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Acronyms in This Dagnent

A list of acronyms used in this document.

Acronym Definition

DDR Double Data Rate

ECLK Edge Clock

GDDR Generic Double Data Rate
PCLK Primary Clock

PIO Programmable I/O

PLD Programmable Logic Device
SCLK System Clock

SDR Single Data Rate
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1. Introduction

In response to the increasing need for higher data bandwidth, the industry has migrated from the traditional Single

Data Rate (SDR) to the Double Data Rate (DDR) architecture. SDR uses either the rising edge or the falling edge of the
clock signhto transfer data, while DDR uses both edges of the clock signal for data transfer. This essentially doubles
the data transmission rate using the same clock frequency because the data is transferred twice per clock cycle. The
Lattice MachXQOB PLD familpupports highspeed interfaces for both DDR and SDR applications througkirbuilt
Programmable I/O (PIO) logic. This document focuses on the implementation effdgigi generic DDR interfaces in

the MachXO3Devices. It also provides guidelines for makisg of thebuilt-in capabilities of thdvlachXO3Qievices

to achieve the best performance for higipeed interfaces
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2. Architecture for HighSpeed Interfaces

2.1. GearingLogic Distribution

The highspeed generic DDR (GDDR) interfaces are supported through ithéntgearing logic in the Programmable
I/0 (PIO) cells. This gearing is necessary to supporsipiged 1/0 while reducing the performance requirement on the
FPGA fabric.

There are four gearing ratio settings available inMechXO3DRQlevices dependingn the 1/O bank locations and the
logic density. Thel gearing ratio is available in all banks for all the device densitiex2Tké, and the 7:1 gearing
ratio are available in the top and bottom banks of dlachXO3DQievices. The 7:1 gearing rationisinly used for video
display applications. The&/x4 gearing circuit is shared with the 7:1 circuit on both receive and the transmit sides.
Table2.1 gives a breakdown of gearing logic support in the differentdd@ks. Details of PIO cells can be found in
MachXO® Family Data SheFPGADS02026)

Table2.1. Gearing Logic Distribution falachXO3[Devices

Gearing Logic Definition Gearing Ratio Left Right Bottom Top
DDR x4 GDDR 1l:2o0r2:1 Yes Yes Yes Yes
Input DDR x2 GDDR 1:4 T T Yes T
Input DDR x4 GDDR 1:8 T T Yes T
Input DDR 7:1 GDDR 17 T T Yes T
Output DDR %2 GDDR 4:1 T T T Yes
Output DDRx4 GDDR 8:1 T T T Yes
Output DDR 7:1 GDDR 71 T T T Yes

*Note: DDR x1 is available for all MachXO3D device densities.

2.2. Different Types of /0O Logic Cells

In order to support various gearing ratios, thlachXO3DRlevices support two types of Pl@yic cells. These include a
basic PIO cell and a video PIO cell. The basic PI1O cell supports traditional SDR registershnegi3iidgs. It is

available on all sides of &lachXO3MQlevices. The video PIO cell supports x@ex4 (inMachXO3@evice$ and 7:1

gearing applications. They are available on the bottom side for the receive interfaces, and on the top side for the
transmit interfaces. The input and output structures of each type of PIO cell are discussed in dédaihXO3D Family
Data Sheet (FPEAS02026) The block diagrams of the PIO cells are shown here again in this document for reference.
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2.3. Clock Domain mansfer at PIO Cells

TheMachXO3@mearing logic performs serializing andskrializing of higispeed data in the PIO cells. The clock

domain transfer for the data from the higdpeed edge clock (ECLK) to the-kpeed system clock (SCLK) is guaranteed
byRSaA3Iy GKNRdzZZAK G(G¢2 AYOISNYylt aixdaylrtasz !t5!/¢9 FyR {9[®
or four bits of data at a time for the 7:1 gearing. It remains static during<®ie4 gearings. The UPDATE signal behaves

the same for dlthe gearings to update the register with the correct byte of data. This data is then clocked by the SCLK
for downstream processingrigure2.2 illustrates the architecture o%2/x4 input gearing logic.

MachXO3Dlevices provide logic to support word alignment with minimal FPGA resources. The word alignment results
in a shift to the UPDATE, SEL and the SCLK signals. It can be activated by providing an alignment request signal to the
ALIGNWD port of the higépeed nterface components. ALIGNWD can be asynchronous to the ECLK domain, but it

must be at least two ECLK cycles wide. For the 7:1 gearing, ALIGNWD mustdegudadimes to loop through a

maximum of seven combinations of word orders. ForxBéx4 gearing, ALIGNWD must be pulsed eight times to step
through maximum eight possible word orders.
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Figure2.3 andFigure2.4 provide a timing relationship of UPDATE, SEL, ECLERCadsignals under different gearing
requirements.Figure2.5 and Figure2.6 show the word alignment procedure for various gearing ratios. The discussion
of gearing logiés applicable to both receive and transmit sides of the {sgeed interfaces.

