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Using APEX 20K & APEX 20KE PLLs in the Quartus Software

Introduction

APEX™ devices support the ClockLock™, ClockBoost™, and ClockShift™ clock management features, which are
implemented with phase-locked loops (PLLs). The ClockLock circuitry uses a synchronizing PLL that reduces the
clock delay and skew within a device. This reduction minimizes clock-to-output and setup times while maintaining
zero hold times. The ClockBoost circuitry, which provides a clock multiplier, allows designers to scale, or multiply,
the input clock by integers or fractional ratios. The ClockShift circuitry provides programmable clock delay for phase
shift applications or clock delay control for meeting strict timing requirements. The ClockLock, ClockBoost, and
ClockShift features work in conjunction with the APEX device’s high-speed clock to provide significant
improvements in system performance and bandwidth.

You can use theltclklock megafunction within the Quartus™ software to enable the ClockLock, ClockBoost,
and ClockShift features in APEX devices (§égure ). This document describes how to implement these clock
management features using #ielklock megafunction in the Quartus software.

Figure 1. altclklock Megafunction
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APEX 20K Devices

APEX 20K devices have one PLL that features ClockLock and ClockBoost circuitry. This PLL can be instantiated by
using thealtclklock megafunction. APEX 20K devices support ClockBoost multiplication circuitry, offering 1

2%, and 4 clock multiplication.Figure 2shows the ClockLock and ClockBoost circuitry block diagrams within the
altclklock megafunction and its ports.
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Figure 2. altclklock Port-to-PLL Relationship for APEX 20K Devices
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You can use a single output clock &f 2x, 4%, or ary combination of output clockall altclklock clock
outputs are 50/50 dutycle. Table1 describes the clock multiplication combinations thatatteklock
megafunction supports fokPEX 20K devices.

Table 1. Multiplication Factor Combinations

ClockO Clock1l INputFrequenc y(MHz)
1x 1x 25 to 200
1x, 2% 2% 16 to 100
1x, 2%, 4% 4x 10to 48

The dedicated clock pirCLK2) supplies the clock to the PLL and thléclklock megafunction.The usage
guidelines for thaltclklock megafunction when used f&¢PEX 20K deices are:

Theinclock  port can only be fed directly by a dedicated clock input pin witha@et&on.
Thealtclklock can only be used to clock posgéior ngative edge-triggered gésters in LES, I0Es, or ESBs.
The CLK2 pin that directly feeds the inclock port can alseeldther rgisters without the PLL. Heever, doing
so males theCLK1 pin and theclockl  port unaailable.

= When two clock outputs are generated, the other clock@irK({) cannot be used.

Connect the board clock trace to tBeK2 pin only for designs that requireavoutputs from thaltclklock
megafunction.Figure3 illustrates the alid clock connections for the PLL and the global clock lines.
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Figure 3. APEX 20K Dedicated Global Clock Pin Connections to PLL & Dedicated Clock Lines
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APEX 20KE Devices

APEX 20KE deices incorporate multiple ClockLock circuits with aied featureg.hese features include
ClockLock, adanced ClockBoost, W-voltage diferential signaling (LDS) support, ClockShift circuitryand
external clock outputs with optionakternal feedback inputs. Ea8iPEX 20KE PLL includes circuitry that pvimes
clock synthesis usingV(n x k) or m/(n x v) scaling.These scalingafctors are chosen by the Quartus safev
according to the multiplication andviion scaling parameteriues in thaltclklock instantiation Figure4
shavs the ClockLock and ClockBoost circuitry APEX 20KE deices.

Figure 4. ClockLock & ClockBoost Circuitry in APEX 20KE Devices
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Each of the dedicated global clock pins in EP20K300E, EP20K400E, EP20K600E, EP20K1000E, and EP20K1500E
devices CLK1p, CLK2p, CLK3p, CLK4p) supplies the clock to a PLL. Eaaliclklock instance represents a



Using APEX 20K & APEX 20KE PLLs in the Quartus Software White Paper Altera Corporation

single PLL instantiationAll altclklock clock outputs are 50/50 dutyate. The other generdlPEX 20KE usage
guidelines foraltclklock are:

It can only be fed directly by a dedicated clock input pin withotgrsion.

It can only be used to clock pos#ior ngative edge-triggered gésters in logic elements (LEs), input/output

elements (IOEs), or embedded system blocks (ESBS).

The allavable frequenginput range is 1.5 to 160 MHz.

The allavable frequeng output range onlockO is 1.5 to 200 MHz.

The allavable frequeng output range onlockl is 20 to 200 MHz.

