disable Device | —— : 1 : :
. |
' ! ' ' 'Device; ~  ILVTTLIO | 3.3V 1:10 LVTTL Driver 1 ' ' '
! ' ' !25- On-Chip Series | :
) 1 1 1 1 n-Chip Series 1 Jitter < 0.2ps, RMS ! ! ! !
1 : | | 1Damping Resistors 1 : Skew < 100 ps : : : :
1
______________ :.__________I___________:___________|__________:___________4|._________JI.Up.l.D2O.OJ\A.HZ____JI T T TP
1 ! ! ! Output enable glitch |
: : : CDC2536 : : suppression; 1 CDC2582 : : :
! | ! | | Output damping resistor! ! ! !
: | | 1 3.3V, L:6 LVTTL 04 | | P ping : 3.3V, 1LVPECL:12 1 | :
| : : : delay PLL driver; : : : } LVTTL O-delay PLL : : '
<100 ' ' ' | 25-100MHz; | ' ' 1 driver; ' ' !
! | | 1 260hm damping 1 1 ' 20 -100MHz; ' | |
! : X | resistor atthe | ' X 1 260hm damping | ' '
| | 1 output; | | | 1 resistor at the outputy | |
| ! ; ! 3-state output ! ! ! ! + Number of Outputs:
: <=3 | 4 1 5 | 6 1 8 | 9 ! >18 |
______________ e s e PR R |

LVTTL/LVCMOS LVPECL/LVDS PLL Based




TI CDCLVP111 - 2.5V/3.3V 1:10 LVPECL Clock Driver .
4 with selectable input and input termination
Accelerating Your Success™

features Benefits

= 1:10 Differential LVPECL Clock Outputs with Frequency Range = Wide range supports various applications and use one single

From DC to 3.5 GHz device across multiple designs.
= Supply Voltage Range From 2.375V to 3.8V = Wide supply voltage saves additional cost on LDO
= Low-Output Skew (Typ 15 ps) = Low skew ensures high quality clock distribution
= Input Mux = Input allows flexibility

) , = Enables good quality single ended distribution for design flexibility
* LVDS, CML, SSTL input compatible = Small package saves board real estate

= VBB Reference Voltage Output for Single-Ended Clocking " Drop_in rep]acement for Competition

= Available in the QFN32 and LQFP32 Package

= Pin-to-Pin Compatible With MC100 Series LVEP111, EP111,
ES6111, PTN1111

N 31 Qo
L> 30 gp
[
P! | g 28 J—
. - r\.
Avwlications >
High quality clock distribution for: CLKO 1
= Wireless BTS e b
(Pico cell, WiMax, Macro Base band) MRS 4
= Data Communications CLKT— | T Y
= Medical N
= Test Equipment "—L‘Lﬂ
CLK_SEL [
| DTS
[
..—LQ

1Ku: $6.15 W >




TI CDCLVP215 a8

N Dual 1:5 High Speed LVPECL Fan Out Buffer

Accelerating Your Success™

features Benefits

= 2x 5 Differential LVPECL Clock Outputs with Frequency Range From = Wide range supports various applications and use one single
DC to 3.5 GHz 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

= Supply Voltage Range From 2.375V t0 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)

VAVAVAV/
s

QA2

- - 26 for.v]
Annlications _—
QA3

High quality clock distribution for: o é | 3 o 2 on,
= Wireless BTS TIRA 4 > :; 2 gAd
(Pico cell, WiMax, Macro Base band) CLKB-4——2—N 2 ago

= Data Communications i + ) ;]
= Medical CIKE 8 aB1

= Test Equipment

1Ku: $6.15

\VAVAVAVAVA

vBB _°




Tl New PECL Translation Logic

ON Semi Device

Mircel Device

98 (100) Units / Rail 2500 / Tape & Reel 98 Units / Rail 2500/ Tape & Reel
MC10(0)LVEP11D(G) MC10(0)LVEP11DR2(G) SY10(0)EL11VZG SY10(0)EL11VZGTR
MC10(0)LVEP11DT(G) MC10(0)LVEP11DTR2(G) - -
MC10(0)EL11D(G) MC10(0)EL11DR2(G) - -
MC10(0)EL11DT(G) MC10(0)EL11DTR2(G) - -
MC100LVEL11D(G) MC100LVEL11DR2(G) - -
MC100LVEL11DT(G) MC100LVEL11DTR2(G) - -
MC10(0)EL16D(G) MC10(0)EL 16DR2(G) SY10(0)EL16VZG SY10(0)EL16VZGTR
MC10(0)EL16DT(G) MC10(0)EL16DTR2(G) SY10(0)EL16VKG SY10(0)EL16VKGTR
MC10(0)ELT22D(G) MC10(0)ELT22DR2(G) SY10(0)ELT22LZG SY10(0)ELT22LZGTR
MC10(0)ELT22DT(G) MC10(0)ELT22DTR2(G) - -
MC100EPT22D(G) MC100EPT22DR2(G) SY100EPT22VZG SY100EPT22VZGTR
MC100EPT22DT(G) MC100EPT22DTR2(G) SY100EPT22VKG SY100EPT22VKGR
MC100LVELT22D(G) MC100LVELT22DR2(G) - -
MC100LVELT22DT(G) MC100LVELT22DTR2(G) - -
MC10(0)ELT20D(G) MC10(0)ELT20DR2(G) SY100ELT20VGZ SY100ELT20VGZTR
MC10(0)ELT20DT(G) MC10(0)ELT20DTR2(G) - -