D EchCe2 eZeE f2} 13} f4 f5 g( gZ
e [\ O\ U

UPDATE
SEL N
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Q[SZO] :X tb6b5b4b3b2b1b0E X &c6c5¢4c3c2c1¢0é X pd6d5d4d3d2d1d0g X Ge6e5e4g3e2eleld

Figure2.3. 7:1 Deserializer Timing iachXO3[Device
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Figure2.4. x2/x4 Deserializer Timing iMachXO3[Device
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Figure2.5. 7:1 Deserializer Timing iResponsdo ALIGNWD imMachXO3[Device
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Figure2.6. x2/ x4 Deserializer Timing iResponsdo ALIGNWD itMachXO3[Device
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3. External HighSpeed Interface Description

There are two types of external higipeed interface definitions #t can be used with th&lachXO3DRQievices:

centered and aligned. In a centered external interface, at the device pins, the clock is centered in the data opening. In
an aligned external interface, the clock and data transition are aligned at the devic&lpimss sometimes called

& S Rah-S R 3 Bgu3.1 shows external interface waveforms for SDR and DDR. At the receive side, an aligned
interface requires clock delay adjustment to position the clock edge at fdlenof the data opening to ensure that

the capture flipflop setup and hold times are not violated. Similarly a centered interface at the transmit side will
require a clock delay adjustment to position the clock at the center of the data opening fentission.

SDR Aligned SDR Centered
| |
Clock at pin T ‘ \ ] ‘ T ‘ \ \ ‘
Data at pin K X )< X | >< | >< | >
| | |
| | | | 1]: i i i
DDR Aligned DDR Centered
I | | I
\ ] A \ A A
Clock at pin ¥ ¥ ¥ ! '
Data at pin | | | | | | I |

Figure3.1. External Interface Definition
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4. HighSpeed Interface Building Blocks

MachXO3Dlevices provide dedicated logic blocks for building fsgled interfaces, wit each block performing a

unigue function. Combining various blocks gives ultimate performance of a specific interface. The hardware
components in the device are described in this section. The DDR Software Primitives and Attributes section describes
the library elements for these components. RefeMachXO® sysCLOCK PLL Usage GHB&ATN02070)for an in

depth discussion of clocking and PLL architectures.

4.1. ECLK

Edge clocks argigh-speed, lowskew I/O dedicated clocks. Two edge clocks (ECLK) are available on each of the top and
bottom sides. The primary clock nets (PCLK) have direct connectivity to ECLKs. The bottom PCLK pins also have minimal
routing to PLLs for video applicatis.

4.2. ECLKSYNC

This is the ECLK synchronization block. Each ECLK has its own ECLKCYNC component to synchronize the clock domain
transfer of data. This block can also be used to dynamically disable an edge clock to save power during operation.

4.3. SCLK

SCLK ffers to the system cloosf the designSCLK must use primary cl¢BCLKDins or primary clockPCLKpets for
high speed interfaces. There are eiff@LKins available for thtlachXO3Rlevice, and eighPCLKuets in the
MachXO3DRievices.

4.4. CLKDIV

Clock dviders are used to generate legpeed system clocks from a higheed edge clock. The ECLK frequeacybe
divided down by 2, by 3.5, or by 4 through the CLKDIV component.

45. PLL

A maximum of two PLLs are available inMechXO3@evices. There are prassgned dualpurpose 1/Opins that
drive to PLLs as reference clock inputs.

4.6. DQSDLL

A maximum of two DQSDLLs are available. Theigbp DQSDLL controls the top and right banks. The botedm
DQSDLL can be used by the bottom and left banks. The DQS[thertagth the dock slave delay cell (DLLDEL.),
used to create a 90° clock shift/delay for aligned receiver interfaces.

4.7. Input DDR (IDDR)

Generic input DDR components suppelt x2, x4, and 7:1 gearing ratios at the receiving side of the PIO cells.

Thex1 gearing is supported by IDDRX, or the basic PIO cell. It recdiitd3[1R datand outputs 2bit wide parallel

data synchronized to the SCLK. There is no clock domain transfer involveckingbaring. The2 gearing is

supported by IDDRX2. It reges 1bit DDR data synchronized to the ECLK and outputs four bitsafgdalata
synchronized to the SCLK. The same function applies to the IDDRX4, which receive$# sfigDR data
synchronizedo the ECLK and outputs eight bits of parallel dgtechronized to the SCLK. The 7:1 gearing shares the
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same structure as th&4 gearing. The 7:1 gearing outputs seven bits of parallel istead of eight. The generic
high-speed interface gearings are supported by the video PIO cells.

4.8. Output DDR (ODDR)

Generic output DDR components suppett, x2, x4, and 7:1 gearing ratios at the transmit side of the PIO cells.