Phase shifting is only possible on a multiplied clock if the input and output fragharecan intger multiple

relationship, i.e.if/foyt Or fo ¢/fin Must be an intger.

m  Phase shifting, using deee or time units, will delayr lag, the output clock with respect to the input clock (see
Figureb).

m  The ratio ofclock_boost toclock divide cannot be greater than 18here is also a special scaling ratio

of 256/193 or 193/256 that is respeety alloved forT1/E1 or E1/T1 clock rate cwarsion.

Figure 5. Phase & Delay Shifting Using APEX 20KE PLLs
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There are seral conditional equalities between input frequent n, k, v, and phase shiftalues.The

altclklock MegaWzard™ automatically sets tm, n, k, andv dividers to satisfy these equalities and to
accommodate the clock multiplication ovidion and phase shift enterdthe MegaWizard should be used tenify
the \alidity of settings; the MgaWizard reports if a multiplication/dision frequeng ratio is not possible.

Each PLL can be drén by a dedicated clock pin and also bypassed simultaneGu&lgp andCLK4p pins can feed

two PLLs each, or tavaltclklock instancesThis is useful for applications that need the phase shifted and non-
phase shiftedersions of the clock. Because the eight PLL outputs are shared among four possible dedicated global
clock lines, certain combinations of multig#clklock instances and their output connections are not possible.
The Quartus softare associates PLL numbers (1, 2, 3, 4) based on pin assignments made to the dedicated global
clock pin that feed thaltclklock magafunction.Figure6 illustrates the alid clock connections for the PLL and

the dedicated global clock lines in thesgides.This figure should be used to determine whether a design clocking
scheme isalid in terms ofAPEX 20KE PLL and clock connectionsofFexample,CLK4p can feed PLL4 and PLL2
simultaneouslybut only a single output from each PLL can be used since the four possible outputfgexbal

clock lines.
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Figure 6. Dedicated Global Clock Pin Connections to PLL & Dedicated Clock Lines for EP20K300E,
EP20K400E, EP20K600E, EP20K1000E & EP20K1500FE Devices

PR L) , 4 Dedicated
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CLK2p CLK1p
CLKLK_FB2p Y__r7 V—TJ CLKLK_FB1p
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Notes:

(1) These PLL connections are used only DIS mode and apply to th&L.TLVDSmegafunction.LVDSTXINCLK LBDSRXINCLK and
LVDSTXOUTCLIre designated dual purpose I/O pins that are usedS tlocks for the PLLs in\\DS mode.

(2) PLL3 or PLL4 can be codfired for general purpose ovDS use.

(3) This PLL is a high-speed CMOS/DS interface clock that feeds th&/ DS transmitter block.

(4) This PLL is a high-speedMDS/CMOS interfce that feeds the/DS recever block.

For EP20K60E, EP20K100E, EP20K160E, and EP20K200ttele, theCLK4p andCLK2p dedicated clock pins
supply the clock to tev possible PLLsThese PLLs hae the same usage guidelines as the EP20K400E ged lar
devices'PLLs, with the gception of some PLL connection®u can use all four possible PLL output clocks that are
shared among four dedicated clock lines. If you use all the outpuSlK&p andCLK1p pins cannot be used.

Figure7 illustrates the alid clock connections for the PLL and the global clock lines in thegeede Usd-igure? to
determine whether a design clocking schemalislin terms of PLL and clock connectiomadtclklock
megafunction port connections should falldhe usage guidelines illustratedrigures6 and7.
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Figure 7. Dedicated Global Clock Pin Connections to PLL & Dedicated Clock Lines for EP20K60E,
EP20K100E, EP20K160E & EP20K200E Devices
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The ClockShift and ClockBoost features, as well as other PLL feature settings, are controllealtoikibek
parametersThis section describes the ports and parameters faittidock megafunction and shas the
function prototype and component declarations.

The folloving sample script slwgs anAHDL Function Prototype (port name and order also appifetdog HDL).

FUNCTION altclklock (inclock, inclocken, fbin)

WITH (INCLOCK_PERIOD, INCLOCK_SETTINGS,
VALID_LOCK_CYCLES, INVALID_LOCK_CYCLES, VALID_LOCK_MULTIPLIER,
INVALID_LOCK_MULTIPLIER, OPERATION_MODE,
CLOCKO_BOOST, CLOCKO_DIVIDE, CLOCKO_SETTINGS,
CLOCK1_BOOST, CLOCK1_DIVIDE, CLOCK1_SETTINGS,
OUTCLOCK_PHASE_SHIFT)

RETURNS (clockO, clockl, locked);

VHDL Component Declaration:

COMPONENT altclklock
GENERIC (INCLOCK_PERIOD: NATURAL;
INCLOCK_SETTINGS: STRING :="UNUSED";
VALID_LOCK_CYCLES: NATURAL := 3;
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INVALID_LOCK_CYCLES: NATURAL := 3;

