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Agenda

m Stratix™ Clock networks
m Introduction to Stratix™ PLLs
m Stratix™ Enhanced PLL

m Advanced Features
— Programmable Bandwidth
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Global Clock Networks

m Sixteen Networks Feed CLK[15..12]
Entire Device ?

— 16 Dedicated Clock
Input Pins

— PLL Outputs
— Internal Logic CLK[3..0]}

m Used as Clock or Control
Sources for All Device
Structures & Blocks

CLK[11..8]

CLK[7..4]
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Regional Clock Networks

m Four Networks that Feed
Single Device Quadrant

— 16 Dedicated Clock
Input Pins

— PLL Outputs

m Lowest Clock Delay &
Skew within Quadrant

MIL

CLK[3..0]

CLK[15..12]
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Fast Regional Clock
Networks

m Fastest t g & tg
— ldeal for Localized Clock & Control Signals

m 8 Input Pins per Device
— EP1S10, EP1S20, EP1S25 & EP1S30: 8 Clock Networks
— EP1S40, EP1S60, & EP1S80 : 16 Clock Networks

EP1S10, EP1S20, EP1S40, EP1S60,

EP1S25 & EP1S30 & EP1S80

FCLK[1..0] FCLK[1..0]
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Stratix Enhanced PLL Details

General Routing
or I/O Buffers
Local
Switchove Clocks
Circuit Spread /0
Spectrum Buffer
} 4 Global
Clocks
M
NxK

-"-E—m_‘: I/O Buffers

External X— } (Single-

M Featured Only in PLLs 5 & 6 in Larger Differential)
Densities )
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Stratix Enhanced PLL

m Total of 8 Global Outputs From Enhanced PLLs
— Additional Outputs Allowed Via 8 Regional Clocks

GCLK Pins
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nn— 00
el | | ] ....’H ]
5
4\GE;|S 4 Globals
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Enhanced

EP1S10-EP1S30 PLLs EP1S40-EP1S120
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Global & Regional Clock Connectlons
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Stratix Fast PLL Details

From Global or
Regional Clock

Network LVDS or Regional

Clock Network

Clock
Input
Global or Regional
Clock Network
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PLL Resources per Device

Device Fast | Enhanced Total Number of Total Number | Total External
PLLs PLLs Distinct Frequenmes of Taps Outputs )

EP1S10

EP1S20 4 2 32 40 16
EP1S25 4 2 32 40 16
EP1S30 8 2 44 52 16
EP1S40 8 4 56 66 16
EP1S60 8 4 56 66 16
EP1S80 8 4 56 66 16

(1) Excludes Fast PLL External Outputs Using High-Speed Differential I/O Channels
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Stratix Enhanced PLL Features

Feature Description

Off-Chip Output Clocks 16 Single-Ended / 8 Differential per Device
Multiplication/Division P [%J M, N: 1 to 512

N K:1to 512
Programmable Phase Adjustable in Steps as Small as 160 ps
Programmable Delay 250 ps Increments (Up to = 3 ns)
PLL Reconfiguration M, N, K & Delay Parameters Change on the Fly
Programmable Lock Detect User-Specified Lock Signal Assertion
Programmable Bandwidth Adjustable Bandwidth (200 KHz to 1.5 MHz )
Clock Switchover Backup Clock During Loss-of-Lock
Output Clock Enable Output Clock Enable on Each Output Counter
Phase Frequency
Detector (PFD) Enable Enable/Disable PFD Outputs
Spread Spectrum Clocking Reduction of Electromagnetic Interference
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New Features

m PLL Reconfiguration
— Allows Changing of M, N, & K, (G, L, E) Counters &
Delay Elements without Cycling Power
m Clock Switchover
— Provides Primary & Secondary Clocks for Loss-of-
Lock/Clock Conditions
m Spread Spectrum
— Modulate Output Frequency in a Controlled Manner to
Reduce EMI Emissions
m Programmable Bandwidth

— Customizes Bandwidth Characteristics to Better Suit
End Application (200kHz — 1.5MHZz) o venre o
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PLL Reconfiguration

m Real-Time Reconfiguration of PLL Parameters
— Used in Applications that Require Real-Time Variations in Output Frequency & Delay
— Reconfigured Serially Using General Routing Resources or I/O Pins
— Requires Less than 100 us Using 25-MHz Clock

Reference Clock —m At PFD ™ cp/LEF ™ yco
Data — i1
Clock —— ;LGS

Bl —
—E

Shift
Registers
BN Shift Hm_
Registers =4 Shift
Registers

mmd Shift
Registers
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Quartus Il MegaWizard Plug-in

MegaWizard Plug-In Manager - ALTPLL [page 2 of 15]

inclk0

my_pll_inst

zscanclk

scanacl

inclk0 frequency: 100.000 WHz
Operation hode: Mormal

scandata

Clk

Ratio

Fh (dg)

Td (n=)| O (%)

20-Bit Value puilll

=]

o

0.00

0.00

il

|__— should pass before the PLL iz congidered locked?

