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Acronyms in This Document

Alist of acronyms used in this document.

Acronym Definition

BL Bottom Left

BR Bottom Right

DCCA Dynamic Clock Select
DCSC Dynamic Clock Control
DDR Double Data Rate
FPGA Field Programmable Gate Array
PLL Phaselocked Loop
SED Soft Error Detect

TL Top Left

TR Top Right
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1. Introduction

This usage guide describes the clock resources available in th&BaiPECP5G™device architecture.

Details are provided for primary clocks, edge clocks, PLLs, the internal osalft@locking elements suck@ock
dividers, clock multiplexers, and clock stop blocks available in the ECP5 arB&EG&bce.

The number of PLLs, Edge clocks, and Clock dividers for each deviceiis Tiateel.1.

Table 1.1. Number of PLLs, Edge Clocks, and Clock Dividers”

Parameter Description LFE5-85 | LFE5-45 | LFE5-25
Number of PLLs General purpose PLLs. 4 4 2
Number of Edge Clocks Edge Clocks for high speed applications. 8 8 8
Number d Clock Dividers Edge Clock Dividers for DDR applications. 4 4 4
Number of PCS Clock Dividers| Clock dividers for domain crossing applications. 2 2 1
Number of DDRDLLs DDRDLL used to DDR memory High Speed |0 interface 4 4 2

*Note: LFE5U devices dmt have PCS Clock Dividers.

It is very important to note that the user needs to validate their pinout so that correct pin placement is used. The
Lattice Diamon@ tools should be used to validate the pinout while designing the printed circuit board.

2. Clock/Control Distribution Network

ECP5 and ECBS devices provide global clock distribution in the form of 16 global primary clocks. These Primary
clocks can be divided into 16 clocks per each of the four quadrants; however there is a maximum of 6@lackque
input sources. The ECP5 and E6&B%rimary clocking structure is enhanced as it features more &dgle resources,
more lowskew Primary clock resources and removes the Secondary clock resources.
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3. ECP5 and ECP5-5G Top-Level View

A top level view of thenajor clocking resources for the ECP5 and EB@P8evices is shown irigure3. 1.

[Po]mo]ro]ro]
Bank 0 i Bank 1
MUX
y g
s off
é S Quadrant TL i 12 Primary Sources Quadrant TR X0l
s Primary 6 Primary o
- Qocks 16 Qocks -
= o
Bl M1 4T 14 Primary Sources 14 Primary Sources —{ax [
- (:1; h’f_l'fx, & Yy » cnernx o 14D0C 4 g g}; 2
g 16 TAT 16 , 3
Primary Primary
© o Qocks 16 Primary Sources Qocks §§J
gé Quadrant BL Quadrant BR §::
o 3
ief ’
Bank 8 Bank 4
SRDESDCAJO SROESDQUL |

Note: LFEAU devices do not have PCSQAock Dividers

Figure 3.1. ECP5 and ECP5-5G Clocking Structure (LFE5-85)

4. Clocking Architecture Overview

Below is a brief overview of the clocking structure, elements, and PLL. Greater detail is provided starting with the
Appendix APrimary Clock Sources and Distribatsection.

4.1. Primary Clock Network

Up to 60 Primary Clock Sources (PLLs, External Inputs, SERDES, etc.) can be selected and routed toGhacRrimary
Network. This gives the user an available 60 unique clock domains in the ECP5 aBGECP5

The Primay Clock Network provides leskew, high fanout clock distribution to all synchronous elements if-tP@A
fabric. The Primary Clock Network is divided into four clocking quadrants: Top Left (TL), Bottom edp(Rlght
(TR), and Bottom Right (BR). [Eat these quadrants has 16 clocks that can be distributed to the fabtfie quadrant.
Initially, the Lattice Diamond software automatically routes each clock to all four quadrants; upaxi@um of 16
clocks since each clock is routed to all fourdpaats. The user can change how the clocksaméed by specifying a
preference in the Lattice Diamond software to locate the clock to specific quadrants.

4.2. Edge Clock Network

Edge clocks are low skew, high speed clock resources used to clock data infdfmut/O logic of the ECP5 and
ECP5%G. There are two edge clocks per bank located on the left and right sides.
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5. Overview of Other Clocking Elements

5.1. Edge Clock Dividers (CLKDIVF)

Clock dividers are provided to create the divided down clocks used withi@hdux/DeMux gearing logic (SAhKuts
to the DDR) and drives to the Primary Clock routing to the fabric. There are four clock dividers on taadEEEB5
5G device.

5.2. PCS Clock Dividers (PCSCLKDIV)

A new clock divider is provided to create phasatcheddivideddown clocks for busvidening/narrowing circuitsA

port is provided to dynamically change the divide value of the input clock. The PCSCLKDIV will mainly Istowsed to
the clock rate from high speed SERDES applications by providing the clatk®d&im crossing circuit¥here is one
PCSCLKDIV per SERDES on an LFE5UM device.

5.3. Dynamic Clock Select (DCSC)

The ECP5 and ECBG dynamic clock select provides #ime selectable glitchless or naglitchless operatiofetween
two independent clock sourseto the primary clock network. This clock select allows the selection ofsdockes
without leaving the dedicated clock resources in the device. There are two dynamic clock select btbekE ©R5 and
ECP5G device.

5.4. Edge Clock Bridge with Clock Select (ECLKBRIDGECS)

The ECLKBRIDGECS allowgglitmhless ECLK selection between two ECLKs. The ECLKBRIDGECSisel latidge
ECLK from one side to the other. There are two of these elements and they are used for EGirtkigingland ECLK
selection

5.5. Edge Clock Stop (ECLKSYNCB)

Each ECLK has a block to allow dynamic stopping of the edge clock. This allows the user to start andatép the
synchronous to an event or external signal. These are important for applications requiring exact clock timing
relationships on the inputs, such as DDR memories and video applications.

5.6. Oscillator (OSCG)

An internal programmable rate oscillator is provided. The oscillator can be used for master configurationvhedes
the FPGA sources the configuration clock, Eafbr Detect (SED), and as a user logic clock source thatiiable after
FPGA configuration. There is one OSCG on the ECP5 arbiE@®4bce. The oscillator clooutput is routed directly
to primary clocking.

The oscillator output is not a higgrccuicy clock, having a +15% variation in its output frequency. It is mainked

for circuits that do not require a high degree of clock accuracy. Examples of usage would be asyndbgimbiccks
such as a timer or reset generator, or other logic tregjuire a constantly running clock.
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6. sysCLOCK PLL Overview

The sysCLOCK PLLs can be used in a variety of clock management applications such as clock injecticlockmoval,
phase adjustment, clock timing adjustment, and frequency synthesis (multiplicidwivision of a clockhe ECP5
and ECP5G Clarity Designer PLL GUI shows important timing parameters such as the VCO ttaePdhdoop
bandwidth.

PLL Input sources are:

1 Dedicated PLL Input Pins
1 Primary Clock Routing
1 Edge Clock Routing
1 FPGA Fabric
PHASESHL [1:0] > -
PHASEDIR > D{"m?;'c
PHASESTEP > °
PHASH OADREG [ | A
PLLREFCS
aKopP
B By— Refdk o V& Divider > — aKop
ax D—CLK PLLCSOUT " (1-128) A
QK2 [ CLKI. > Refclk Divider M Phase QKOS
aK1 [DEliEEy, I—VVCD Divider » > AKOS
Vieo , e (1-128) fy
Loop Filter
FBKHL aKO2
akmB [ Feedback Vo Divider » }—{>aKox
Qock Divider (1-128) A
vo | Aes
Internal Feedback Divider #:\—DO.KOS
AKOP, KOS KOS, AKOS3 (1-128) A
ENQKOP [
ENCLKOS [
ENAKOR2 [
ENALKOS3 [
RST [>— Lock LOCK
SBY [O—» Detect

Figure 6.1. ECP5 and ECP5-5G PLL Block Diagram

There are four PLLs on the bigger density devices8FBbd LFEB5 and two PLLs on the smaller densiBES25
device. There is one PLL on each corner ®fditvice on the bigger density devices and the smaller dedsitices
have one PLL only on the Lower Left and Lower Right corner. Each PLL has four outputs. AbbdispmtBldan go to
the Primary Clock network. Only the CLKOP and CLKOS outputstecahegeCLK network.
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7. PLL Features

7.1. Dedicated PLL Inputs

The PLLs have dedicated PLL input pins that are not Primary Clock input pins. Each of the Top Left and RRjtlitcorner
have two pairs of dedicated PLL input pins, one from the Left/Right side bdrtkeawther from the Topank. Either
one of these can be used as input to the PLL.

The bottom two PLLs have one pair of dedicated input pin on the Left/Right side banks.

Dedicated External PLL Input O » / \ Dedicated External PLL Input O
Dedicated Bxternal PLL Input 1 » g PLLO g Dedicated Bxternal PLL Input 1
Primary Qlock/ Edge Qlock/ Fabric Inputs » Quadrant TL Quadrant TR Primary Qock/ Edge Qock/ Fabric Inputs
Dedicated External PLL Input O Quadrant BL Quadrant BR | Dedicated External PLL Input 0
Primary Qock/ Edge Qock/ Fabric Inputs g PLLO \ / §‘ Primary Qock/ Edge Qock/ Fabric Inputs
PLL BL PLL BR

Figure 7.1. PLL Input Pins for LFESUM/LFESUM5G-85 and LFESUM/LFE5UM5G-45

Quadrant TL Quadrant TR

Dedicated External PLL Input O N Quadrant BL Quadrant BR Dedicated External PLL Input O

Primary Qlock/ Edge Qock/ Fabric Inputs g PO \ / Primary Qlock/ Edge Qock/ Fabric Inputs
PLL BL PLL BR

DD

Figure 7.2. PLL Input Structure for LFE5-25

7.2. Input PLL Clock Selection (PLLREFCS)

The PLLREFCS component is aglitailess multiplexor that allows the user to dynamically select betweenRiso
input reference clocks. The PLLREFCS has the same input clock sources as the PLL. Since theldeutipatsdre
routed to the input of the PLLREFCS components a uselycamically select between two exterralference clock
inputs for the top corners of the FPGA. This mux can also be usedatarewith the PLL inypass mode for more
clock muxing capabilities.