VALID_LOCK_MULTIPLIER: NATURAL := 1,

INVALID_LOCK_MULTIPLIER: NATURAL =1,

OPERATION_MODE: STRING := "NORMAL";

CLOCKO_BOOST: NATURAL =1,
CLOCKO_DIVIDE: NATURAL :=1;
CLOCK1_BOOST: NATURAL :=1,
CLOCKZ1_DIVIDE: NATURAL :=1;

CLOCKO_SETTINGS: STRING :="UNUSED";
CLOCK1_SETTINGS: STRING :="UNUSED";
OUTCLOCK_PHASE_SHIFT: NATURAL :=0);

PORT (inclock, inclocken: IN STD_LOGIC;
fbin : IN STD_LOGIC :='0};
clockO, clockl, locked : OUT STD_LOGIC);

END COMPONENT,;

Tables2 through4 list altclklock

input port, output port, and parameter descriptions.

Table 2. altclklock Input Port Descriptions

Port Name Required Description Comments
inclock Yes Clock port that drives
ClockLock PLL

inclocken No PLL enable signal When the inclocken  port is high, the PLL drives the clock0 and
clockl ports. When the inclocken  port is low, the clockO and
clockl ports are driven by GNDand the PLL goes out of lock. When
the inclocken  port goes high again, the PLL must relock. This port
must be unconnected for APEX 20K devices.

fbin No External feedback input | To complete the feedback loop, there must be a board-level

for PLL

connection between the fbin  pin and the external clock output pin
of the PLL. Phase shifting on either clock output is not possible
when external feedback is used. Division is still possible on both
clock outputs, but multiplication is only possible on the clock output,
clockO /clockl , which must be unconnected for APEX 20K
devices.
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Table 3. altclklock Output Port Descriptions

Port Name

A

Required

Description

Comments

clockO

No

First output clock of the
PLL

In APEX 20K devices, if the pin driving the PLL inclock  portis
used somewhere else in the design, you can use only the PLL
clockO output port. A deterministic no-fit occurs if you
simultaneously use the clockO port, clockl port, and the pin
driving the inclock port of the PLL. In APEX 20KE devices, you can
use the clockO port, clockl port, and the pin driving the

inclock  port of the PLL in order to improve the fitting of the PLL.
However, if you use the PLL to generate only one clock signal, use
the clockl port to give the Compiler added flexibility when fitting
the PLL.

clockl

No

Second output clock of
the PLL

In APEX 20K devices, if the pin driving the inclock  port of the PLL
is used elsewhere in the design you can only use the clockO output
port of the PLL. A deterministic no-fit occurs if you simultaneously
use the clockO port, clockl port, and the pin driving the

inclock  port of the PLL. In APEX 20KE devices, you can use the
clockO port, clockl port, and the pin driving the inclock  port of
the PLL in order to improve the fitting of the PLL. However, if you
use the PLL to generate only one clock signal, use the clockl port
to give the Compiler added flexibility when fitting the PLL.

locked

No

Status of PLL

When the PLL is locked, this signal is VCC when the PLL is out of
lock, this signal is GNDThe locked port may pulse high and low
while the PLL is in the process of achieving lock.
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Table 4. altclklock Parameter Descriptions (Part 1 of 2)

Port Name

Type

i

Required

Description

INCLOCK_PERIOD

Integer

Yes

Specifies the period of the inclock  port in ps or the frequency in
MHz. MHz must be specified since ps is the default. This parameter
is not required if a clock setting is specified for the inclock  port.

INCLOCK_SETTINGS

String

No

Specifies the clock setting assignment to be used with the inclock
port. If the INCLOCK_SETTINGSparameter is specified, the
INCLOCK_PERIODparameter is not required and is ignored. If the
INCLOCK_SETTINGSparameter is omitted, the default is unused.

VALID_LOCK_CYCLES

Integer

No

Specifies the number of half-clock cycles that the clock0O and
clockl ports must be locked before the locked pin goes high. This
parameter is only used for third-party and functional simulation. Use
the output file from the MegaWizard Plug-In Manager to calculate
the value for this parameter. If you do not enter a value for
VALID_LOCK_CYCLESthe default is 5. This parameter is available
only in APEX 20KE devices.

INVALID_LOCK_CYCLES

Integer

No

Specifies the number of half clock cycles that the clock0 and
clockl ports must be out of lock before the locked pin goes low.
This parameter is used only for third-party and functional simulation.
Use the output file from the MegaWizard Plug-In Manager to
calculate the value for this parameter. If you do not enter a value for
INVALID_LOCK_CYCLES the default is 5. This parameter is
available only in APEX 20KE devices.