Jump to page far: ScandLock j

— Dynamic configuration options

¥ Create optional inputs for dynamic reconfiguration

Some PLLz have fewer independent outputs and require less data to
reconfigure. These PLLs have a sharter scan chain.

Which zzan chain bype will vou be uzing?

% Long chair: Al § core and 4 extemal clocks e available

" Short chain: Limited to & core clocks, with Dpﬁwtemal clock

— Lock output options

¥ Create locked' output
[ Hold locked' autput low |2EIEIEIE| cycles after the PLL initializes

H pnchronized half clock cycles of the pre-scaler output Iﬂ

How many unzynchronized half clock cycles of the pre-zcaler output m
ghould pass before the PLL is conzsidered unlocked?

™ Setthe PLL to hold the COMF_DOME signal low until the PLL locks

Cancel | < Prev | Mest » | Finizh |
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Design Guidelines

m Delay Elements May Also Be Changed
— Should Change Slowly
e Sudden Large Changes Can Result in
Glitching
— If Delay Is in the PLL Loop,
Resynchronization Will Have to Occur
m Allows User to Dynamically Shift Clocks

— VCO and Counter Phase Changes Can Only
Be Made Through POF
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Design Guidelines

m Recommended Reconfiguration Sequence

Disable PLL Outputs

Scan-in New Counter and Delay Element
Settings Using SCANCLK and SCANDATA

Restart the PLL Using ARESET
Monitor LOCK Output From PLL
Enable PLL Outputs After Lock

Don’t Have to Worry About Glitches Due to

Large Increments!

20 YEARS of

MIL /NOERA,

INNOVATION



Clock Switchover

m Useful in High-Reliability Systems Requiring Backup Clock

— Automatic Switchover Achieved with Clock Sense Circuitry
m Can Also be Used in Multi-Frequency Systems
— Manual Switchover

m VCO Continuously Running

— Frequency Decreases Until Secondary Clock is Locked

» Clock1_Bad
» Clock2_Bad
I Clock=Switch l
) |
g4 Clock e  Switchover
lock L
: State Machine Clock_Loss
Clock1 1 ManuaI_SWitCh
——p PLL Input
Clock2 é _
IVI 20 YEARS of
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Quartus Il MegaWizard Plug-in

inclkn

my_pll_inst

inclk

clkswitch

inclkO frequency: 100.000 MHz
inclk1 frequency: 100.000 hiHz
Operation hode: Mormal

Cik [Ratio|Ph dgi[ T s O

el | 24| 000 | 0.00 Al

Can feed Core or I/O

Jump to page for; E:I.:.

ck switchove

— Clock switchover options

[w Create an inclock]” input for @ zecond input clock

What iz the frequency of the inclock] input? |1DEI.EIEI

Which will be the primary clock?

[MHz =]
Iinu:lk[l *I

V¥ Create a 'chkswitch' input to dynarically control the
between input clocks

Perform the input clock switchover after |1 input clock cycles

¥ Perfarm input clock switch when the primary clock goes bad

¥ Perfarm input clock switch when the PLL has lost lock

gitching

= [0inclk iz being uged! 1 inclk1 iz being used)

[V Create a 'clloss' output

¥ Create a 'clkbad output for each input clock
[0 input clock iz togalings 1 input clock, iz not togaling]

[¥ Create an 'activeclock' output to indicate the inpw
N

5 Bit Counter!

Cancel | < Prev |

New> | Eish |
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Control Signals

m ClkObad, Clk1bad

— Qutput From Clock Sense Circuit to Indicate
When One of the Clocks Has Gone Bad

m Active Clock

— Indicates Which Clock Is Driving the PLL. ‘0’
for InclkO and ‘1’ for Inclk1

m Clkloss

— A ‘0O’ Indicates That the Primary Clock Has Stopped
Running
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The Need for Spread Spectrum

m High-Speed Clocks Generate

Significant Amount of Energy IA\ Tem
— Concentrated in Narrow Frequency I/\\ {-Reduction--
Range

— Results in High Peak Electromagnetic
Interference (EMI) Emissions .

m Peak EMI Emissions Must be /. — =
Reduced to Meet FCC Regulations

A \//
/

Amplitude

: Frequenc
— Common Techniques Include auency
Shleldmg —— Before Spread
e Significant Design Costs Associated —— After Spread
with Reduction Measures
20 YEARS of
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Stratix Spread Spectrum

m Significantly Reduces EMI Emissions
— Minimizes Costs Associated with Reduction Measures

m Modulates the Target Frequency over a Small Range
— Redistributes Energy over Wider Band of Frequencies

m Provides up to 0.5% Downspread
— Triangular (Linear) Modulation of 100 to 500 KHz
— 4 to 6 dB Reduction in Peak Energy

m Affects All PLL Outputs

20 YEARS of
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Spread Spectrum

Implementation
Input Up
Clock CP to Output
dde m LF Counters
Spread
Spectrum
Counter
20 YEARS of
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Quartus Il Megawizard Plug-in