7.3. Clock Injection Delay Removal

The clock injection delay meoval feature of the PLL removes the delay associated with the PLL and clodihisee.
feature is typically used to reduce clock to out timing and remove the delay differences between the PLIclogiput
and the data input. This feature is performed Bigaing the input clock with a feedback clock from theck tree.
Optional delay may also be added to the feedback path to further reduce the clock injection time.
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7.4. Clock Phase Adjustment

The clock phase adjustment feature of the PLL provides the abil@igtta specific phase offset between the outpots
the PLL. New to the ECP5 and EBBSlevice, phase adjustments can be calculated in much finer incresinoesthe
frequency is used to calculate the available phase increments. This feature is diteted inthe Dynamic Phase
Adjustment section.

7.5. Frequency Synthesis
The PLL can be used to multiply up or divide down an input clock.

7.6. Additional Features

In addition to the major features, the PLL has several other options that can be used in conjwitttititre major
modes.

1 A Standby mode to reduce power.
1 Smaller phase shift increments are supported, based upon frequency.
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8. Primary Clocks

8.1. Primary Clock Sources

The primary clock network has multiple inputs, called primary clock sources, which can bedioeitlg to the
primaryclock routing to clock the FPGA fabiric.

The primary clock sources that can get to the primary clock routing are:

Dedicated Clock Input Pins

PLL Outputs

CLKDIV Outputs

Internal FPGA Fabric Entries (with minimum general routing)

SERBS/PCS/PCSDIV clocks

OSC Clock

All potential primary clock sources are multiplexed prior to going to the primary clock routing byrauxidrhereare
56 midmux connections and four FPGA fabric connections, 60 total, routed to a multiplexor in the aktiechip
called the centermux. From the centermux primary clocks are selected and distributed to the FPGA fabric. The
maximum number of unique clock sources is 16 bottom-mick sources + 12 top mithux sources + 14 left midmux

sources + 14 right mithux sources + 4 direct FPGA fabric entry points (from general routing) = 60. Theldaditg
structure is shown ifrigure3.1 and elaborated irAppendix APrimary Clock Sources and Distribatio

=A =4 =4 =4 -4 4

8.2. Primary Clock Routing

The primary clock routing network is made up of low skew clock routing resources with connectivity to every
synchronouslement of the device. Primary clock sourees selected at the midhux, then selected in the centermux

and distributed on the primary clock routing to clock the synchronous elements in the FPGA fabric.
The primary clock routing network is divided into four sections, called quadfaigisre8.1 is a simplified view of
Figure3.1.

Primary Qock Sources Into the Mid-Mux

Quadrant TL Quadrant TR

Primary Qock Routing to Fabric Resourcesin 12 Primary Qock Routing to Fabric Resourcesin
TL Quadrant of the FPGA TRQuadrant of the FPGA
Primary Qock 16 16 Primary Qock

Sources

Sources
Into the Mid-Mux Into the Mid-Mux
Fabric Fabric
. 14 Entry > ¢ Entry 14 Mid
Mlljjx \\ > Center MUX < \\ MUX
Fabric < Fabric
Entr Entry
16

Primary Qock Routing to Fabric Resourcesin Primary Qock Routing to Fabric Resourcesin
TL Quadrant of the FPGA TL Quadrant of the FPGA

Quadrant BL m Quadrant BR

Primary Qock Sources Into the Mid-Mux

Figure 8.1. Primary Clock Routing Architecture
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The centermuxan source up to 16 independent primary clocks per quadrant wd@atclock the logic located that
guadrant. The centermux can also route each clock source to all quadrants. ThenBisoftware will automatically
route a primary clock to all four quaalnts in the FPGA.

8.3. Dedicated Clock Inputs

The ECP5 and ECBG device has dedicated pins, called PCLK pins, to brexgemal clock source into tHePGA and
allow them to be used as FPGA primary clocks. These inputs routeydtcettite Primary clock reork, or to Edge

clock routing resources. A dedicated PCLK clock pin mustsabveaused to route an externelbck source to FPGA logic
and /0.

If an external input clock is being sourced to a PLL, then in most cases thelamughould use a dediad PLLnput
pin. SERDES reference clocks also have dedicated SERDES rdterepiesc The ECP5 and EGBSlevice allows a
PLL reference clock or a SERDES reference clock to comenfeotteraal Primary Clock (PChk) and route through
the Primaryclock network to drive the reference clock to the SERDES or the input of a PLL.
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9. PCS Clock Dividers (PCSCLKDIV)

The ECP5 and EGHG device has a new clock divider called the PCSCOKBINCSCLKDIV is built with BGS / IP
Core interaction in mind. lts1ain purpose is to allow our IP cores to do mtdtie clockingor cores thatcan change
data rates. The specific features are:

1 Capability to generate different divider clocks

1 Input mux to change the divider value-time-fly.

1 Nonglitchlesswhenthedivelr * s sel ect mux input is changed.

1 Data width changes in the fabric for widening / narrowing circuits. This elemest atiow clock domain crossing
in the fabric registers.

There is one PCSCLKDIV per SERDES Channel on the bottom of the device whdD&$bISER atecated. The
clock outputs of the PCSCLKDIV (CDIV1, CDIVX) are delay and phase matched to eachhatharrariime
selectable divider value. The PCSCLKDIV clock input sources are:

1 Upto four TX Channel Clocks
1 Up to four RX Channel Clack
1 Clock from Routing

Mid MUX

Qock from routing

PCOKDIV /1

4 TX Channel Aocks b
—

4 RX Channel ocks Primary Qocks

RST ————»| 11,/2,/4,/5,/8 0or /10 d
SH[2:0] ——>

Figure 9.1. PCSCLKDIV Connection Diagram

The output PCS channel clocks route directly to the input of the PCSCLKDIV without requiring the use of a primary
clock. The CDIV1 and CDIVX outputs route directly to the primary clock routing. Its function is to do bus
widening/narrowing circuits in the FPGA fabric to reduce the fabric frequency. The PCSCLKDIV is not suitable for DDR
I/O interfaces (ECLK to SCLK dorgemssing).

A

/ . Delayed output
Asserted RST T clocks start

isasynchronized toggling

De-asserted RST
isregistered

Figure 9.2. Logical Functional Timing of PCSCLKDIV Block
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An example design is shownRigure9.3. It is a flipflop based clock domain crossing circagtween the CDIV1 and
the CDIVX = 2 clock outputs of the PCSCLKDIV. In this example an IP core is using the PCSCLKDIV to change the
operating frequency and bus width for a PCS (SERDES) application.

8-hit 8-bit 16-bit
Data B |Data Data
rxdata_0 %’ > ==
rxick |«
S w =2| IP
PCS v
ax | PCIaK ] Core
TX_Full_Qk |—» DIV ol he—
txiclk
8-hit 8-bit 16-bit
Data Data 2y Data
txdata_0 F —

Figure 9.3. PCSCLKDIV Example Usage

9.1. PCSCLKDIV Component Definition
The PCSCLKDIV component can be instantiated in the source code of a design as defined in thisgae@oh.
Table9.1 and Table9.2 define the PCSCLKDIV component. Verilog and VHDL instantiations are included.

Ak

v 1
i» PCSOLKDIV
H (2:0) DIVX
— "

Figure 9.4. PCSCLKDIV Component Symbol

Table 9.1. PCSCLKDIV Component Port Definition

Port Name 1/0 Description
CLKI I Clock Input.
RST I Reset input-Active High, Asynchronously forces all outputs low.
—RST = 0 Clock output outputs are active
—RST =1 Clock outipoutputs are OFF
SEL(2:0) Signals are used for dynamically changing divide value.
—SEL = 000, Out put = 0’
—SEL =001, +1
—SEL =010, +2
—SEL =011, +4
—SEL =100, +5
—SEL =101, =8
—SEL =110, +10
—SEL = 111, Output = *0°
CDIV1 (0] Output is the same frequency as the input clock. Delay matched to CDIVX.
CDIVX (@] Divide by 1, 2, 4, 5, 8, 10 Output Port

Table 9.2. PCSCLKDIV Component Attribute Definition
Name Description Value Default
GSR Enable o Disable Global Reset Signal to Component ENABLED, DISABLEI DISABLED
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9.2. PCSCLKDIV Usage in VHDL

Component Instantiation
Library lattice;
use lattice.components.all;

Component and Attribute Declaration

component PCSCLKDIV
Generic (GSR : string);
Port (RST :inSTD_LOGIC;

CLKI :in STD_LOGIC;
SEL :in STD_LOGIC_VECTOR(2 downto 0);
CDIV1:in STD_LOGIC;
CDIVX : out STD_LOGIC);
end component;

PCSCLKDIV Instantiation
attribute GSR : string;
attribute GSR of I1 : labe | is ADI SABLEDO:;
11: PCSCLKDIV
generic map (

GSR => fiDlI SABLEDO)
port map (

RST =>RST

,CLKI => CLKI

,SEL => SEL

,CDIV1 => CDIV1

,CDIVX => CDIVX);

9.3. PCSCLKDIV Usage in Verilog

Component and Attribute Declaration

module PCSCLKDIV (RST, CLKI, SEL, CDIV1, CDIVX);
parameter GSR = ADI SABLEDO; // AENABLEDO,
input RST, CLKI;

input [2:0] SEL;

output CDIVX;

endmodule

PCSCLKDIV Instantiation

def param | 1. GSR = fiDlI SABLEDO;
PCSCLKDIV 11 (

.RST (RST)

,.CLKI (CLKI)

,.SEL (SEL)

,.CDIV1 (CDIVY)

,.CDIVX (CDIVX));

= LATTICE

AiDI SABLEDO
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10. Dynamic Clock Select (DCSC)

The ECP5 and ECBG device has two dynamic clock select (DCS) blocks that can drive to any or all the quEkeants.
inputs to the DCS block come from all the output of MIDMUXs aral touting that is located at theenter of the PLC
array core. The output of the DCS is connected to one of the inputs of Primary ClockNDgKter

Each DCS can select between two independent input clock sources. There are two modes of clock svgtitbiigss
mode of operation, or a non glitchless mode where the DCS operates as a regul&ignux10.1 and Figure10.2
show the glitchless / noglitchless modes ofperation. It should be noted that the clock source usedeaslback into
the GPLL should not be switched when using the DCS as it will lead to loss of lock for the GPLL.