VALID_LOCK_MULTIPLIER

Integer

No

Specifies the multiplier used along with internal PLL configuration
information to generate the VALID_LOCK_CYCLESparameter. The
actual VALID_LOCK_CYCLESvalue is displayed in the Compiler
informational messages and in the MegaWizard output file. This
parameter is required if the locked port is connected, and its values
range from 1 to 5. If you do not enter a value for
VALID_LOCK_MULTIPLIER, the default is 5. This parameter is
available only in APEX 20KE devices.

INVALID_LOCK_MULTIPLIE
R

Integer

No

Specifies the multiplier used along with internal PLL configuration
information to generate the INVALID_LOCK_CYCLESparameter.
The actual INVALID_LOCK_CYCLESvalue is displayed in the
Compiler informational messages and in the MegaWizard output
file. This parameter is required if the locked port is connected, and
its values range from 1 to 5. If you do not enter a value for
INVALID_LOCK_MULTIPLIER, the default is 5. This parameter is
available only in APEX 20KE devices.

OPERATION_MODE

String

No

In normal mode, if the PLL only feeds the internal clock network, the
phase alignment occurs between the network and the dedicated
inclock pin. If the PLL only feeds an external CLKLK_OUTpin, the
phase alignment occurs between the external CLKLK_OUTpin and
the dedicated inclock pin. If the PLL feeds both the internal clock
network and an external clock CLKLK_OUTpin, the PLL
compensates for the output pin, and the phase alignment occurs
between the external CLKLK_OUTpin and the dedicated inclock
pin. As a result, a phase error is introduced on the internal clock
network. In NO_COMPENSATIOMNode, the PLL does not
compensate for an external CLKLK_OUTclock pin. Therefore, there
is always a phase error on the external CLKLK_OUTpin, regardless
of whether the PLL drives the internal clock network. Values for the
OPERATION_MODgarameter are NORMAland
NO_COMPENSATION you do not enter a value, the default is
NORMALThis parameter is available only in APEX 20KE devices.
Also, LVDS is an allowable operation mode but cannot be specified
by this megafunction—it is set with the altivds ~ megafunction.

CLOCKO_BOOST

Integer

No

Specifies the integer-multiplication factor for the clockO port with
respect to the input clock frequency. You can only specify this
parameter, which must be greater than O, if the clockO port is used.
However, it is not required if a clock setting is specified for the
clockO port. The value for this parameter must be 1, 2, or 4 for
APEX 20K devices; for APEX 20KE devices, use the MegaWizard
Plug-In Manager to calculate the value. If you do not specify a value,
the default is 1.
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Table 4. altclklock Parameter Descriptions (Part 2 of 2)

Port Name

Type

Required

Description

CLOCKODIVIDE

Integer

No

Specifies the integer division factor for the clockO port with respect
to the input clock frequency. You can specify this parameter, which
must be greater than 0, only if the clockO port is used. However, it
is not required if a clock setting is specified for the clockO port. The
setting for this parameter must be 1 for APEX 20K devices. Use the
MegaWizard Plug-In Manager to calculate the value for this
ga;anlﬁeter for APEX 20KE devices. If you do not specify a value, the
efault is 1.

CLOCKO_SETTINGS

String

No

Specifies the clock setting assignment to be used with the clockO
port. If this parameter is specified, the CLOCKO_BOOST
CLOCKO_DIVIDE, and OUTCLOCK_PHASE_SHIFparameters are
not required and are ignored. If both CLOCKO_SETTINGSand
CLOCK1_SETTINGSare specified, they must have the same phase
shift. If this parameter is not specified, the default is UNUSED

CLOCK1_BOOST

Integer

No

Specifies the integer multiplication factor for the clockl port with
respect to the input clock frequency. You can only specify this
parameter, which must be greater than 0, if the clockl portis used.
However, it is not required if a clock setting is specified for the clockl
port. The setting for this parameter must be 1, 2, or 4 for APEX 20K
devices. Use the MegaWizard Plug-In Manager to calculate the
value for this parameter for APEX 20KE devices. If this parameter is
not specified, the default is 1.

CLOCK1_DIVIDE

Integer

No

Specifies the integer division factor for the clockl port with respect
to the input clock frequency. You can only specify this parameter,
which must be greater than 0, if the clockl port is used. However,
it is not required if a clock setting is specified for the clockl port. If
this parameter is not specified, the default is 1.