Thex1 gearing is supported by ODDRX, or the basic PIO cell. It serializdsittdata based on SCLK. Theraasclock
domain transfer involve in X1 gearing. The2 gearing is supported by ODDRX2. Thé paralel data isclocked by
SCLK and is serialized using ECLKx4Tgearing is supported by OBR4. The-Bit parallel data i€locked by SCLK and
is serialized using ECLK. The 7:1 geahinges the sametrsicture as thex4 gearing. Th&-bit parallel data is serialized
by the ECLK. The generic high speed interface gearings are supported by thel@deils.

4.9. Delays

There are two types of delay available for higgeed interfaces. Theéi type isthe 1/O logic delay that can kepplied
on the input data paths, as shown in the block diagram of PIO architectures at the beginning of the document.

Although the 32tap I/O logic delay can be static or dynamic, only the bottae sf theMachXO3Ddevicesupports
dynamic data path delay. The static I/O logic delay (DELAYE) isyudefdult when configuring thimterface in the
Lattice design software. Software applies fixed delay values lasé#te interface used. Dynamielay (DELAYD) at
the bottom-side input data path provides dynamic oreuslefined delay. Dynamic delagquires extra ports available
on the module to be connected to user logic for detayptrol. The I/O logic delay ised to achieve the SDR zero hold
timing, or match prnary clock injection foxl gearing, or match #hedge clochnjection forx2/x4 gearings.

The second type of delay is the clock slave delay cell (DLLDEL), which delayentireg clock by 90°to pladhe clock
in the middle of the data opening. Thiobk is digitally controlled by the DQSDLL thiouddpit controlcode. There is
one clock slave delay cell per primary clock pin. Its input comestfremrimary clock pins and itautput can drive the
primary clock net for the1 aligned interface or ECEdt x2/x4 aligned interfaces.
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Generic HigiSpeed DDR Interfaces

Generic higkspeed interfaces, or Generic DDR (GDDR), are supporfiéacimXO3Rievicesusing the dedicated logic

blocks. This section will discuss the GDDR types, the interface logibeaswftware to support the GDDR capability in

the silicon.

5.1. High-Speed GDDR Interface Types

The GDDR interfaces supported by MachXO3DRlevice family are prelefined in the software and characterized in
the silicon.Tableb.1 lists all the supported interfaces and gives a brief description of each interface.

Table5.1. Generic HigkSpeed 1/O DDR Interfacés

Mode

Interface Name

Description

Supporting Device & Sides

RX SDR

GIREG_RX.SCLK

SDR input using SCLK

All sides

RX GDDRx1 Aligned

GDDRX1_RX.SCLK.Aligne

DDRXx1 input using SCLK, data is €dge
edge with incoming clock

All sides

RX GDDRx1 Centere

GDDRX1_RX.SCLK.Cente

DDRx1 input using SCLK, incomingicis
centered at the data opening

All sides

RX GDDRx2 Aligned

GDDRX2_RX.ECLK.Aligne

DDRx2 input using ECLK, data is edge
edge with incoming clock

Bottom

RX GDDRx2 Centere

GDDRX2_RX.ECLK.Centg

DDRx2 input using ECLK, incoming clog
certered at the data opening

Bottom

RX GDDRx4 Aligned

GDDRX4_RX.ECLK.Aligne

DDRx4 input using ECLK, data is edge
edge with incoming clock

Bottom

RX GDDRx4 Centere

GDDRX4_RX.ECLK.Cente

DDRx4 input using ECLK, incoming clog
centered at the dta opening

Bottom

RX GDDR71

GDDR71_RX.ECLK.7:1

GDDR 7:1 input using ECLK

Bottom

TX SDR

GOREG_TX.SCLK

SDR output using SCLK

All sides

TX GDDRx1 Aligned

GDDRX1_TX.SCLK.Aligne

DDRx1 output using SCLK, data is €¢dge
edge with outgoing clock

Allsides

TX GDDRXx1 Centereq

GDDRX1_TX.SCLK.Cente

DDRx1 output using SCLK, outgoing clo
is centered at the data opening

All sides

TX GDDRx2 Aligned

GDDRX2_TX.ECLK.Aligne

DDRx2 output using ECLK, data is €dge
edge with outgoing clock

Top

TX ®DRx2 Centered

GDDRX2_TX.ECLK.Cente

DDRx2 output using ECLK, outgoing clo
is centered at the data opening

Top

TX GDDRx4 Aligned

GDDRX4_TX.ECLK.Aligne

DDRx4 output using ECLK, data is ddge
edge with outgoing clock

Top

TX GDDRx4 Centereq

GDIRX4_TX.ECLK.Center

DDRx4 output using ECLK, outgoing clo
is centered at the data opening

Top

TX GDDR71

GDDR71_TX.ECLK.7:1

GDDR 7:1 output using ECLK

Top

Note: MIPI DPHY Receive can be built using GDDRX4_RX.ECLK.Centered interface RHYIRIM3mit can be built using
GDIRX4_TX.ECLK.Centered interface. Refeiild DPHY Interface IP (FP®&®02040)for detalils.