As indicated there are two modes of clock switching. In-glitchless mode (inputMODSEL =" 1"’ ) likehe DCS
regular mux, allowing glitches and runt pulses on the output, depending on when the clock is switchS&.L Téred

MODESEL inputs are driven by signals from the general routing fabric and are used to support theitcloicg

feature in the DCS.

I n glitchless mode (input MODESEL="0") the DCSwhenmvoi ds
the enable signal is toggled. In order to switch between clocks glitchlessly, both input clocks must be oscillating;
ot herwise the output clock wildl be “ 0’

For glitchless operation, the “DCSMODE” attribute sets
and their functions are shown ifable10.2.

10.1. DCS Timing Diagrams

Figurel0.1 shows timing diagrams to show the operation of the DCS in Glitchless mode in conjunction with the
DCSMODA&ttribute.
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DCIMODE=*POS'
H(3:0] “0001" f “0010” Y “0001”

S ipininipigiyipipliy
ocr [T LTI LT L L]

SA[3:0] Changesto 0010~ SA[3:0] Changes to “0001”:
- Wait for QKO rising edge. - Wait for QK1 rising edge.
- Switch output at AK1 rising edge. - Switch output at QKO rising edge.

DCIVIODE="NEG’
SH[3:.0] “0001” X “0010" “0001"

e ipipiyipinlipininliy
e[| L LT LT

SH[3:0] Changesto “0010": n EEL[3:OI d"langesto “0001":
- Wait for QKO falling edge. - Wait for OLK1 falling edge.
- Switch output at AK1 falling edge. - Switch output at ALKO falling edge.
DCIVIODE =*“(AK<0-3>_LOW’ DCIVIODE =*“QK<0-3> HIGH"
A[3:0] “0001" { “0010" A[3:0] “0001" { “0010"

wo LIS LT e L LT
oeoor [ [ [ oo [L L[

- Switch low @QALKO falling edge. - Switch low @QLKO rising edge.

- The attribute name indicates which clock will toggle. Other - The attribute name indicates which clock will toggle. Other
values of SH will cause the output to remain low. values of SH will cause the output to remain high.

- SH must not change during setup prior to rising clock. - SH must not change during setup prior to rising clock.

Figure 10.1. Timing Diagrams by “DCSMODE” Attribute Setting, Glitchless Operation (VMIODESEL="0’)

H3.0] “0001" ) “0010” Y “0001"
| |

wo [ LU LT L L
S ipipinipipinipipiy
S SV S B e B B N B B e B

Figure 10.2. DCS Operation, Non-Glitchless Operation (MODESEL="1’")
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10.2. DCSC Component Definition

The DCSC compent can be instantiated in the source code of a design as defined in this section.

QKO ——
AKL———» DCOUT
H [1:0] ——»
MODEH. —¥|

Figure 10.3. DCSC Component Symbol

Table 10.1. DCSC Component Port Definition

Port Name 1/0 Description

CLKO | Clock Input port —Default.

CLK1 | Clock Input port 1

SEL[1:0] | Input Clock Select bit (S&ablel1.1 below)

MODESEL | Sel ects GobriNonGlitdhlesg s 1( )O0O'b)e havi or .
DCSOUT (0] Clock Output Port

10.3. DCSMODE Attribute

Tablel0.2 provides the behavior of the DCS output based on the setting of the DCSMODE attribute when the pin
MODESEL =" &SEL pinlichdgnarMdcCabd can toggle during operafainlel0.2 is only valid when
MODESEL="0"

Table 10.2. DCSC — DCSMODE Attribute Table when MODESEL="0’

Attribute Name Description SEL[1:0] Attribute Value
2’b01 2’b10 2’b00/2’b11

Falling Edge Triggered CIkO Clk 0 NEG

Rising Edge Triggered ClkO Clk 1 POS

Disabled Output is Low, CIkO | CIkO 0 0 CLKO_LOW

Disabled Output isligh CIkO ClkO 1 1 CLKOHIGH

. Disabled Output is Low, CIkO | O Clk 0 CLK_LOW

DCSMODE Attributes —— ——

Disabled Output is High, CIkO | 1 Clk 1 CLK_HIGH

ClkO Buffered ClkO Clko Clko CLKO

CIKL Buffered CIk Clk ClkL CLK

Tie Low 0 0 0 LOW

Tie High 1 1 1 HIGH
MODESEL = “| NonGlitchless ako Clk 0 —
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10.4. DCSC Usage in VHDL

Component Instantiation
Library lattice;
use lattice.components.all;

Component and Attribute Declaration
COMPONENT DCSC
GENERI C( DCSMODE : string := APOSO) ;
PORT (CLKO:IN STD_LOGIC;
CLK1:IN STD_LOGIC;
SEL:IN STD_LO GIC_VECTOR(1 downto 0);
MODESEL :IN STD_LOGIC;
DCSOUT :OUT STD_LOGIC);
END COMPONENT;

DCSC Instantiation
attribute DCSMODE : string;
attribute DCSMODE of DCSinstO : label is "POS";
11: DCSC
generic map(
DCSMODE => fAPOS0)
port map (
CLKO => CLKO
,CLK1 =>CLK1
,SEL => SEL
,MODESEL => MODESEL
,DCSOUT => DCSOUT);

10.5. DCSC Usage in Verilog

Component and Attribute Declaration
module DCSC(CLKO0,CLK1,CLK2,CLK3,SEL,MODESEL,DCSOUT);

input CLKGO;
input CLK1;
input [1:0] SEL;
input MOIBSEL;
output DCSOUT;
endmodule
DCSC Instantiation
def param DCSInst0O0O. DCSMODE = APOSO;
DCSC DCSiInstO (

.CLKO (CLKO)
,.CLK1 (CLK1)
,.SEL (SEL)

.MODESEL (MODESEL)
,DCSOUT  (DCSOUT));
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11. Dynamic Clock Control (DCCA)

The ECP5 and ECBG device has a Dynamic Clock Control feature which allows internal logic dynamicaighie or

disable quadrant primary clock network. The disable function will not create glitch and increase thiatelock to the

primary clock network. Also, this dynasrdlock control function can be disabled by a configurati@mory fuse to

always enable the primary clock network.

This DCC controls the clock sources from the Primary CLOCK MIDMUX before they are fed to the PrimdMyXenter

that drive the quadrant clck network. When a clock network is disabled, all the logic fed by that clockndbézgygle,

hence reducing the overall power consumption of the device.

The ECP5 and EGBG device clock architecture allows both DCC and DCS to function at the sameldtxsmoted

that the c¢clock source used as feedback i nt ootherviseitGPLL s
will lead to loss of lock for the GPLL when toggling the enable signal.

g

tsu
—p ;47
! !

I
I
-
1
QK (input) !

I
4

[ =
QK (output) w

Figure 11.1. Glitchless DCC Functional Waveform

11.1. DCCA Component Definition

The DCCA component can be instantiated in the source code of a design as defined in thisFsgotili.2 and
Table11.1 show the DCCA definitions.

Figure 11.2. DCCA Component Symbol

Table 11.1. DCCA Component Port Definition

Port Name 1/0 Description

CLKI | Clock Input port.
Clock Enable port

CE | —CE = 0 CLKO is disabled (CLKO =
—CE =1 CLKO is enabled (CLKO = CLKI)

CLKO (0] Clock Output Port
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11.2. DCCA Usage in VHDL

Component Instantiation
librar vy lattice;
use lattice.components.all;
Component and Attribute Declaration
COMPONENT DCCA
PORT (CLKI:IN STD_LOGIC;

CE :IN STD_LOGIC;

CLKO :OUT STD_LOGIC);

END COMPONENT;
DCCA Instantiation
11: DCCA
port map (
CLKI =>CLKI
,CE =>CE

,CLKO =>CLKO);
DCCA Usage in Verilog
Component and Attribute Declaration
module DCCA(CLKI,CE,CLKO);
input CLKI;
input CE;
output CLKO;
endmodule

DCCA Instantiation

DCCA DCSiInstO (
.CLKI (CLKI)

.CE  (CE)

,.CLKO (CLKO));
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12. Internal Oscillator (OSCG)

The OSCG element performs multiple functions on the ECP5 and3&CdRSvice. It is used for configurati®@ED, as
well as optionally in user mode. In user mode, the OSCG element has the following features:

1 It permits a design to be fully selfocked,aslog as t he qual ity o-¥asddoxilaos CG
adequate.

1 It has a direct connection to primary clock routing through the left-miak.
1 It can be configured for operation at a wide range of frequencies via configuration bits.