CLOCK1_SETTINGS

String

No

Specifies the clock setting assignment used with the clockl port. If
this parameter is specified, the CLOCK1_BOOSTCLOCK1_DIVIDE,
and OUTCLOCK_PHASE_SHIFparameters are ignored. If both
CLOCKO_SETTINGSand CLOCK1_SETTINGSare specified, they
must have the same phase shift. If this parameter is not specified,
the default is UNUSED

OUTCLOCK_PHASE_SHIFT

Integer

No

Specifies the phase shift lag of the output clocks relative to the input
clock, expressed as a time unit. Phase shifts of 0.0, 0.25, 0.5, or
0.75 times the input period (0, 90, or 270 degrees) are implemented
precisely. The allowable range for the phase shift is between 0 ps
and one input clock period. If the phase shift is outside this range,
the Compiler adjusts it to fall within this range. For other phase
shifts, the Compiler chooses the closest allowed value. If the fbin
port is used, the programmable phase shift is not available. This
parameter is not required if clock settings are used for the clockO
and clockl ports. If this parameter is not specified, the default is 0.
This parameter is only available in APEX 20KE devices.

MegaWizard Interface

The MeggaWizard Plug-In Manager automatically sets the appropriate paramiiersptions on page 3 of the
MegaWizard windav only apply toAPEX 20KE PLLs, as shen in Figure8. Table5 lists the optionsailable on
MegaWizard Plug-In Manager

page 3 of thaltclklock

10
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Figure 8. Page 3 of the altclklock MegaWizard Plug-In Manager

MegaWizard Plug-In Manager - ALTCLKLOCK [page 3 of 6] [ ]

Use which device family?  |APEX20KE 'I

pll1

a programmakhle phase shift or through an external feedback?

¥—inclock clock1

Input Frequency = 25.0 MHz
Phase Shift = 9
Clock1 Freq. Ratio = 1

locked

& Do notuse external feedback

 Use extemal feedback from the following output clock:
) clackl

(Netes U must cornnectiiie cloek extermallytathe i @)

Place a higher priority on matching the phase shift of:

Should the altclklock PLL output clock(s) be synchronized with the input clock through

'ﬁ 3
Use a programmable phase shift of 90 degrees ¥

 Any external pins being fed [internal network will have an error] (Normal Mode)

& The intemnal network [pins being fed will have an error] (No Compensation Mode);

Cancell <ﬂack| Next > | Ernreh |

Table 5. altclklock MegaWizard Plug-In Options

Option

Description

Do not use external feedback

If external feedback is not used, programmable phase shift is allowed. Any phase shift
entered causes the output clock to lag the input clock. You can enter external feedback as
degrees, ps, or ns by using the pull-down list. The smallest resolution that can be
implemented is between 500 ps and 1 ns, depending on the voltage-controlled oscillator

(VCO) frequency, which is not controlled by the user.

Use external feedback from the
following output clock

If external feedback is used, programmable phase shift for clock outputs is disabled. Also,
multiplication is disabled for the clock output that is chosen for external feedback. For
example, if clockO is chosen as the external feedback output, then the clockO output
cannot be multiplied, but clockl can be multiplied and used as an internal clock. Clock
division is still possible for both clock outputs when external feedback is used.

Place a higher priority on matching the
phase shift of:
Any external pins being fed

This sets the Operation Mode parameter to normal . See Operation Mode description in

Table 2.

Place a higher priority on matching the
phase shift of:
The internal network

This sets the Operation Mode parameter to no_compensation

. The internal network is

always aligned to the input; the external output pin does not have phase compensation,
regardless of whether an internal clock is used. See Operation Mode description in

Table 2.

Page 4 of the MgaWizard Plug-In Manager (séegure9) is for input frequeng clock multiplication, and clock

division. The Estimated Rerformance

box displays the actual multiplicationyidiion, and phase shiftoF

circuits that can be constructed, the actual multiplication avisiat factors may dfer from the alues you enter
but the ratio of multiplication/dision for a gien clock output will be the samenrcircuits that cannot be
constructed, the closest ackable multiplication and dision factors are displaye@he closest possible phase shift
for the estimated performance ratios is alsegiThe inability to achiee the desired phase shift does noveng
circuit construction; the compiler achies the closest possible shift, glmunderActual phase shift  in the

Estimated Performance box.

11
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Figure 9. Page 4 of the altclklock MegaWizard Plug-in Manager

Megawizard Plug-In Manager - ALTCLKLOCK [page 4 of b] %]
Wyhat is the input clock freguency? - Estimated Perormance

150 MHz = Actual Clock0 multiplication factar,
i
Actual Clockl division factor:

i

pllt
= inclock clackD

clacki
locked

Wyhich output clocks would vou like to use?