The following describes the naming conventions usec&mh of the interfaces listed ifable5.1.

=A =4 =4 -4 -4 4 4

Gc¢ Generic

IREG; SDR input I/O register
OREQ SDR output I/O register
DDRXZ, DDRx1 I/O register
DDRXZ2, DDRx2 /O register
DDRX4, DDRx4 1/O register
DDR7X, DDR 71 I/l register
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_RXc Receive interface

__TXc Transmit interface

ECLK Uses ECLK (edge clock) clocking resource at the GDDR interface
SCLK Uses SCLK (primary clock) clocking resource at the GDDR interface
Centeredg Clock is centered to the data whenmimg into the device

Alignedg Clock is aligned edgm-edge to the data when coming into the device

=A =4 =4 =4 -4 4

5.2. High'Speed GDDR Interface Details

This section describes each of the generic fsighed interfaces in detail including the clocking to be used for each
interface. For detailed information about tidachXO3[xlocking structure, refer tMachXO® sysCLOCK PLL Usage
Guide(FPGATN-02070) As listed inrableb.1, each interface is supported in specific bank locations oMiaehXO3D
devices. It is important to follow the architecture and various interface rules and preferences listed under each
interface in order to build these interfaces succe#igf The discussion of each component can be found in the DDR
Software Primitives and Attributes section of this document.

5.2.1. Receive Interfaces

There are eight receive interfaces patefined and supported through Lattice IPexpreseftware.

GIREG_RX.SCL

This is a generic interface for single data rate (SDR) data. The standard I/O register in the basic-Rj@el)(is
used for the implementation. An optional inverter can be used to center the clo@ifpred inputs. PLLs or DLLs can
be used to remove the clock injection delay or adjust the setup and hold times. Theadimnieed nunber of DLLs in
the architecture and these should be saved for kigieed interfaces when necessary. This interface daerebe built
using IPexpress, instantiating an 1/O register element, or inferred during synthesis.

Din Din
> > —>
IREG IREG
N\ JAN
Clk T clk ({
> >
Sclk Sclk

Figure5.1. GIREG_RX Interface

The input data path delay cells can be usedt@nDin path of the interface. A DELAYE element provides a fixed delay
to match the SCLK injection time. The dynamic input delay, DELAYD, is not available for this iRigufia2el shows
possible imementations of this interface.

Interface rule:

Adedicated clock pin PCikust be useds the clock source
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GDDRX1_RX.SCLK.Aligned

This DDR interface uses the SCLK and the DQSDLL to provideakoghift to center the clock at the IDDRXE. A
DELAYE element isad to adjust data delay for the SCLK clock injection time. The DELAYD is not availabk for the
interface.

datain
DELAYE > D IDDRXE |~ p g

SCLK

clk
— P> DLLDELC

A

DQSDLLC

A

Figure5.2. GDDRX1_RX.SCLK.Aligned Interface Using DQSDLL

Interfacerules:

1 Adedicated clock pin PChkust be useds the clock source for DLLDELC

1 A primary clock net must be used to connect DLL outputs to the SCLK port
1 The DELAYE value should be set to SCLK_ALIGNED for the best timing
1

There are up to two DQSDLL@s gevice. This limits the interface to a maximum of two clock frequencies per
device

GDDRX1 RX.SCLK.Centered

This DDR interface uses DELAYE to match the SCLK delay at the IDDRXE. DE&yailBhkerfot thexl interface.
Since it is a centered intiace, the clock edge is already in the middle of the data opening. There is no logic required to
shift the clock.

datain
DELAYE

h 4

D IDDRXE L~ g

SCLK
y

clk

Figure5.3. GDDRX1_RX.SCLK.Centered

Interface rules:

1 Adedicatd clock pin PClLKust be useds the clock source

1 DELAYE value should be setto SCLK_CENTERED for the best timing
1 The clock connected to SCLK should be on a primary clock net
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GDDRX2_RX.ECLK.Aligned

This DDR2 interface uses the DQSDLL to provid®eclock shift to center the clock at the IDDRX2E buffer. DELAYE is
used to delay data to match the ECLK injection delay. DELAYD can also be used to control the delay dynamically. This
interface usex2 gearing with the IDDRX2E element. This requiresisieeof a CLKDIVC to provide the SCLK which is

half the frequency of the ECLK. The ECLKSYNCA element is associated with the ECLK and must be used to drive the
ECLK. The port ALIGNWD can be used for word alignment at the interface.

Dynamic Delay

Port(Optiona) ECLK
DELAYE
; or IDDRXE
datain DELAYD »|D
—~—»q
ALIGNWD p| ALIGNWD 4
ECK SCLK
A A
ECLKSYNCA
A
ck ——»{ DLLDELC L
7y > CDIVX—
CLKDIVC

A

DQSDLLC

!