12.1. OSCG Component Definition

The OSCG component can be instantiated in the source code of a design as defined in this-sgaetelr2.1 and
Table12.1 below show the OSCG definitions

OSG

@ '

Figure 12.1. OSCG Component Symbol

Table 12.1. OSCG Component Port Definition
Port Name 1/0 Description
OosC (0] Clock Output Port

Table 12.2. OSCG Component Attribute Definition
Port Name | Description Value Default
DVI Selects DivideYalue 2 (~155.0 MHz)-128 (~2.4 MHz) 2.4 MHz

12.2. OSCG Usage in VHDL

OSCG Instantiation and Attribute Declaration in VHDL
COMPONENDSCG

T synthesis translate_off

GENERIC (DIV: integer := 128);

i synthesis translate_on

PORT (

OSC : OUT std_logic);

END COMPONENT;

attribute DIV : integer;
attribute DIV of OSCinstO : label is 128;

begin

OSClnst0: OSCG

T synthesis translate_off
GENERIC NAP (DIV => 128)
T synthesis translate_on
PORT MAP (OSC => OSC);
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12.3. OSCG Usage in Verilog

OSCG Instantiation and Attribute Declaration in Verilog
module OSCG(OSC);

parameter DIV = 128;

output OSC,;

defparam OSCInst0.DIV = 128;
OSCG OSClInst0 (OSC(OSC));

Endrodule
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13. Edge Clocks

Each ECP5 and E&% device 1/0 bank has four ECLK resources. These clocks, which have low injectiod time
skew, are used to clock I/O registers. Edge clock resources are designed for high speed I/O interfaags faitout
capalility. Refer toPinout Rules for Clocking in ECP5 and E5EGPBevicefor detailed information orthe ECLK
locations and connectivity.

The sources of edge clocks are:

Dedicated Clock (PCLK) pins

DLLDEL output

PLL outpts (CLKOBNdCLKOS)

ECLK Bridge

Internal nodes

The ECP5 and ECBG device has Edge Clock (ECLK) at the Left side and right side of the device. There@té&two
network per bank 10. ECLK Input MUX collects all clock sources available shown in figuré@ thede aréewo ECLK
Input MUXs, one on the left side and one on the right side. Each of these MUX will generate totaEg f6u€lock
sources. Two of them drive the upper 10 bank and two of them drive the lower 10 bank. Two outaééodrive the
ECLK Bridge Switch Block to form an ECLK Bridge high speed clock before drive the ECLK Tree Network.

=A =4 =4 -4 =4

Top Left/ Rght PLKPn » From EQK of
—p other bank on
Top Left/ Right DLLDH_Qutput > same side
Top Right/ Left PLL ALKOP
From
Top Right/Left PLLAKOS EQLKBRIDGE >

——» BEQKTree

- L]

A 4

Bottom Right/Left PLL OLKOP

Bottom Right/ Left PLL ALKOS

A 4

Bottom Left/ Rght PAKPin >
e To EQLK of other
Bottom Left/ Right DLLDEL Output P> - bank on same side
» To ECLKBRIDGEto go
From Routing » to other side

Figure 13.1. Edge Clock Sources Per Bank

13.1. Edge Clock Dividers (CLKDIVF)

Thereare four edge clock dividers available in the ECP5 and-&&HBvice, two per side of the device. Thack
divider provides a single divided output with available divide values of 2 or 3.5. The inputs to the clock dreideses
edge clocks, PLL outpuand Primary Clock Input pins. The outputs of the clock divider drive the preioakynetwork
and are mainly used for DDR I/O domain crossing.

13.2. CLKDIVF Component Definition

The CLKDIVF component can be instantiated in the source code of a designessiddfiis sectionFigurel3.2, Table
131, andTablel3.2 define the CLKDIVF component. Verilog and VHDL instantiations aeihcl
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e
RST
— ™ 3 AKDIVF [DVX
ALIGNWD

Figure 13.2. CLKDIVF Component Symbol

Table 13.1. CLKDIVF Component Port Definition

Port Name 1/0 Description
CLKI | Clock Input
RST | Reset input—Adive High, Asynchronously forces alloutputs low.

—RST = 0 Clock outputs are active — —

—RST =1 Clock outputs are OFF — —

ALIGNWD

| Signal is used for word alignment.

cycle relative to

When enabled it slips the output one

the input clock.

CDIVX

(@) Divide by 2 or 3.5 Output Port

Table 13.2. CLKDIVF Component Attribute Definition

Name Description Value Default
GSR Enable or Disable Global ReSggnal to Component ENABLED, DISABLED | DISABLED
DIV CLKDivider Value 2.00r35 2.0

The ALIGNWD input is intended for use with kégked data interfaces such as DDR or 7:1 LVDS Video.

13.3. CLKDIVF Usage in VHDL

Component Instantiation

Library lattice;

use lattice.components.all;

Component and

Attribute Declaration

component CLKDIVF

Generic (DIV : string;
GSR : string);

Port (RST :in STD_LOGIC;
CLKI 1in STD_LOGIC;

ALIGNWD :in STD_LOGIC;
CDIVX :out STD_LOGIC);

end component;

CLKDIVF Instantiation
att ribute DIV : string;

attribut

e DIV of 1 | abel i s

attribute GSR : string;

attribute GSR of 11 : Il abel i s
11: CLKDIVF
generic map (DIV => fi2.00
,GSR => ADI SABLEDO)
port map (RST =>RST
,CLKI => CLKI

LALIGNWD => ALIGNWD
,CDIVX => CDIVX);

o

2.00;

DI SABLEDO;
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13.4. CLKDIVF Usage in Verilog

Component and Attribute Declaration
module CLKDIVF (RST, CLKI, ALIGNWD, CDIVX);

i/2/. 0f62,. 06, N3.50
iDlI SABIEDDQ ; f/D/I STABNAD

parameter DIV
parameter GSR

input RST, CLKI, ALIGNWD;
output CDIVX;
endmodule

CLKDIVF Instantiation

defparam | 1.DIV = fA2.00;
defparam | 1. GSR = ADI SABLEDO;
CLKDIVF I1 (
RST (RST)
,.CLKI (CLKI)
.ALIGNWD  (ALIGNWD)
,.CDIVX (CDIVX));
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14. Edge Clock Bridge (ECLKBRIDGECS)

ECLK Clock Bridge provides to bridge the ECLK for banks on the same side or the ECLK of the left sigbtagidehe
The ECLK Bridge enhances the communication of high speed clocks of the two edges with reke@mtonECLK tree.
There are two ECLK bridge components in the ECP5 and38CiRsvice. There are two ECLK muxes on thaneftwo
ECLK muxes on the right and they allow a user to bridge edge clocks to the left and right sides ofvtith ohipmal
skew.

In the edge cldcbridge there is a neglitchless clock select mux that allows a design to switch between two different
clock sources for each edge clock. This clock select mux is instantiated using the ECLKBRIDGECS primitive.

Not all edge clocks can drive the ECLKBRIBGEne of the two ECLKSs on the left and right side can be britiipedh.
connected to the ECLKBRIDGECS it would use up the ECLK1 of both banks on the left side arttbECidfkein

the right side of the device.

14.1. ECLKBRIDGECS Component Definition

The ELKBRIDGECS component must be instantiated in the source code of a design in order to britigeksdge
Figureld.1 and Table14.1 define the ECLKBRIDGECS.

Note that an ELKSYNCB module has to be always used after the ECLKBRIDGECS instance to be abl&ottheonnect
ECLK tree.

—>
_GK1 | EQKBRDGECS |ESUT
s
—>

Figure 14.1. ECLKBRIDGECS Component Symbol

Table 14.1. ECLKBRIDGECS Component Port Definition

Port Name 1/0 Description
CLKO | Clock Input Port 6-Default
CLK1 | Clock Input Port 1
Select Port
SEL | —SEL =0 for CLKO
—SEL =1 for CLK1
ECSOUT (0] Clock Output Port

wine: fatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

14.2. ECLKBRIDGECS Usage in VHDL

Component Instantiation
Library lattice;
use lattice.components.all;

Component and Attribute Declaration

COMPONENT ECLKBRIDGECS

PORT (CLKO :IN STD_LOGIC,;
CLK1 IN STD_LOGIC;
SEL (IN STD_LOGIC;
ECSOUT :OUT STD_LOGIC);

END COMPONENT;

ECLKBRIDGECS Instantiation
11: ECLKBRIDGECS

port map (
CLKO => CLKO
,CLK1 => CLK1
,SEL =>SEL

,ECSOUT =>ECSOUT);

14.3. ECLKBRIDGECS Usage in Verilog

Component and Attribute Declaration
module ECLKBRIDGECS (CLKO,CLK1,SEL,ECSOUT);

input CLKO;
input CLK1;
input SEL,;
output ECSOUT;
endmodule

DCSC Instantiation

ECLKBRIDGECS ECSiInstO (
.CLKO (CLKO)

,.CLK1 (CLKY1)

..SEL (SEL)

.ECSOUT (ECSOUT));
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15. Edge Clock Synchronization (ECLKSYNCB)

ECP5 and ECBE& devices have dynamic edge clock synuizetion control (ECLKSYNCB) which allowsesigd clock
to be disabled or enabled glitchlessly from core logic if desired. This allows the designer to syntheoadge clock
to an event or external signal if desired. It also allows the design tongigadly disable a clock aritd associated logic
in the design when is it not needed and thus save power. Applications such as DDRanBBRI_VDS for displays
will use this component for clock synchronization.

15.1. ECLKSYNCB Component Definition

The ECLKEYB component can be instantiated in the source code of a design as defined in this section. Akeerting
STOP control signal has the ability to stop the edge clock in order to synchronize the signals deritcl fikoamd
used in high speed DDR mode aggiions as DDR memory, generic DDR and 7:1 LVDS.

Control signal STOP is synchronized with ECLK when asserted. When control signal STOP is assertexljtthe clock
will be forced to low after the fourth falling edge of the input ECLKI. When the ST@Pisigiheased, thelock output
starts to toggle at the fourth (4th) rising edge of the input ECLKI clock.