Input Frequency = 150 MHz

Phase Shift = 90 degrees Clock multiplication factor |1 = Amu?l Clock] multiplication factar,
ClockD Freq. Ratio = 1 - = s o
Clock1 Freq. Ratio = 1 Clock division factor 1 — Actual Clack] division factor:
W Use Clackl 1
i 1 = Actual phase shift:
Clock multiplication factar = 30 dagrees
Clock division factar 1 = Ahle ta construct this circuit

Cancell <Eack| Mext > | Eitiish |

Page 5 of the MgaWizard Plug-In Manager (séegure10) provides options on user control for lock indication
lateng and the clock enable pofithe radio ltton choices for the Lock indication are determined by internal PLL
configuration parameters that aréeeted by the useatesired multiplication, dision and frequencfrom the

previous wizard page§.hese options automatically set MALID LOCK CYCLESINVALID LOCK_CYCLE
VALID_LOCK_MULTIPLIER, andINVALID_LOCK_MULTIPLIER parameters.

Figure 10. Page 5 of the altclklock MegaWizard Plug-In Manager

MegaWizard Plug-In Manager - ALTCLKLOCK [page 5 of 6] [ X]
How many synchronized input clock cycles should pass before the PLL is considered
Al locked?

e inciock clockD  0.50 clock cycles
clockl

locked

& 250 clock cycles

How many unsynchronized input clock cycles should pass before the PLL is considered
to hawve lostits lock?
 0.50 clock cycles

Input Frequency = 150 Hz
Phase %hift = 90 degrees
ClackD Freq. Ratio = 1
Clock1 Freq. Ratio = 1

@ 250 clock cycles

Add a clock enable input pin?
 Yes
& Mo

Cancell <Eack| MNext » | izt |

Figuresll and12 are &amples of PLL instantiations and canfiations.

12
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Figure 11. APEX 20K & APEX 20KE altclklock Instantiation with 2x, 4x Clocks & Clock Inversion
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Figure 12. APEX 20KE altclklock Instantiation with Clock Multiplication, Phase Shift & External Clock
Output
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Reporting

The ClockLock section of the compilation report displays informatigarding PLL usage (i.ealtclklock
megafunction usage) in the dee. This section is omitted if the design does not include PLbasntore information
on the ClockLock Section, see Quartus Help.

A compilation information message displays whether the requelsteld boost  andclock_divide factors
and/or the requested phase shift could be aetidhis information is useful if you do not use thedd@fzard
Plugdn Manager to grify if a PLL confguration can be constructedrfunachigableclock_boost  and
clock_divide factors, compilation willdil with an error message displaying the closest aahle fctors. lbr
unachi@able phase shift, the compilation displays the closestaadiiezand implemented phase skifttual valid
or invalid lock g/cle indication is also displayed.
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Timing Anal ysis

Multi-clock timing analysis causes the timing analyzer to report results usingBfecRLL input clocks and output
clocks are dirent clocks that require multi-clock analydiis is true gen for thex1 case because the clock
coming out of the PLL is generated from the RICO (not the clock pin), and a reduced-clock debagts on the
PLL output clock.

Another importantdct is that the PLL is tuned to run at the freqyerau specify or want. It will not function
reliably when abee or belav the specid frequeng (except for a 2.5% frequendolerance)The PLL runs
according to your spec#i settings and may not run at the maximum clock frequna x). Because of this and the

multi-clock analysisfy ax is not reported.

If fyax calculation is necessaryou can devie it from the reported slackhe microtcg, tgy, and the path delay are

given for a list path command on thetual Maximum P2P timing in the Slack Report wind®hese can be added
and irverted to find the f4ax Of that path.

When using anmaernal feedback input, the External Input Delay option can be used to specify the amount of board
delay from the xternal clock output pin back to theternal feedback inputhis assignment can be made on the pin
through theTools menu -3Assignment Qganizer ->Timing.

Clock Domain Transfers

For data transfer across clock domains, spediésign considerations should be made when using PLL clocks with
synchronous and asynchronous transfims. net two sections describe these considerations.

Synchronous Transfers

If the two clocks for domain transfer come from a single PLL, then all synchrongisterto-register transfers, (i.e.
50 MHz to 50 MHz or 50 MHz to 100 MHz),oxk across all conditions, and no special design considerations need to
be made.

If the two clocks come from tavdifferent PLLs, (i.e., fed by the same clock with no ClockShift), then you must insert
at least one logic element (LE) in the data path to guarantee data transfer betwegistevs that are connected via
local interconnectll other registerto-register transfers (e.g., across gd&AB™ interconnects) ark without

special design consideratiomsgure13 shavs theLCELL insertion for multiple clock sourcegisterto-register

transfer via local interconnect.