89

TI Device

80 Units / Tube
SN65LVEP11D
SN65LVEP11DGK
SN65EL11D
SN65EL11DGK
SN65LVEL11D
SN65LVEL11DGK
SN65EL16D
SN65EL16DGK
SN65ELT22D
SNG65ELT22DGK
SN65EPT22D
SNG65EPT22DGK
SN65LVELT22D
SN65LVELT22DGK
SN65ELT20D

SNG65ELT20DGK

2500 / Tape & Reel

SN65LVEP11DR

SN65LVEP11DGKR

SN65EL11DR

SNG65EL11DGKR

SN65LVEL11DR

SN65LVEL11DGKR

SN65EL16DR

SNG65EL16DGKR

SNG65ELT22DR

SNG65ELT22DGKR

SN65EPT22DR

SNG65EPT22DGKR

SN65LVELT22DR

SNG65LVELT22DGKR

SN65ELT20DR

SNG65ELT20DGKR




TI CDCLVP1204/1208/1212/1216SUMMER09 o
¢ 2:4/8/12/16 Universal-to-LVPECL Fan Out Buffer

Accelerating Your Success™

features Benefits

« Total Additive Jitter <100 fs. RMS » Minimal impact on clock quality during distribution
« Low-Output Skew 15/20/25/30 ps, maximum * Better timing control among all outputs
« Signaling Rate Up to 3GHz (min) « Single device across multiple designs

« Differential Input Stage for Wide Common-Mode » Saves additional interface logic/external components
* Pin-pin compatible allows the same hardware

Range .
« QFN-16/28/40/48 Package Strapping .
- Operating conditions of 2.375 t0 3.6 V/, -40 to 85 ¢ * More application with improved reliability
« Low core current of 60/80/100/120 mA » Power efficient

« Universal Inputs (LVDS, LVPECL, LVCMOS/TTL) * Saves additional level translation logic
« VBB pin for single ended operation » Improved signal integrity when differential is not used

*Networking

*General Purpose Differential clock
buffering

ipati T )
Aunlications .
» Applications i
*Router/Switch |
eDatacom/Telecom _§
*Wireless Infrastructure ::xg'éc'- {@— ; > LVPECL
‘Medical LVCMOS >

W
|

==AVYNET



TI CDCLVP2102/2104/2106/2108SYMMER0O9 o
Dual Channel 1:2/4/6/8 Universal-to-LVPECL Fan Out Buffer

Accelerating Your Success™

4
eallles Benefits

« Total Additive Jitter <100 fs, RMS « Minimal impact on clock quality during distribution
* Low-Output Skew 15/20/25/30 ps, maximum « Better timing control among all outputs
» Signaling Rate Up to 3GHz (min) « Single device across multiple designs
- Differential Input Stage for Wide Common-Mode .« Saves additional interface logic/external components
Range * Pin-pin compatible allows the same hardware
. QFN-16/28/40/48 Package Strapping
« Operating conditions of 2.375t0 3.6 V, -40t0 85 C  « More application with improved reliability
» Low core current of 60/80/100/120 mA « Power efficient
* Universal Inputs (LVDS, LVPECL, LVCMOS/TTL) .« Saves additional level translation logic
* VBB pin for single ended operation « Improved signal integrity when differential is not used
=
Annlications i
« Applications
Router/Switch ]

LVPECL

) LVDS
*Wireless Infrastructure LVCMOS

*Medical -
*Networking

*General Purpose Differential clock
buffering

Datacom/Telecom LVPECL { j>

RSvivivev

Release: Summer 09

W

H

==AVNET"
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TI CDCVF2505
{ 1:5 PLL Clock Driver with SSC

92

Accelerating Your Success™

features Benefits

» Operating Frequency: 24 MHz to 200 MHz * Integrated RC PLL Loop Filter Eliminates the

» Low Jitter (Cycle-cycle): <|150 ps| Over the Need for External Components
Range 66 MHz—200 MHz » Spread Spectrum Clock Compatible

« Distributes One Clock Input to One Bank of Five ¢ 25- On-Chip Series Damping Resistors to
Outputs reduce EMI.