Figurel5.1 and Tablel5.1 show the ECLKSYNCB component definiti

EQKI
— EQLKO
EALKSYNCB
STOP
R

Figure 15.1. ECLKSYNCB Component Symbol

Table 15.1. ECLKSYNCB Component Port Definition

Port Name 1/0 Description
ECLKI | Clock Input port.
Contrd signal to stop Edge Clock
STOP | — STOP= 0Clock is Active
— STOP= 1Clock is Off
ECLKO (0] Clock Output Port

Figure 15.2. ECLKSYNC Functional Waveform
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15.2. ECLKSYNCB Usage in VHDL

Component Instantiation
Library lattice;
use lattice.components.all;

Component and Attribute Declaration
COMPONENT ECLKSYNCB
PORT (ECLKI:IN STD_LOGIC;
STOP :IN STD_LOGIC;
ECLKO :OUT STD_LOGIC);
END COMPONENT;

ECLKSYNCB Instantiation
11: ECLKSYNCB
port  map (
ECLKI =>ECLKI

,STOP  =>STOP

,ECLKO =>ECLKO);
ECLKSYNCB Usage in Verilog
Component and Attribute Declaration
module ECLKSYNCB (ECLKI,STOP,ECLKO);
input ECLKI;

input STOP;
output ECLKO;
endmodule

ECLKSYNCB Instantiation

ECLKSYNCB ECKSYNCInstO (
ECLKI  (ECLKI)

.STOP  (STOP)

.ECLKO  (ECLKO));
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16. General Routing for Clocks

The ECP5 and ECBG device architecture supports the ability to use data routing, or general routing, for aThiek.
capability is intended to be used for smaleas of the design to allow additional flexibility in linking dedicaiedking
resources and building very small clock trees. General routing cannot be used for edge clocks for applieatises
the DDR registers in the I/O components of the FPGA.

Software will limit the distance of a general routing based (gated) clock to one PLC in distance to a primantrglock
point. If the software cannot place the clock gating logic close enough to a primary clock entry point greor aill
occur:

ERRORpar: Unable to reach a primary clock entry point for general route clock <net> in the minimum required
distance of one PLC.

There are multiple entry points to the Primary clock routing throughout the ECP5 anebBCQRice fabric. Ithis
case it is reommended to add a preference for this gated clock to use primary routing.

Logic

For a very small clock domain, the user can limit the distance of a genatimlgbased (gated) clock to one PinC

General Qock
Qock \_Routing  ™ag Primary Routing
Source Entry

dock Tree
Figure 16.1. Gated Clock to the Primary Clock Routing

distance to the logic it clocks. The user must group this logic (UGROUR)wiBhB OX = *“ 1, H&lg> ( see
Constraints Reference Guide > Preferences > UGROUP) as welia speca “ PROHI B gene@ted MARY”

clock. If the software cannot place the logic tree within the BBOX, then an error message will occur.

General General 1PLC
Qock \_ Routing General Routing Logic
Source Routing

Figure 16.2. Gated Clock to Small Logic Domain
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17. General Routing PCLK Pins

Some Dedicated pins (GRCLK) can access some CIBs along the edge of the device and can drive thelpdknary
routing from this CIB. These will go through some general routing but have direct access to the primdrgrolois
dedicated CIB. There are four at the left sétel right side, four at the top side of the device. These pamsbe used
when user runs out of PCLK pins. Note that for any DDR interface, it is still required to use dethicktpths and

clock trees.
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18. sysCLOCK PLL

The ECP5 and ECBG PLL providesdaures such as clock injection delaymaval, frequency synthesis, aptiase
adjustment.Figurel8.1 shows a block diagram of the ECP5 and ESGPBLL.

PHASESHL [1:0] » Dynamic
PHASEDIR > s
PHASESTEP > ;
PHASELOADREG [ y Adut
H O VOO CQLKOP
m Refck Divider > —>aKoP
»
ax D—::imcsom 4‘—’1—}_, (1-128) A
T »
QK2 Refclk Divider M Phase
Ak QKOS
aKk1 Detector , \ies) Divider > - axos
Vo), &k (1-128) 4
Loop Filter
FBKSEL KO
\Yeo} =
QKRB [ Feedback Divider » —1T>aKox
Qock Divider (1-128) 4
vo || @S ‘
Internal Feedback Divider ,:‘—DQ_KOS;
QKOP, AKOS AKOR, AKOS3 (1-128) A
ENCLKOP [>
ENQKOS [
ENOKOR [
ENOKOS3 [
RST [o— o o
SDBY [o—» Detect

Figure 18.1. ECP5 and ECP5-5G PLL Block Diagram

ax . QKOP .
QKB q QaKOS ¢
PHASEH [10] akos2 |
PHASDIR ¢ akess
PHASSTEP || LOK >
PHASHLOADREG | INTLOK
STDBY q REFAK
PLLWAKESINC _ ~ EOELL GKINTEB
N »
ENQLKOP q
ENOKOS q
ENOKOS2
ENOKOS3

Figure 18.2. PLL Component Instance
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Table 18.1. PLL Component Port Definition

Signal 1/0 Description

CLKI I Input Clock tdPLL.

CLKFB I Feedback Clock

CLKINTFB O Internal Feedback Clock

PHASESEL[1:0] I Select the output affected by Dynamic Phase adjustment.
PHASEDIR I Dynamic Phase adjustment direction.

PHASESTEP I Dynamic Phase adjustment step

PHASELOADREG I Load dypamic phase adjustment values into PLL.

STDBY I Standby signal to power down the PLL.

RST I Resets the whole PLL.

ENCLKOP I Enable PLL output CLKOP

ENCLKOS I Enable PLL output CLKOS

ENCLKOS2 I Enable PLL output CLKOS2

ENCLKGS I Enable PLL outp@LKOS3

PLLWAKESYNC I Enable PLL switching from internal feedback to user feedbackwdeth PLL wake up
CLKOP (0] PLL main output clock.

CLKOS (0] PLL output clock.

CLKOS2 (0] PLL output clock.

CLKO3 (0] PLL output clock.

LOCK (0] PLLLOCK to CLKI, Asynchoais signal. Active high indicates Ridk.
INTLOCK (0] Internal Lock Signal

REFCLK (0] Output of Reference clock mux

18.1. Functional Description

18.1.1. Refclk (CLKI) Divider

The CLKI divider is used to control the input clock frequency into the PLL block. dlrgpuélirequency range is
specified in the device data sheet.

18.1.2. Feedback Loop (CLKFB) Divider

The CLKFB divider is used to divide the feedback signal, effectively multiplying the output clock. The VCO block
increases the output frequency until the dividesetiback frequency equals the input frequency. The output of the
feedback divider must be within the phase detector frequency range specified in the device data sheet. Thanport is
user interface wadbaskclock, wtherwise thi$ poreviill’be o pt i on

avail abl

e

to

connected by the tool to appropriate signal as selected by the user in the software.

18.1.3. Output Clock Dividers (CLKOP, CLKOS, CLKOS2, CLKOS3)

The output clock dividers allow the VCO frequency to be scaled up to thenomaxange to minimize jitter. Eaaf
the output dividers is independent of the other dividers and each uses the VCO as the source by defaulttHeach of

output dividers can be set to a value of 1 to 128.

18.1.4. Phase Adjustment (Static Mode)

The CLKOP, CLKOBKOS2, and CLKOS3 outputs can be phase adjusted relative to the enabled unshiftediootput
New to the ECP5 and ECHG device, phase adjustments are now calculated values in the softa@ssbased on VCO
clock frequency. This provides a finer phaké#t depending on the required frequency. T¢leck output selected as
the feedback cannot use the static phase adjustment feature since it will cause theurilacta For example if the
FB_MODE is INT_OP or CLKOP, then there should be no phase Ghit@P. Simileestriction would apply on other

clocks.
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18.1.5. Phase Adjustment (Dynamic Mode)

The phase adjustments can also be controlled in a dynamic mode using the PHASESEL, PHASEDIR @PHASESTEP,
PHASELOADREG ports. The clock output selected as thadkestibuld not use the dynanpbase adjustment

feature. Please see the Dynamic Phase Adjustment section in this document for usageTdetaileck output

selected as the feedback cannot use the dynamic phase adjustment feature since it will caillsi theinlock. For
example if the FB_MODE is INT_OP or CLKOP, then there should be no phase shift on CLKOP.

Similar restriction would apply on other clocks.

18.2. PLL Features

18.2.1. Dedicated PLL Inputs

Every PLL has a dedicated low skew input that will route directtg reference clockiput. These are the
recommendednputs for a PLL. It is possible to route a PLL input from the Primary cldgeigrdout it incurs more
clockinput injection delay, which is not natively compensated for using feedback alusdiated PLL input. There is
one PLLs in each corner of the FPGA on bigger densities. Each of the Plibpitethand right corners havivo pairs
dedicated PLL inputs that user can choose from. Both of these inputsugmnto the PLL in the top sid®mer. The
PLLs on the bottom corners each have one pair of dedicated PLL input pin.

18.2.2. PLL Input Clock Mux (PLLREFCS)

Each ECP5 and EE®% PLL contains an input mux to dynamically switch éetwwo input reference clock$he
output of the PLLREFCS is rout@éctly into the PLL. There is one PLLREFCS compoeaghitop leftand right
corner of the FPGA. In order to enhance the clock muxing capatfititg ECP5 and ECB6G devicethe dedicated
clock inputs for the PLLs in each corner are routed td?heRECS component in a corner alamigh the other
potential PLL sources such as edge clocks and primary clocks. This structure is-gperliB.3.

PLLREFCS
41
Dedicated ak o
External T —
PLL Input O Primary Qock Inputs
Y : PLcoUT | PLO
Edge dock Inputs >

Dedicated Fabric Inputs a1 -
External J
PLL Input 1

Figure 18.3. PLL Dedicated Inputs to the PLLREFCS Component for Top Left and Right PLL

This adds a lot of flexibility for designs that need to switch between two external clocks.