Figure 13. LCELL Insertion for Multiple PLL Clock Source Register-to-Register Transfer via Local
Interconnect

Registers Connected via Local Interconnect
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CLEM CLEM
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Async hronous Transfers

For asynchronous gisterto-register transfer(i.e., 50 MHz to 33 MHz), use the appropriate asynchronous design
techniques to transfer data from one clock domain to the. ¢ibreexample, the DCFIFO ffgt-in first-out (FIFO)
function can be used tauffer the data transfeFigure 14 shas a DCFIFO that can be used tdfbr the data

transfer

Figure 14. Using DCFIFO to Interface Between Asynchronous Clock Domains

OCFIFOD
33_Hz_data DATA
wmeq [ WRREQ
3 hHz WWRCLK

rreq RDREG (4CK)

_D& ROCLK

Pl wsed for
ClockBaost

If ClockShifted and non-ClockShifted clocks are used irgesterto-register transferthefy,ax may be reduced or a

hold time violation may occudepending on the direction and magnitude of the shift gasitive shift past 180
degrees can be consideredyative shift) and whether the destination or sourggsters clock is shifted.

Simulation

Thealtclklock behaioral model can be used to simulate bothAR&X20K PLL and théA\PEX20KE PLL by
generating a clock signal based upon a reference dbeldPEX 20K andAPEX 20KE behwaioral models’
instantiation should folle the same guidelines and restrictions as the design €hergltclklock behaioral
and timing models do not simulate jitter

To simulate the External Feedback Input pin, the usetges the vaveform expected for that pinlThis waveform
must hae a frequengthat is equal to thexternal output frequeryqthe input frequencdivided by theclockO /1
division factor whichever is used forxernal feedback) with a delay that corresponds to the total delay from the
output of the PLL to the External Feedback Input phis delay includes the PLL output to the External Clock
Output pin delay (which can be obtained fréiming Analysis), as well as the anticipated board délajs delay
should not gceed 5 ns or 50% of the input clock period, whighés lessWhen the External Feedback Input pin is
being used, there is no compensation for the output pin.delay

The behwaioral models fomltclklock reside in the \quartus\eda\sim_lib directéy EX20KE_MFEVHD
contains th&HDL behavioral models and can be used &tticlklock in bothAPEX 20K andAPEX20KE
devices. APEX20KE_MFv contains th&erilog behaioral models and can be used &ttclklock in bothAPEX
20K andAPEX 20KE deices.

The behwgioral model does not perform error checking, and the user must only spidfyalues for the parameters
of altclklock . When tagetingAPEX 20K deices, be sure to only usd’EX 20K-applicable parameters with
appropriate &lues.

In order to simulate the model successfitie resolution of the HDL simulator must be set to p&.larger
resolution will result in calculation rounding and thus create incorrect multiplicatiorisiodi

15



Using APEX 20K & APEX 20KE PLLs in the Quartus Software White Paper Altera Corporation

Sample VHDL Instantiation of the altc |kloc k Model in a Design

The following shavs a sampl&HDL instantiation of theltclklock model in a design.

library ieee;
use ieee.std_logic_1164.all;

entity pll_design is
port (inclock : in std_logic;
inclocken : in std_logic;
data_inl : in std_logic_vector(7 downto 0);
clockO : out std_logic;
r_out: out std_logic_vector(7 downto 0);
locked: out std_logic);
end pll_design;

architecture apex of pll_design is

component my_dff
port ( clock : in STD_LOGIC;
data: in STD_LOGIC_VECTOR(7 DOWNTO 0);
g : out STD_LOGIC_VECTOR(7 DOWNTO 0));
end component;

component altclklock
generic (

inclock_period : natural;
inclock_settings : string := "UNUSED";
valid_lock_cycles : natural := 5;
invalid_lock_cycles : natural := 5;
valid_lock_multiplier : natural := 5;
invalid_lock_multiplier : natural := 5;
operation_mode : string := "NORMAL";
clockO_boost : natural :=1;

clockO_divide : natural := 1;
clockl boost : natural :=1;
clockl_divide : natural := 1;

clockO_settings : string := "UNUSED";
clockl_settings : string := "UNUSED";
outclock_phase_shift : natural := 0 );

port (inclock : in std_logic;
inclocken : in std_logic;
fbin : in std_logic :='0";
clockO : out std_logic;
clockl: out std_logic;
locked: out std_logic);
end component;

signal clockl_sig: std_logic;
begin
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U0: altclklock
generic map

(
inclock _period => 40000,
clockl boost =>4,
clockl divide => 1,
clockO_boost => 2,
clockO_divide => 1,
operation_mode => "NORMAL",
valid_lock cycles => 5,
invalid_lock_cycles => 5,
valid_lock_multiplier => 5,
invalid_lock_multiplier => 5,
outclock phase_shift => 10000

port map
(inclock => inclock,
inclocken => inclocken,
clock0 => clockO,
clockl => clockl_sig,
locked => locked);

process(clockl_sig)
begin
if clockl_sig'event and clockl_sig = '1' then
r_out <=data_in1;
endi f;

end process;
end apex;
Sample Testbenc h for the VHDL Design

The following shavs a sample testbench for DL design.