» 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 oL R I S eLeuT
Packages

* Internal Feedback Loop Is Used to Synchronize
the Outputs to the Input Clock

1Y0

Power Down 1¥1

Aunlications

» General purpose clock buffer
» Synchronous DRAM
» Duty Cycle Correction

1Y2

1Y3

Edge Detect

I 1Ku / $0.75 I Typical <10 MHz

v
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Supplementary

Accelerating four Success”

&, XILINX.

==AVNET
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X

MMCM_BASE

B | (<IN 1
S | FBIN

e RST

CLKOUT<6:0>
CLKFBOUT

LOCKED

Virtex-6 Mixed-Mode Clock Manager (MMCM) *

L -

e

Complements external PLLs, lowers system cost

MMCM_ADV

s C| KIN1  CLKOUT<6:0>
N CLKFBIN CLKFBOUT

el C| KIN2
el CLKINSEL
==
~rho
NP Phase Shift
RS T

e

[

Accelerating Your Success™

Two software primitives

— MMCM_BASE has only the
basic ports

— MMCM_ADYV provides access
to all ports

Eight independently
programmable clock outputs

— 00 to 06 plus CLKFBOUT

Additional MMCM_ADV
features

— Clock Input Switching
— Phase Shift Port
— Dynamic Reconfiguration Port

H

==AVNET"
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p Virtex-6 MMCM Connectivity ”

= Many possible inputs to

Accelerating four Success™

Clock capable 10
(Inner 10 Columns)

HROW clock

—

| i A3k D

each MMCM
— CCIO from inner 10
columns
LKIN1
— Global clock inputs CLKINZ
Clock capable 10 CLirE
— BUFG (Inner 10 Columns) f A A A f
— GTX clocks .
GTX clocks
e}
= MMCM outputs drive  hrowclock -~
— BUFG = : ¢ |
— BUFH in same region -«
— Performance Paths to
BUFIO and BUFR Z£ 9' ! é
te | =l o
onBiarie £ 2

Global Clock inputs

To BUFG =

=—AVYNET



Extra MMCM Features ”

Accelerating four Success”

= Fractional counters

X
.
:ﬁﬂm

_%:*;‘ — Ability to configure O0 and
= = CLKFBOUT as counters with
:i i 1/8t granularity (e.g. 2.125,
_%:{ -, 2.250, 2.375 etc.)
& g — 00 and OS5 counters can be
B combined
— CLKFBOUT and O6 counters
vCo can be combined
Ouotitls L 1 1 1 i rr — Enables many more
s 1 1 M1 1 1 r1r : -
P g N sy I frequencies to be synthesized
s 1 1 1 1 1 1
L_I_I_I_I_I_I_I_I_I_I_I_
232—'_'—'_'—'_'—'_'—'_|—'_'— = Two methods of shifting phase

zo [ L L I 1 T 1 7T 1 T 1
5 L[ LT L LI L1

— Static Phase Shift using time-

shifted VCO outputs
Signals can be phase-shifted in relation to each Otbebynamic Phase Shift using

the PS port to changedEe= AVNET

nhaca nn tha fl\/ in infcramante



q Additional MMCM Signals "

Accelerating Your Success™

O

= Complement outputs

— 00-03 of every MMCM have
both True and Complement

outputs Routing—#y S10%K
. . —»{ Lock
— Provide 180 degree phase shift —»{Detect| oo
\ 4

_ i i - LKINEF—> >

Enables porting of Virtex-5 DCMN —» D Tleeds] o o] e falucol2 ”

= LOCKED
[ o1

— Signal showing that the MMCM“-*"® > Stop HoLp | || 0

has locked on to the input —EEtGCt,CLKINSTOPPED -

frequency »CLKFBSTOPPED

04

= CLKINSTOPPED/FBSTOPPED

— Status signals, indicating that
the input or feedback clocks

05

06
M

v

T

Vv v vl

CLKFBOUT

have stopped running
= PWRDWN

— Disable / Enable signal to the
regulated supply of each MMCM

Additional signals to make the MMCM a powerful system component

==AVNET



CLKIN CLKOUTO

CLKFBIN

Controlled phase relationship between input clock and @E?&t

MMCM Usage Models Clock Deskew "

Accelerating Your Success™

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

— |.e. Fin/D = Fvco/M
Example:
SCQOM(HZ, D=1, M=3,

— Fin/D = Fvco/M = Zﬁ/ﬁ—‘@'ﬂ"