18.2.3. Standby Mode

The ECP5 and ECBG device PLL contains a Standby Mode that allows thsBielplaced into a standbstate to
save power when not needed in the design. Standby mode is very similar to holding the PLL in retet S will
be turned off and will need to regain lock when exiting standby. In both cases, reset and staodinythe PLL will
retain its programming.

Users MUST hold the PLL in standby for a minimum of 1 ms in order to be sure the PLL analog circuiteaes fully
and to have a stable analog startup.
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18.3. PLL Inputs and Outputs

18.3.1. CLKI Input

The CLKI signal is the neface clock for the PLL. It must conform to the specifications in the data sheet infordee
PLL to operate correctly. The CLKI signal can come from a dedicated PLL input pin or from internal'lneuting.
dedicated duapurpose 1/O pin provides a logkew input path and is the recommended source for the Phé.
reference clock can be divided by the input (M) divider to create one input to the phase detector of the PLL.

18.3.2. CLKFB Input

The CLKFB signal is the feedback signal to the PLL. The feedbadk giguhby the Phase Frequency Deteatside

the PLL to determine if the output clock needs adjustment to maintain the correct frequency and pha&at.KIF#
signal can come from a primary clock net (feedback mode = CLKO[P/S/S2/S3]) to remove theclmakaouting
injection delay, from a dedicated external dymlrpose 1/O pin (feedback mode = UserCloclkgdecount for board level
clock alignment, or an internal PLL connection (feedback mode = INT_O[P/S/S2/Si&jpferfeedback. The feedback
clocksignal will be divided by the feedback (N) divider to create an input t&/@®@ of the PLL. A bypassed PLL output
cannot be used as the feedback signal.

18.3.3. RST Input

At powerup an internal powewup reset signal from the configuration block resets the RLEuntime an activéigh,
asynchronous, usesontrolled PLL reset signal can be provided as a part of the PLL module. The R&ansinal

driven by an internally generated reset function or by an I/O pin. This RST signal resets the PLL cpha$€CO,
detector, and charge pump) and the output dmoedetieer s whi
output will not be reset.

After the RST signal is-dsserted the PLL will start the letkprocess and will take tLOCK time, about 16tms,
complete PLL lock. Figure below shows the timing diagram of the RST input. The RST signal is activ8iglsigrie
is optional. Trst = 1 ms reset pulse width, Trstrec = 1 ns time after a reset before the dividerstatfsutounting
again.

Trst Trstrec —

wores [ [ LI plin

Figure 18.4. RST Input Timing Diagram
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Each PLL output has a user input signal to dynamically enable / disable its output clock glitchlessly. When the clock

hel d to

enabl e signal thesebrtespogdcngObutput clock is
Table 18.2. PLL Clock Output Enable Signal List
Clock Enable Signal Name Corresponding PLL Output Clarity Designer Option Name
ENCLKOP CLKOP “Clock Enakl OP”
ENCLKOS CLKOS “Clock Enable ®
ENCLKOS2 CLKOS2 “Clock Enable &2
ENCLKGS CLKOS3 “Clock Enable €8

This allows the user to save power by stopping the corresponding output clock when not in use. The clock enable
signals are optional and wilhty be available if the user has selected the corresjpumdption in Clarity Designédf.a
clock enable signal is not requested, its corresponding output will be active at all times when the PLL is instantiated
unless the PLL is placed into standby mdde user cannot accesglack enable signal in Clariesigner when using

it for external feedback in order to avoid shutting off the feedback clock input.

18.3.5. STDBY Input

The STDBY signal is used to put the PLL into a low power standby mode whetirggsiired. The STDBY sigisal
optional and will only be available if the user has selected the Standby port apt@iarity Designer. TH&TDBY signal

is active high.

Wh e n

18.3.6. Dynamic Phase Shift Inputs

The ECP5 and ECBG PLL has five ports to allow for dynamic phase adjustinem FPGA logich€& Dynamid®hase
Adjustment section will elaborate on how the user should drive these ports.

18.3.7. PHASESEL Input

a s s er nhdethk PLLwid bePeset. Usarsed p stay s tha r e
STDBY mode for at least 1 ms to make sure the PLL analats @reuully reset and to haee stable analog startup.

pull ed

The PHASESEL[1:0] inputs are used to specify which PLL output partafféidied by the dynamic phaseljustment
ports. The settings availableeashown in the Dynamic Phasdjéstment section. The PHASESIgGhal must be stable
for 5 ns before the PHASESTEP or PHASELOA@RIEG e pulsed. The PHASESdfial is optional and will be

available if the us®halsas pioerkCGadtyDesthnet. he “ Dynami c
Table 18.3. PHASESEL signal settings definition

PHASESEL[1:0] PLL Output Shifted

00 CLKOS

01 CLKOB

10 CLKO®

11 CLKOP

18.3.8. PHASEDIR Input

The PHASEDIR input is used to specifyhadirection the dynamic phase shift will occur, advanced (leadindglayed
(lagging). When PHASEDIR = 0 then the phase shift will be delayed. When PHASEDIR = 1 thestffe yitidse

advanced. The PHASEDIR signal must be stable for 5 ns bef@tdABESTEP or PHASELOASMREAR are pulsed.

The PHASEDIR signal is optional and will be available if the user has seleExgulitméc Phase ports option in Clarity

Designer.

Table 18.4. PHASEDIR signal settings definition

PHASEDIR Direction
0 Delayed (lagging)
1 Advanced (leading)
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18.3.9. PHASESTEP Input

The PHASESTEP signal is used to initiate a VCO dynamic phase shift for the clock output port and in the direction
specified by the PHASESEL and PHASEDIR Tipsifghase adjustment is done by changing the phase of @@ in

450 increments. The VCO phase changes on the negative edge of the PHASESTEP input afteryfdes Vs is an
active low signal and the minimum pulse width (both high and low) of EBAEP pulse is faycles of VCO running
period. The PHASESTEP signal is optional and will be available if the user has selBsteaintie Phase ports option

in Clarity Designer. The PHASESEL and PHASEDIR are required to havine séthms prioto PHASESTEP falling
edge.

18.3.10. PHASELOADREG Input

The PHASELOADREG signal is used to initiate-diyidst dynamic phase shift, relative to the unshifted outdat,

the clock output port and in the direction specified by the PHASESEL and PHASEDIRpghpstsshift istarted on

the falling edge of the PHASELOADREG signal and there is a minimum pulse width of 10 ns fromt@ssertion
deassertion. The PHASESEL and PHASEDIR are required to have a setup time of 5 ns prior to PHABHEh@ADREG
edge.The PHAR OADREG signal is optional and will be available if the user has sele@ydah@dc Phase ports

option in Clarity Designer.

18.3.11. PLL Clock Outputs

The PLL has four outputs, listedTiable18.5. All four outputs came routed to the Primary clock routing of i GA.
All four outputs can be phase shifted statically or dynamically if external feedback on the clock is ndtheasecan
also statically or dynamically adjust their output duty cycle. The outputs can fromeheir outputdivider or the
reference clock input (PLL bypass). In bypass mode the output divider can be bypassed odiwee toe reference
clock.

Table 18.5. PLL Clock Outputs and ECLK Connectivity

Clock Output Name Edge Clock Connectivity Selectable Output

CLKOP Right, Left ECLKs Always Enabled

CLKOS Right, Left ECLKs Selectable via Clarity Designer
CLKOS2 No ECLK Connection Selectable via Clarity Designer
CLKO3 No ECLK Connection Selectable ia Clarity Designer

18.3.12. LOCK Output

The LOCK output provides information about the status of the PLL. After the device is powered up and ttledkpsit
valid, the PLL will achieve lock within 16 ms. Once lock is achieved, the PLL LOCK signal wigicdo& lasdeDCK signal
can be set in Clarity Designer in either “PronidePldédclaul t *

Signal” or sticky | ock mode by sel ectlOGKgignaliahdseridgolpicc k i s
1) it owi | stay asserted until "anBtLckgsSefrieguaansgr i
operation the input clock or feedback signals to the PLL become invalid thélHbke lock and the LOCK output will
deassert (logic “0"). I t i s-synchronicemmieLh o ehe reférence@lsck whentthe PLLL R S

loses lock. The LOCK signal is available to the FPGA routing to imptieengemeration of the RST signal if requested
by the designer. TheOCK signal is optional and will be availétilee user has selected the Provide PLL Lock signal
option in Clarity Designer.
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18.4. Dynamic Phase Adjustment

Dynamic phase adjustment of the PLL output clocks can be affected without reconfiguring the FP@4 tine usi

dedicated dynamic phasghift ports of the PLL.

All four output clocks, CLKOP, CLKOS, CLKOS2 & CLKOS3 have the dynamic phase adjustment featune but only
output clock can be adjusted at a time. Table above shows the output clock selectionssattai@able for the
PHASESEL[1:0] signal. The PHASESEL signal must be stable for 5 ns before the PHASESTEP or P$iigt&it &ADREG
pulsed.

The selected output clock phase will either be advanced or delayed depending upon the value of the PE&S&DIR
signal.Table18.4 shows the PHASEDIR settings available. The PHASEDIR signal must be statibeforestins
PHASESTEP or PHASELOADREG signals are pulsed.

18.4.1. VCO Phase Shift

Once the PHASESEL and PHASEDIRd®mvset, a VCO phase adjustment is made by toggling the PHASKERAEP
from the current setting. Each pulse of the PHASESTEP signal will generate a phase stepth&sseduation:
(CLKO<n>_FPHASE/(8*CLKO<n>_DIV)[*360

Where <n> is the clock output sgiied by PHASESEL (CLKOP/OSB332/ Values for CLKO<n>_FPHASE
CLKO<n>_DIV are located in the HDL source file.