Figureb.4. GDDRX2_RX.ECLK.Aligned Interface

Interface rules:
1 Adedicated clock pin PChkust be useds the clock source for DLLDELC
9 Clock net routed to SCLK must use primary clock net

1 There are up tawo DQSDLIgper device. It limits this interface to a maximum of two clock frequencies per
device.

1 DELAYE should be set to ECLK_ALIGNED
When DELAYD is used, only one dynamic delay port is needed for the entire bus.
1 This interface is supported at thmttom side of the devices

==

GDDRX2_RX.ECLK.Centered

This DDR2 interface uses DELAYE or DELAYD to match edge clock delay at the IDDRX2E. Since this interface uses the
ECLKit can be extended to support large data bus sizes for the entire side of theedd his interface use® gearing

with the IDDRX2D element. This requires the use of a CLKDIVC to provide the SCLK which is half the frequency of the
ECLK. The port ALIGNWD can be used for word alignment at the interface.
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Dynamic Delay

Port(Optiona) ECLK
DELAYE
; or IDDRZE
datain DELAYD »'D
ALIGNWD 4 a
- ALIGNWD
ECK SCLK
A J
clk P ECLKSYNCA
> CDIVX [—
CLKDIVC

Figure5.5. GDDRX2_RX.ECLK.Centered Interface

Interface rules:

A dedicated clock pin PCLK must be used as the clock source for ECLKSYNCA.
Clock net routed to SCLK must use primary clock net

DELAYE should bet to ECLK_CENTERED

When DELAYD is used, only one dynamic delay port is needed for the entire bus.
This interface is supported at the bottom side of the devices

=A =4 =4 -4 =4

GDDRX4_RX.ECLK.Aligned

This DDR4 interface uses the DQSDLL to provide acfiftk sHit to center the edge clock at the IDDRX4Bfbuf

DELAYE is used to delay data to match the ECLK injection delay. DELAYD can also be used to control the delay
dynamically. Since this interface uses the ECLK, it can be extended to support large dateslfos tie entire side of

the device. This interface uses x4 gearing with the IDDRX4B element. This requires the use of a CLKDIVC to provide the
SCLK which is one quarter of the ECLK frequency. ECLKSYNCA element is associated with the ECLK arditmust be use
drive the ECLK. The port ALIGNWD can be used for word alignment at the interface.
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Dynamic Delay

Port (Optiona) ECLK
DELAYE
; or IDDRAB
datain DELAYD > D
—~—»q
ALIGNWD » ALIGNWD 8
ECK SCLK
/
ECLKSYNC
A
|
clk —>| DLLDELC | . CDIVX
T CLKDIVC
| DQSDLLC I: T

Figure5.6. GDDRX4_RX.ECLK.Aligned Interface

Interface rules:

f
f
f

=A =4 =4 =4

A dedicated clock pin PCLKishbe used as the clock source for DLLDELC.
Clock net routed to SCLK must use primary clock net

There are up to two DQSDIdgér device. It limits this interface to have maximum of two clock frequencies per
device.

Data input must use A/B pair of thé©l logic cells for x4 gearing

DELAYE should be set to ECLK_ALIGNED

When DELAYD is used, only one dynamic delay port is needed for the entire bus

This interface is supported at the bottom side of tlachXO3E2100and higher density devices

Note: TheGDDRX4_RX.ECLK.Centered interface is used to build-RHM Receive Interfadeefer toMIPI DPHY
Interface IP (FPGRD02040)for details.

GDDRX4_RX.ECLK.Centered

This DDR4interface uses DELAYE or DELAYD to match edge clock delay at the IDDRX4B. Since this interface uses the
ECLK it can be extended to support large data bus sizes for the entire side of the device. This interface uses x4 gearing
with the IDDRX4B element. ishrequires the use of a CLKDIVC to provide the tB@LK one quarter of the ECLK

frequency. The port ALIGNWD can be used for word alignment at the interface.

22
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Dynamic Delay

Port (Optiona)) ECLK
DELAYE
. or IDDRAB
datain DELAYD » (D
——»q
ALIGNWD » ALIGNWD 8
ECK SCLK
A J
clk ———— | ECLKSYNC
»> CDIVX—
CLKDIVC

Figure5.7. GDDX4_RX.ECLK.Centered Interface

Interface rules:

Adedicated clock pin PChkust be usedhs the clock source for ECLKSY.NCA
Clock net routed to SCLK must use primary clock net

Data input must use A/B pair of the 1/O logic fdrgearing

DELAYE should bet to ECLK_CENTERED

When DELAYD is used, one dynamic delay port is needed for the entire bus.
This interface is supported at the bottom side of the devices

=A =4 -4 =4 -4 A
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GDDR71_RX.ECLK.7:1

The GDDR 7:1 receive interface is unique among the supportesspégit DR interfaces. It uses the PLL to search the

best clock edge to the data opening position during bit alignment process. The PLL steps through the 16 phases to give
eight sampling points per data. The data path delay is not used in this interface. CLKI&Cto divide down the

ECLK by 3.5 due to the nature of the 1:7 deserializing regameriihis means the SCLK isring seven times slower

than the incoming data rate. ECLKSYNCA element is associated with the ECLK and must be used to driventhe ECLK. T
complete 7:1 LVDS video display application requires bit alignment and word alignment blocks to be built in the FPGA
resources in addition to the builh I/O gearing logic and alignment logic. The CLK_PHASE signal is sent to the FPGA side
to build thebit alignment logic.