X4 MMCM Usage Models Internal Feedback "

Accelerating Your Success™

= When a controlled phase
relationship between input
clock and output clock is not
required

CLKIN  CLKOUTO — MMCM used only as

CLKFBIN frequency synthesizer or
jitter filter

— Only one global clock
Input clock T LML L L L L L™

Output $

Clocks | | | | |

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



X4 MMCM to MMCM Connection

Accelerating Your Success™

CLKIN CLKOUTO = MMCM in the same CMT can

CLKEBIN 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

CLKIN  CLKOUTO

CLKFBIN

CLKFBOUT

Dedicated connection between MMCM in CMT saves a global clock buffer

==AVNET"
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X4 MMCM to MMCM Connection

IBUFG

CLKIN CLKOUTO

CLKFBIN

BUFG

vy}
c
5
®

To

Logic

» 10

CLKIN  CLKOUTO

CLKFBIN

CLKFBOUT

qomc

Accelerating Your Success™

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

=—=AVNET"

i



X

Step 1.

Select desired MMCM
features

Enter input frequency and
jitter requirements

Step 4:

*Review / edit settings
(Bandwidth,
Compensation)
*Review / edit values
(period, jitter, phase)

Clocking Wizard Flow

Step 2:

*Choose number of output
clocks

Select frequency, phase
and duty cycle of all output
clocks

Step 5:

*Review summary of
MMCM configuration prior
to generating design

102

Accelerating Your Success”

Step 3:

Select input clock buffer
source, output clock
buffers

*Choose which optional
pins to use and specify the
feedback path

Step 6:

*View resource summary,
XPower parameters and
generated files

==AVNET



AUTOBUF -

Accelerating Your Success™

AUTOBUF

AUTOBUF is a simple buffer
to be used in place of all |+o
clock buffers

— Software makes the right
buffer choice

Single-input buffers only
— Cannot invoke buffers with

clock enable, frequency ,+o . o
divide, or select ports BUFH
Can be overridden with | » o
Buffer_Type attribute BUER BUFG
implementation if needed > 0 |+o

BUFIO IBUFG

— Gives the user control over

Simplifies clock buffer choice

==AVNET



Virtex-5/ Virtex-6 Clocking Comparison

Accelerating Your Success”™

Virtex-5 eX-6
Number of Clock Regions 8-24 6-18 (double size)!
Global Clock Buffer Maximum Frequency 710 MHz 800 MHz
(BUFG)
Regional Clock Buffer Maximum Frequency 300 MHz 500 MHz
(BUFR)
IO Clock Buffer Maximum Frequency (BUFIO) 710 MHz 800 MHz
Horizontal Global Clock Buffer (BUFH) No 12 per region
Low-Jitter Path to 10 (Performance Path) No 4 per 10 Column

per region

Clock Gating Options

32 BUFGCTRL

32 BUFGCTRL
and up to 216

BUFHCE?
Global Clock Capable IO 20 GC pins 8 GC pins and up
to 72 CCIO?3
Clock Management Tile Two DCM and one Two MMCM
PLL
CMT per device Upto 6 Upto9
VCO Maximum Frequency 1440 MHz 1600 MHz

104

== AVYNET



XILINX

D/ »{
/j

\""--u.
)

DCM_SP Primitive

Accelerating four Success
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RTANW

Prowdes 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

DCM_SP

Retained DCM functions from Spartan-3A, including both DLL and DFS
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Spartan-6 DCM_CLKGEN: M/D Dynamic Configuration
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' LoadD LoadM GO
command command command

i
I

PROGEN

—

PROGDATA _IJ—I U—l |
B : GAP i GAP

PROGDONE > > |
LOCKED |

—_—

“D-1" value “M-1" value
(2 =00000010) (13=00001101)

= 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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XfESt DCM_CLKGEN: Free-Running Oscillator

XI LINX

SPARTANW

CLKFX_MULTIPLY =?
CLKFX_DIVIDE = ?

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

«

FPGA soft .-
control Iogl'c

A
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
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DCM_CLKGEN: Generates Spread-Spectrum Clocking
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4 Frequency 4 Frequency
Input Center Spread Downspread
Frequency -} "3 +- X% -y%
+X% !
Input
Input Frequency
Frequency
Input -
Frequency ~
Modulation ::nput
v Frequency r;quency- ¥ H
Efequtf_?ncy y7 Frequency Modulation
gviation Time Deviation Frequency Time
> >

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
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X4 DCM/PLL Automatic De-skew
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XILINX 6
’ GCLK Pin
X
10] CLK_REF or CLKIN

v

ILOGIC|

CLKFB
~ % ) &

EKMX

A A 4

CLKOUT

PLL/DCM

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