The PHASESTEP signal is latched in on the falling edge and is subject to a minimum wait of four VCO tycles prior
pulsing the signal agai One step size is the smallest phase shift that can be generated by the PLL in onEhgulse.
dynamic phase adjustment results in a glitch free adjustment when delayingutipait clock, but glitches maesult

when advancing the output clock.

PHASDR ——
PHASESHL [1:0] Y 01" 1
—b‘Mimmum 5ns Setup Time ‘ |
PHASESTEP

| Hold Minimum 4 VOO Hold Minimum 4 VOO
I« Gydes bis Gydes »

AKOP
Lﬁ Shifted Phase

\
akos |
I

Figure 18.5. PLL Phase Shifting Using the PHASESTEP Signal

For Example:

PHASESEL[ 1: 0] =2"b00 to select CLKOS for phase shift
PHASEDIR =1"b0 for selecting delayed (lagging) phase
Assume the output is divided by 2, CIKOIV = 2

The CLKOS_FPHASE is setto 1

The above signals need to be stable for 5 ns before the falling edge of PHASESTEP and the minimum pflse width
PHASESTEP should be four VCO clock cycles. It should also stay low for four VCO Clock Cycles.

For eachaggling of PHASESTEP, you will get [1/(8*2)]*360 = 22.5 degree phase shift (delayed).

18.4.2. Divider Phase Shift

Once the PHASESEL and PHASEDIR have been satiggersphase adjustment is made by toggling the
PHASELOADREG signal. Each pulse of the PHASEGGHDER will generate a phase shift. The stepreiagve to the
unshifted output is specified by this equation:

[(CLKO<n> CPHASE i CLKO<n> DIV)/( CLKO<n> DIV + 1)] * 3600

Where <n> is the clock output specified by PHASESEL (CLKOP/OS/OS2/0S3). €aK©@s > CPH/ASIE
CLKO<n>_DIV are | ocated in the HDL source filmade. Pl ease n
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PHASDIR [ Minimum 5ns }
. Setup Time o

>< “01”

T

\
[*— Minimum Pulse 4’{
PHASH OADREG Width of 10 ns ‘

QKOP
4>‘ ‘4* Shifted Phase
QKOs |

Figure 18.6. Divider Phase Shift Timing Diagram

PHASESH [1:0]

Minimum Time Before
I — Shifting Again *

*Note: Minimum Time Before Shifting Again Equation = 2.5*(CLKO<n>_DIV + 1) +
(CLKO<n>_CPHASE +1) ] * (Period of Divider Clock).

18.5. Low Power Features

The ECP5 and ECBEG PLL contains several features that allow the user to reduce the power usage of a design
including Standbynode support and Dynamic clock enable.

18.5.1. Dynamic Clock Enable
The Dynamic Clock Enable feature allows the user to glitchlessly enable and disable selected output clocks during

periods when not wused in the des éanabledchckslistag enlihe fllilegigeut p ut

of CLKOP. To support this feature each output clock has an independent Output Enable signal thattsniduk The
Output Enable signals are ENCLKOP, ENCLKOS, ENCLKOS2, and ENCLKOS3. Eagiod ¢tesanaligton in the
Clarity Designer GUI to bring the signal to the top level ports of the PLL. If external feisdlseit on a port or if the

clock’”s output is not enabled its dynamic clock enabl e

I akoPEnabled | ALKOP Disabled

ENOKOP —— t
I I

axop 0] o
QKOS aKos

I |Disabled
ENAKOS Enabled —— —

G_Kosl|l|l|l_||_| o

Figure 18.7. Dynamic Clock Enable for PLL Outputs

18.5.2. Standby Mode

The PLL can also be put into standby mode. This is similar to reset in that the PLL is still powered, how&@rishe

not running and the clock outputs driven low. The PLL witreStandby mode when the STDBY signdtdiven high

and the outputs will be driven low. Users need to stay in the STDBY mode for at least 1 ms smradke PLL analog
circuits are fully reset and to have a stable analog startup. The PLL can lseecestaen it isneeded again and the

output clocks will be reactivated. It will take Tlock_time = 16 us to achieve PLL lock agaippdit this mode the
“Standby Port” option is in the CIl arbroughtouldte thetapteeetof GU I
the PLL module.
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18.6. PLL Usage in Clarity Designer

It is expected that Clarity Designer will be used to create and configure a PLL. PLL can be found in the Gztalog tab

Clarity Designer under ModutéArchitecture Modules. The graphicader interface is used to select parametésthe
PLL. The result is an HDL block to be used in the simulation and synthesis flow.

The main window when the PLL is selected is showigurel8.8. When opening Ciily Designer inside a Diamond
project, the only entry required is the file name as the other entries are set to the project settings. If Déigyer is
opened as a standlone tool then it is necessary to supply the additional parameters shown sadtgen. After
entering the module name of choice, clicking on Customize will open the PLL configuration wirelmwasnFigure
188.

Catalog

Name Version
4 Z§ Module
4 2§ Architecture_Modules
« B0
{2 ddr_generic 6.0
@ ddr_mem 6.0
i gddr 71 6.0
@ sdr 6.0
@ dynamic bank controller 14| « pll ? X3 3
ot extref 11 3
£ pes 82 Name
> ﬁ%ﬂ::letic Mol 58 Instance Path:  C:/Users/vishwan Documents/temp/ecpS_factory_default =
it adder 35 Instance Name: pil_test
@ adder_subtractor 35
@ comparator 36 piss
% complex multiplier 18 Macro Type: Module Version: 5.8
@ convert 13
3 counter 46 Maco Name:. ol
@ fft_butterfly 15 Module Output: »eriog -
& ifsr 37
@ mult_add_sub 28 Device Famly: ECPSUM
@ mult_add_sub_sum 27 Part Name: LFESUM-45F -6MG285C
£ multiplier 49 Synthesis: =
@ multiply_accumulate 28
@ sin-cos_table 16
i} subtractor 35
4 23 DSP_Modules Customize | |..Cancel
£ 1d _filter 1.2
@ adder_tree 14
% barrel_shifter 13 =

@Lamce; ‘%‘ Lattice IP Server
Figure 18.8. Clarity Designer Main Window for PLL Module

18.6.1. Configuration Tab

The configuration window lists all user accessible attributes with default values set.ddptletion, clicking Generate

generates the source.

18.6.2. PLL Frequency and Phase Configuration

Enter the input and outptuclock frequencies and the software will calculate the divislttings. After the input and
output frequencies are entered clicking the Calculate button will display the dividlegsszand the closest achievable
frequency wil!/| beFdegpkaggtd t eBxt hbokafcahge & killlbe displayeidr
red and an error message will be displayed. The user can dés adolerance value fromthe€T ol er anc e
drop-down box. When the Calculate button is pressed the calmriawill be considered accuratethe result is within
the entered tolerance percentage range.

New to the ECP5 and EGHG PLL GUI, the user enters the desired phaseastifthe software will calculatine
closest achievable shift. After the desired phas entered, clicking the Calculdatton will display the closest
achievable phase shift in the *“ Act ogeltwilkbé displayéd intrashd t
an error message will be displayed.
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Configuration | Generate Log |

PLL

—{ CLKI CLKOP—

Estimated Resource Usage:

Frequency \ Phase | Optional Ports |
—CLKOP
rs Output Divider
Deswed Actual
—CLKI Fi Tolerance % Frequency
Frequency  Refck Divider 10000 [oo ~
{00 ——CLKOS
[~ Enable High Bandwidth oo i
™ Enable I™ Bypass R
——CLKFB
Feedback Feedback Tolerancs-% pha
Mode Divider : Mkt
fxor | @@ |oo ]
Info —CLKOS2 =
Approximate PLL oot f =
VCO RateMHz) Bandwidh(MHz) Lt R e e
[ [
F Tolerance %
[6a00 [oo ~|
__ Caouste | ——CLKOS3
[~ Enable I™ Bypass ‘
Tolerance %
T |
Configure Close I Help

Figure 18.9. ECP5 and ECP5-5G PLL Frequency Configuration Tab
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User Parameters | Description Range Default ict)tr:iisupt:ndlng HDL
CLKI Frequency Input 10—400 MHz 100 MHz | FREQUENCY_PIN_CLKI
Refclk Divider Shows the reference clock
—Read Only divider value - T CLKLDIV
Enable High Sets the PLL to high
Bandwidttgg bandwidth mode ’ ON/OFF T -
CLKOP, CLR@LKOS2, CLKOS3,
CLKFB Feedback mode INT_OP, INT_OB|T_0OS2, CLKOP | FEEDBK_PATH
INT_OS3, Uselock
Feedback Divider (read only 1—128 1 CLKFB_DIV
Enable ON/OFF OFF CLKOP_ENABLE
Bypass ON/OFF OFF OUTDIVIDER_MUXA
CLKOP Output Divider(read only) — — CLKOP_DIV
Desied Frequency 3.125—400 MHz 100 MHz | FREQUENCY_PIN_CLK(
Tolerance (%) 0.0,0.1,0.2,0.5.0, 2.0, 5.0, 10.0| 0.0 —
Actual Frequency (read only — — —
Enable ON/OFF OFF CLKOS_Enable
Bypass ON/OFF OFF OUTDIVIDER_MUXB
CLKOS Clock Dividefread orly) — — CLKOS_DIV
Desired Frequency 3.125—400 MHz 100 MHz | FREQUENCY_PIN_CLK(
Tolerance (%) 0.0,0.1,0.2,0.5.0, 2.0, 5.0, 10.0| 0.0 —
Actual Frequency (read only — — —
Enable ON/OFF OFF CLKOS2_Enable
Bypass ON/OFF OFF OUTDIVIDER_MEOX
CLKOS? Clock Divider (read only) — — CLKOS2_DIV
Desired Frequency 3.125—400 MHz 100 MHz | FREQUENCY_PIN_CLK(
Tolerance (%) 0.0,0.1,0.2,0.58.0, 2.0, 5.0, 10.0| 0.0 —
Actual Frequency (read only — — —
Enable ON/OFF OFF CLKOS3_Enable
Bypass ON/OFF OFF OUTDIVIDER_MUXD
CLKOS Clock Divider (read only) — — CLKOS3 DIV
Desired Frequendy 3.125—400 MHz 100 MHz | FREQUENCY_PIN_CLK(
Tolerance (%) 0.0,0.1,0.2,0.5..0, 2.0, 5.0, 10.0{ 0.0 —
Actual Frequency (read only — — —