ECLK
) IDDRX1A
datain
—“»q
ALIGNWD L P | ALIGNWD 7
ECK SCK
A
ECLKSYNCA® T &———
A
clk —@—p| ~ CDIVX
PLL 4
CLKDIVC
@o———
v
ECK SCLK 7
» D
»| ALIGNWD
IDDRX1A
CLKPHASEg

Figure5.8. GDDR71_RX.ECLK.7:1 Interface

Interface rules:

Adedicated clock pin PCLK at the bottom sidest be useas the clock source for PLL

Clock netrouted to SCLK must use primary clock net

There are up to two PLLs per device. It limits this interface to have maximum of two clock frequencies per device.
The data input must use A/B pair of the 1/O logic cell for 7:1 gearing

This interface is sumpted at the bottom side of the devices

=A =4 =4 -4 =4

5.2.2. Transmit Interfaces

There are eight transmit interfaces pdefined and supported through Lattice IPexpress software.

GOREG_TX.SCLK

This is a generic interface for SDR data and a forwarded clock. The steeglaterrin the basic P1O cell is used to
implement this interface. The ODDRXE used for the output clock balances the clock path to match the data path. A PLL
can also be used to clock the ODDRXE to phase shift the clock to provide a precise clockuipdataihere are a
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limited number of PLLs in the architecture and these should be saved feshégit interfaces when necessary. This
interface can either be built using IPexpress, instantiating an 1/O register element, or inferred during synthesis.

dq——o | p dataout
OREG

clk

> SCLK —» clkout
71— ODDRXE

Figure5.9. GOREG_TX.SCLK Interface

Interface rule:
The clock source for SCLK must be routed on a primary clock net

GDDRX1_TX.SCLK.Aligned

This output DDR interface provides dl@nd data that are aligned using a single SCLK. The ODDRXE used for the output
clock balances the clock path to match the data path.

1— o
clk L 4 SCLK —— clkout
0—m
ODDRXE
do DO
di D1 ——> dataout
ODDRXE
SCLK

Figure5.10. GDDRX1_TX.SCLK.Aligned Intefac

Interface rule:
The clock source for SCLK must be routed on a primary clock net
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GDDRX1_TX.SCLK.Centered

This output DDR interface provides clock and data that arepngéered. PLL uses clkop and clkos ports to provide the
90° phase difference beteen the data and the clock. It requires two SCLK resources to drive the output data I/O cell
and the output clock 1/O cell.

0— D1
clkop SCLK —» clkout
clk — PLL
clkos 1— DO
ODDRXE
do DO
di D1 —» dataout
ODDRXE
SCLK

Figure5.11. GDDRX1_TX.SCLK.Centered Interface

Interface rule:
SCLK and 9&hifted SCLK must be routed on primary clock.nets
GDDRX2_TX.ECLK.Aligned

This output DDR2interface provides clock and data that are aligned. A CLKDIV is used to generate the SCLK which is
half of the ECLK frequency. The ECLRS¥&nent is used on the ECLK path for data synchronization.
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o Bk O

do

di

d2

d3

DO
D1 ODDRZXE — clkout
D2
D3 SCK ECK
[ [
DO
D1
02 ODDRZE ——> dataout
D3 SCK ECLK
A A

CLKDIV

clk———  »{ ECLKSYNCA

Figure5.12. GDDRX2_TX.ECLK.Aligned Interface

Interface rules:

1 Edge clock routing resources must be used for the&KECL

1 The routing of SCLK must use primary clock net

1 This interface is supported at the top side of dlachXO3E2100and higher density devices
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This output DDR?2 interface provides a clock that is centered at the data openihg.PLL uses clkop and clkos ports
to provide the 90° phase difference between the data and the clock. Two ECLK routing resources are used in this
interface to drive the output data and the output clock. A CLKDIV is used to generate the SCLK whichtieHaGld<

frequency.

clk—p»|
PLL

clko

clkos

Interface rules:

eclk

Figure5.13. GDDRX2_TX.ECLK.Centered Interface

do DO
di Dl ODDRZE —— dataout
d2 D2
d3 D3 SCK ECLK
A A
CLKDIV
»| ECLKSYNE
eclk90®
ECLKSYNC/
Y
1 D0 SCK ECLK
0 D1
— clkout
1 b2 ODDR2E clod
0 D3

91 Edge clock routing resources must be used for the ECLK
Since two ECLKSs are used on thierfiace, maximum one bus of this interface can be implemented at a time.