library ieee;
use ieee.std_logic_1164.all;

entity plitest2 is
end plitest2;

architecture behave?2 of plitest2 is

signal inclock : std_logic :='0";

signal inclocken : std_logic;

signal data_in1 : std_logic_vector(7 downto 0) :="10101010";
signal clockO : std_logic;

signal locked : std_logic;

signal r_out : std_logic_vector(7 downto 0);
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component pll_design

port (
inclock : in std_logic;
inclocken : in std_logic;
data_inl : std_logic_vector(7 downto 0);
clockO : out std_logic;
r_out : out std_logic_vector(7 downto 0);
locked : out std_logic) ;

end component;

begin

inclocken <= '1' after 5 ns;

U0 : pll_design port map (
inclock => inclock,
inclocken => inclocken,
data_inl => data_in1,
clock0 => clockO,
r_out =>r_out,
locked => locked);

process(inclock)
begin
foriin 1 to 100 loop
inclock <= not inclock after 20 ns;
end loop;
end process;

end behave2;

configuration pllconfig of plltest2 is
for behave2
for UO: pll_design use entity work.pll_design(apex);
end for;
end for;
end pllconfig;

Example Verilog Instantiation of the altc  Ikloc k Model in a Design

The following shavs an @ampleVerilog instantiation of thalkclklock model in a design.

module plisource (inclock, inclocken, data_in1, clockO, r_out, locked);
input inclock, inclocken;
input [7:0] data_in1;
output clockO, locked;
output [7:0] r_out;

wire clockl_sig;
reg [7:0] r_out;

altclklock PLL_1

(.inclock(inclock), .inclocken(inclocken), .clockO(clockO),
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.clockl(clockl sig), .locked(locked));

defparam
PLL_1.inclock_period = 50000,
PLL_1.inclock_settings = "UNUSED",
PLL_1.clockO_settings = "UNUSED",
PLL_1.clockl_settings = "UNUSED",
PLL_1.valid_lock_cycles =5,
PLL_1.invalid_lock_cycles = 5,
PLL_1.valid_lock_multiplier = 5,
PLL_1.invalid_lock_multiplier = 5,
PLL_1.clockO_boost = 4,
PLL 1.clockl boost =2,
PLL_1.clockO_divide = 1,
PLL 1.clockl divide =1,
PLL_1.outclock_phase_shift = 0,
PLL_1.operation_mode = "NORMAL";

always @(posedge clockl_sig)
begin

r_out =data_inl,;
end

Sample Testbenc h for Verilog Design

The following shavs a sample testbench féerilog design.

timescale 1 ns/100ps

module plitest;

parameter tmp = 8'b 10101010;
reg inclock, inclocken;

reg [7:0] data_in1;

wire clockO, locked,;

wire [7:0] r_out;

pllsource Ul

(.inclock(inclock), .inclocken(inclocken), .data_inl(data_in1),
.clockO(clock0), .r_out(r_out), .locked(locked));

initial
data_inl = tmp;

initial
inclock = 0;
always #25 inclock = ~inclock;

initial
begin
#0 inclocken = 0;
#5 inclocken = 1;
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end
initial
begin
#100 data_in1 = 8'b 11110000;
#200 data_in1 = 8'b 00110011;
end
endmodule

Sample Waveform

Figurel5 shavs an @ample vaveform for dual clock outputs of tiPEX 20KE PLL. In this gample,clockO is a
2x clock anctlockl is a 4x clock; both are shifted/lag by 9@cees. Br simulation,

|altclklock| <instance3pll  is theclockO output of the PLL|altclklock| <instance3pll~CLK1 is
theclockl output of the PLL, anfhltclklock| <instance3pll~LOCKED is the locled output indication. In
timing simulation, output clocks t1a a slight ngative shift because tlgaare at the output of the PLL and not gi-fl
flop clock portsA positive delay is added as theeach clock ports of RAMSs oriftflops.

Figure 15. Timing Simulation Output Waveform for Dual-Output Clocks with 90° Shift
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Summary

The adanced feature set BPEX 20K andAPEX 20KE PLLs, such as ClockLock, ClockBoost and ClockShift, can
be controlled with thaltclklock megafunction in the Quartus sofare.The ClockLock, ClockBoost, and
ClockShift features wrk in conjunction wittAPEX devices’ high-speed clocks and piide signifcant

improvements in system performance and bandwidth.
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