Note: If this clak is selected as feedback, the minimum output frequency that is achievable is 10 MHz.
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—
HE Lattice FPGA Module — PLL - =B
Configuration | Generate Log
PLL F{r:m:].len\:yI|I M\UMM‘\
CLKOP
CLKOS
(]
CLKOS2
— CLKI CLEOP—
CLKDS3
Calculate
E stimated Resource U sage
Close Help

Figure 18.10. ECP5 and ECP5-5G PLL Phase Configuration Tab

Table 18.7. Tab 2, PLL Phase Settings, Clarity Designer GUI

Corresponding HDL

User Parameters | Description Range Default Attribute
. CLKOP_CPHASE,
CLIOP Desired Phase Based on Frequency 100 MHz CLKOP_FPHASE

Actual Phase (read only) — — —

. CLKOP_CPHASE,
CLKOS Desired Phase Based o Frequency 100 MHz CLKOP_FPHASE

Actual Phase (read only) — — —

. CLKOP_CPHASE,
CLKOS? Desired Phase Based on Frequency 100 MHz CLKOP_FPHASE

Actual Phase (read only) — — —

] CLKOP_CPHASE,
CLKOS Desired Phage Based on Frequency 100 MHz CIKOP_FPHASE

Actual Phase (read only) — — —
Note: Phase is now a calculated value based on frequency parameters, which gives finer phase resolution.
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HY Lattice FPGA Module -- PLL

Configuration | Generate Log

— CLKI

PLL Frewm\ Phase\ Optional POltsll\

[~ Enable Clock Select

I~ Dynamic Phase Ports
-

-

-

CLEDP K

™ Provide Standby Port
[~ Provide PLL Reset

™ Provide PLL Lock Signal

CF

Estimated Aesource Usage:

Close

Help

Figure 18.11. ECP5 and ECP5-5G PLL Optional Ports Configuration Tab

Table 18.8. Tab 3, PLL Optional Ports, Clarity Designer GUI

L. Corresponding

User Parameters Description Range Default HDL Attribute
Enable Clock Select Enables the input clock mux (PLLRERGHOoNnat). ON/OFF | OFF —
Dynamic Phase ports | Provides Dynamic Phase Shift ports. ON/OFF | OFF DPHASE_SOUR(
Clock Enable OP Provides ENCLKOP; clock enable foortlynamic ONIOEE | OFF .

clock output shutoff.
Clock Enable OS Provides ENCLKOS; clock enable foodynamic ONIOEE | OFE .

clock output shutoff.
Clock Enable OS2 Provides ENCLKOS?2; clock enablefpodynamic ONIOEE | OFF .

clock output shutoff.
Clock Enable GS Provides ENCLKOS3; clock enablefpodynamic ONIOEE | OFF .

clock output shutoff.
ProvideStandby Port Provides STDBY port to put the PLL stémdby mode.| ON/OFF | OFF STDBY_ENABLE
Provide PLL Reset Provides RST signal. ON/OFF | OFF PLLRST_ENA
Provide PLL Lock Signg Provides the LOCK signal. ON/OFF | OFF —
PLL Lock is Sticky gr:gze'EOCK goeshig i t  vwaesarturtlessdhe PLLI o\ /ner | opp PLL_LOCK_MOD

For the PLL, Clarity Designer sets attributes in the HDL module that are specific to the data rate selected. Although

these attributes can be easily changed, they should only be ieddify rerunning the GUI so that the performanoé
the PLL is maintained. After the MAP stage in the design flow, FREQUENCY preferences will baitioduded
preference file to automatically constrain the clocks produced by the PLL. For a step gyigeefo usindClarity
Designer, refer to the Clarity Designer User Manual.
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19. PLL Reference Clock Switch Primitive (PLLREFCS)

The ECP5 and ECBHG PLL contains an input mux to dynamically switch between two input reference dlbiskeiux
is modeled by thé?LLREFCS component. This mux may allow glitches and runt pulses through dependieg the
clock is switched. It is expected that the input clocks have the same frequiaimg. Bdefinesthe I/O ports of the
PLLREFCS block.

This component is instantiated in the PLL wrapper

Designer GUI. It can also be directly instantiated and software will automatically assign it to an unusdxypadsin
mode ard route the output to the CLKOP port.

ako

aK1 PLLREFCS PLLCSOUT

H
4’

Figure 19.1. PLLREFCS Component Symbol

Table 19.1. PLLREFCS Component Port Definition

Port Name Description

CLKO CLKO

CLKL CLK

SEL SEL = "0, CLKO is selected
SEL = "1, CLK1 is sel]|—

PLLCSOUT PLLCSOUT

19.1. PLLREFCS Usage in VHDL

Component Declaration
COMPONENT PLLREFCS

PORT (
CLKO :IN STD_LOGIC;
CLK1 - IN STD_LOGIC;
SEL :IN STD_LOGIC;
PLLCSOUT: OUT STD_LOGIC);
END COMPONENT;

PLLREFCS Instantiation
PLLREFCSInstO : PLLREFCS

PORT MAP (
CLKO =>CLK_0
,CLK1 =>CLK_1
,SEL => SELECT

,PLLCSOUT => CLK_OUT);
PLLREFCS Usage in Verilog
Component and Attribute Declaration
malule PLLREFCS(CLKO, CLK1, SEL, PLLCSOUT);
input CLKO, CLK1, SEL,;
output PLLCSOUT;
endmodule;

PLLREFCS Instantiation
PLLREFCS PLLREFCSInstO (
.CLKO (CLK_0)
,.CLK1 (CLK_1)
,.SEL (SELECT)
,.PLLCSOUT (CLK_OUT));
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Appendix A. Primary Clock Sources and Distribution

The following figures show the inputs into the Primary Clock Network through themmidinto the centermux for
each device. There are DCC components at the input of the centermux to allow the user to stop the clocktin order

save power. Allmignuxirput s with the nomencl ature “<quadr BOLK > _
network. All midmu x nputs with the nomenclature *<I
=1 (52) =2
§ [ Ol g =
2| o g8
=1el B ) el
SIS == =3
PLL TLOP PLL_TROP
PLL_TLOS PP TROS
PLLTLOD ™ - PLLTROR
PLLTLOS M- PP TROS3
IYYY YVYVYYy
Mid Mux
i Quadrant TL Quadrant TR ;
Primary Primary
Jocking Jocking
16 12 16
[ulq_pakabl > y < Urq_pdkabl
ulg_pclkcib0 > [ -4 urg_pclkcib0
ulm_pclkcib2 > ) <t urm_pclkcib0
ulm_pclkcib0 > {_urm_pclkcib2
= 3
g 1 14 E s
QKDIV 10 § S E—
GOV | e
KOV L1 < cen = ooV R
[ POK7 O ] g0 |
Cre1 |
Tlq_pdkdbo e T clk%bo
Ll - I Cli
Tig_polkaibl > [ - Irgclkcibl
m_pEchnBO L 16 -t Irm_pclkcib0
llm_pclkcib2 - <t Irm_pclkcib2
Quadrant BL Quadrant BR
Primary Primary
Qocking Qocking
Mid Mux
A A y
PLL BROP
PLL BLOOP PLL BROS
PLL BLOOS PLL BROD
PLL BLOOS = 22| lelulelelelelele| [BBIBIE |alz| 2k PLL BROS3
PLL BLO OS3 sle| [ 22 5[S[5 %‘%UIE =S89 [2fg] [8
EIEE bt B Mt B et P e e e g%gg ElE
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<E| 1215 (55 [2REREREE BRlER FIE| [

Figure A.1. ECP5 and ECP5-5G Primary Clock Sources and Distribution, LFESUM/LFE5UM5G-85 Devices
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Figure A.2. ECP5 and ECP5-5G Primary Clock Sources and Distribution, LFESUM/LFE5UM5G-45 Devices
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Figure A.3. ECP5 and ECP5-5G Primary Clock Sources and Distribution, LFESUM/LFE5UM5G-25 Devices
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Appendix B. Pinout Rules for Clocking in ECP5 and ECP5-5G

Devices

In the ECP5 and EGCBG device, as with all other architectsrehere are general rules and guidelines for board

designers which are required to be followed. These rules will give the best possible timing and allow for a successful

design.

In the .csv file where
as below:

Primary Clock Input Pir-PCLKT<Bank>_<0/1>
Dedicated PLL Input Pir<LOC>_GPLLOT_IN

Table B.1. Clock Input Selection

pi ns ar awil seesthe ALK and RLA Eput |rndd e

Clock Input Pin to Use Clock Routing Resource

Clockinput to Logic Directly PCLK Input Pin Uses Primary Clock Routing for the Clock.

Clock Input to PLL Only PLL Input Pin Uses dedicated PLL Input. No Prim&lock Routing is Used.
Clock Input to Logic and PLL PCLK Input Pin Uses Primary Clock Routiray the Clock.

Clock input to more thad PLL PCLK Input Pin Uses Primary Clock Routing for the Clock.
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Technical Support Assistance

Submit a technical support case througivw.latticesemi.com/techsuport.
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