1
1 The routing of the SCLK must use primary clock net
1

This interface is supported at the top side of the device
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GDDRX4_TX.ECLK.Aligned

This output DDR x4 interface provides clock dath that are aligned. A CLKDIV is used to generate the SCLK which is a
guarter of the ECLK frequency. The ECLKSYNC element is used on the ECLK path for data synchronization.

1 Do
0 D1
1 D2 +—» clkout
0 b3 ODDRXB
1 D4
0 D5
1 D6
0 D7 SCLK ECLK
i 2
D1
g% BQG —» dataout
da D4 ODDR#4B
d5 D5
d6 D6
d7 D7 SCLK ECLK

A

CLKDIV

clk———» ECLKSYNCA

Figureb.14. GDDRX4_TX.ECLK.Aligned Interface

Interface rules:

1 Edge clock routing resources must be used for the ECLK
1 The routing of SCLK must use primary clock net

1 Data output must use A/B pair of the I/O logic fdrgearing
1 This interface is supporteat the top side of the device
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GDDRX4_TX.ECLK.Centered

This output DDR x4 interface provides a clock that is centered at the data opening. The PLL uses clkop and clkos ports
to provide the 90° phase difference between the data and the clock. Two EClikgrmsources are used in this

interface to drive the output data and the output clock. A CLKDIV is used to generate the SCLK whighastenef

the ECLK frequency.

30 DO
d% B% —» dataout
a3 D3 ODDRXB
d4 D4
ds D5
dé D6
a7 b7 SCK ECLK
7y
CLKDIV J
ckop]—6K 3 EciksYNCA
clk—»{ PLL
clkos
eclk90°
"| ECLKSYNCA
v y
SCLK ECLK
— clkout

ODDR#B

Y8ER BR8RE

Figureb.15. GDDRX4_ TX.ECLK.Centered Interface

Interface rules:

Edge clock routing resources must be used for the ECLK

Since two ECLKs are used on this interface, a maximum of one bus of this interface can be implemented at a time
The routing of the SCLK musste primary clock net

Data output must use A/B pair of the 1/O logic fdrgearing

This interface is supported at the top side of the device

Note: The GDDRX4_TX.ECLK.Centered interface is used to buildmHFI Dansmit InterfacRefer toMIPI DPHY
Interface IP (FPGRD02040)for details

=A =4 =4 -4 =4
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GDDR71_TX.ECLK.7:1

The GDDR 7:1 transmit interface is uniqgue among the supporteeshigdd DDR interfaces. It uses a specificquatto

generate the output clock, known as pixel clock. The CLKDIVC is used to divide down the ECLK by 3.5 due to the nature
of the 7:1 serializing requirement. This means the SCLK is rissirgtimes slower than the transmit data rate.
ECLKSYNCA elermmnassociated with the ECLK and must be used to drive the ECLK.

—» clkout

ODDRXIA

S8R BRIRE

SCK ECLK
A 4

—» dataout

ODDRXIA

S8R 8828

SCK ECLK
A 4

CLKDIV

clk—» ECLKSYNCA

Figure5.16. GDDR71_TX.ECLK.7:1 Interface

Interface rules:

1 Edge clock routing resources must be used for ek

1 The routing of SCLK must use primary clock net

1 Data output must use A/B pair of the I/O logic for 7:1 gearing
1 This interface is supported at the top side of the device
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6. Using IPexpress to Build Generic Hif§peed DDR Interfaces

The IPexpress tooff the Lattice development software should be used to configui gemerate all the generic
high-speed interfaces described above. IPexpress will generate a complete HDL module including clocking
requirements for each of the interfaces described abovehéniPexpress GUI, all the DDR modules are located under
Architecture Modules > IOThis section covers the SDR, DDR_GENHRIGDDR_71 interfaces in IPeess.

Table6.1 shows the signal names used in the Iffess modules. Each signal can be used in all or some specified
interfaces. The signals are listed separately for the GDDR receive interfaces and the transmit interfaces.