Megawizard Plug-ln Manager - ALTPLL [page 3 of 15]

The Features On This Page Are
Not Available For 2.0

pll1

inclka
llena

inclk0 frequency: 100.000 hiHz
Operation hdade: Momal

Cik | Ratio] Ph cag) Td i O )
o | 14| ooo | ooo | 0

Jurnp to page for |Eandwidth£55 j
— Bandwidth

& lower bandwidth will rezult in better input jitter rejection and less drift
during switchaver at the expense of a slower PLL lock time.

How would pou like to specify the bandwidth
% Ayt
" Preset |Low T

O Custor:  Set bandwidth to ITDUD IMH: j

— Spread Spectium

The spread spectum feature allows for a madulation of the PLL clock
frequency. The range of the clock frequency deviations is determined by
the 'doven zpread' while ‘madulation frequency’ contrals their period

¥ Use spread spectum feature and

Set down spread ta IEI.EEIEI j percent

Set maodulation frequency |3EIEI.EIEIEI I kHz j

Cancel | < Prey | Mest | Einizh |

MIL
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Design Guidelines

m All PLL Outputs Are Affected
— Spread Spectrum Modulates the M Counter Value

m OK to Use With Clock Switchover

m Cannot Use the Programmable Bandwidth
Feature With Spread Spectrum

— If Using One Feature, the Other Option Will Be Grayed
Out in the Megawizard
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Design Guidelines

m Cascading PLLs That Use Spread Spectrum
— The Downstream PLL, Receiving the Spread
Spectrum Signal, Should Have a High Bandwidth to
Track the Jitter
m Stratix Devices Are Able to Lock Onto a Spread
Spectrum Input Signal
— The Incoming Spread Spectrum Signal Looks Like
Jitter
m Increased Period Jitter

m Lower Average Clock Speed
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Programmable Bandwidth

m Allows Customization of PLL Bandwidth to Suit
End Application
— Lock-Time Tradeoff with Jitter Filtration

m Bandwidth Settings

— Automatically Selected

e To Preset Values
— Low, Medium & High

e To Customized Values Specified by User

m Bandwidth Ranges from 200 KHz to 1.5 MHz
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Quartus Il Software Settings
m Set Bandwidth Via MegaWizard®

MegaWizard Plug-In Manager - ALTPLL [page 3 of 15]

Jumnp to page for; B andwidth/55 :_i

— Bandwidth
The Featu res On Th iS Page Are .3. lowwer bandwidth will result in better input jitter rejection and less drift
: uring switchaver at the expensze of a slawer PLL lock time.
NOt Avallable For 20 How would vou like to zpecify the bandwidth
ol  Auto
" Preset

inclkO
inzlkl frequency: 200.000 hiHz o ; . 1000
llens Bty ML Mgl * Custom:  Set bandwidth to ; lMHz __'r_i
areset

Cik [Ratio] Ph rdgd] Td (= DT e
c0 | 141 | ooo | ooo | so

~ Spread Spectrum i

The zpread spectrum feature allows for a modulation of the PLL clock
frequency. The range of the clock frequency deviations iz determined by
the ‘down spread’ while ‘modulation frequency’ contralz their period

[ Use spread spectium feature and

Set down spread to Ill_‘:':':'[l :i percent
Set modulation frequency lifl'il:l oo i Hz vi

Cancel | < Prev I Meut > | Finizh l
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Quartus |l Software Settings

m Set Bandwidth Type Using MegaWizard

— Auto: Let Quartus® Il Choose Bandwidth
Setting

— Preset
e Low: Low Bandwidth
e Medium: Medium Bandwidth
e High: High Bandwidth

— Custom: Enter Desired Bandwidth Value

e Quartus Il Will Automatically Adjust Other
Bandwidth Settings in Order to Achieve This Value
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Enhanced & Fast PLL

Specifications

Input Frequency
Output Frequency
Lock Time

Dynamic Lock Time
Maximum Input Jitter
Maximum Output Jitter

VCO Operating Range

MIL

3 to 462 MHz 33 to 644.5 MHz
1.2 to 462 MHz 9.4 to 644.5 MHz
1ms 100 ps

100 ps -

+150 ps (p-p)
+100 ps (p-p)
300 to 800 MHz

+100 ps (p-p)
+100 ps (p-p)
300 to 840 MHz
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