Table6.1. Signal Names&Jsedby IPexpess Modules

Signal Name | Direction | Description | Supported Interfaces
Receive Interface

ck Input Source synchronous clock All

reset Input Asynchronous reset to the interface, active high All

datain Input Serial data input at Rx interfaces All

uddcrtin Input Hold/update control of delay code, active low x1,x2, >4 Aligned
freeze Input Freeze or release DLL, active high x1, x2, x4 Aligned
alignwd Input Word alignment control signal, active high x2,%x4,7:1
dgsdll_reset Input Asynchronous DQ@R.L reset, active high x2, x4 Aligned
clk_s$ Input Slow clock for reset synchronization x2,x4,7:1

init Input Initialize reset synchronization, active high x2, x4, 7:1
phase_dir Input PLL phase direction 7:1
phase_step Input PLL phase step 7:1

sclk Output System clock for the FPGA fabric All

q Output Parallel data output of the Rx interfaces All

lock Output DLL or PLL lock x2, x4, 7:1
eclk Output Edge clock generated from the input clock x2, x4 Aligned, 7:1
rx_ready Output Indicae completion of reset synchronization x2, x4, 7:1
clk_phase Output 7-bit representation of input clock phase 7:1
Transmit Interface

ck Input Main input clock for Tx interfaces All

reset Input Asynchronous reset to the interface, active high All

dataout Input Parallel input data of the Tx interfaces All

clk_$ Input Slow clock for reat synchronization x2, x4, 7:1
sclk Output System clock for the FPGA fabric All

dout Output Serial data output for the Tx interfaces All

clkout Output Source sychronous clock All
Tx_ready Output Indicate completion of reset synchronization x2, x4, 7:1

*Note: clk_s can be any slow clock to be used for reset synchronization process. This clock must be slower than eclk.

6.1. Building the SDR Interface

As shown irFigure6.1, you can choose interface type SDR, enter the module name andGiisfomizeto openthe
CGonfigurationtab. Note thatx4 gearing is only on thilachXO3DRlevices.
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File Settings Help
ﬁ % "2’ 3:‘», Q;l All Device Family -
Name =l sore.o
4 23 Module
4 @ Architecture_Modules eI Module Version: 8.0
4« FHI0 Module Mame:  SDR
{nt DDR
ﬁ; DDR_GENERIC Project Path: F:\temp\test\test_gddr_xo3d
@: DDR_MEM File Name: edr_rx|
it pgs :
E GDDR_7:1 Module Ouiput: [Uenlog v]
E SDR Device Family: [MadﬂCOSD v]
o DLL | PartName:  [LCMXO3D-6300HC-SBG256C -
int Digital COR =
E Dynamic Bank Controller Synthesis: [SWDHFYPI'O - ]
it EFe
{t ORCAstra
oo
{nt pLL
@ Power Controller
@ Power Guard
@: Systermn_Bus
E Tag Memaory
I IE Arithmetic_Modules
I 1] DSP_Modules T
&+ 12 Memory_Modules I
« [ m 3 %Conﬁguraﬁon @About |

Figure6.1. SDR Interface Selection at the IPexpress Main Window

Figure6.2 shows the Configuratiotab for the SDR module in IPexpregsble6.2 lists the various aufigurations
options available for SDR modules.
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.
HY Lattice FPGA Module —
.

Configuration

Generate Log

SDR Configuration \
Interface Type |F| eceive j
* clk 1/0 Standard for this Interface |LVCM0525 ﬂ
gk = Bz 'width for thiz Interface 16 [1-128]
Clock Frequency for this Interface  |166 [1 - 166kHzZ]
— [eset
Bandwidth [Calculated) 2B56 Mbitsdz
(1 50 e Interface GIREG_R.5CLK j I Clock |
e Jatain[15:0]
Data Path Delay SCLE_ZEROHOLD j
FDEL far User Defined o
E stimated Resource Usage:
Generate Close

nversion

Help

Figure6.2. Configuratio

Table6.2. GUI Options for the SDR Interfaces

n Tab for the SDR Interface

Interface

run

GUI Option Description Range Default Value
Interface Type Types of interfaces Transmit, Receive Receive

I/O Standard for this I/O standard to be used for the | Supports all I/O types per selected LVCMOS25
interface interface. Interface Type

Bus Width for this Bus size for the interface. 1-128 16

Interface

Clock Frequency for this| Speed at which the interface wi| 1-166 MHz 166 MHz

Interface Bandwidth
(calculated)

Calculated from the clock
frequency entered.

(calculated)

(calculated)

Interface

Interface selected based on
previous entries.

Transmit: GOREG_TX.SCLK Receive
GIREG_RX.SCLK

GIREG_RX.SCLK

! aSN) 58FAYySRE
be entered with this parameter.

Clock Inversion Option to invert the clock input | DISABLED, ENABLED DISABLED
to the I/O register.

Data Path Delay Data input can be optionally Bypass, SCLK_ZEROHOLD, User De| Bypass
delayedusing the DELAY block,

FDEL for User Defined | If Delay type selected above is | Delay0 to Delay31 Delay0
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6.2. Building DDR Generic Interfaces

As shownn Figure6.3, you can choose interface type DDR_Generic, enter module name ancCaltémizeto open

the Configuration tab.

File | Settings | Help

g % 'if 2 25! All Device Family

-

MName

4 & Module

4 3 Architecture Modules

4 10
{+ por

{nt DDR_GEMERIC

It DDR_MEM
i pgs
It GDDR_7:1
it sDrR

It oL

ot Digital COR

@: Dynamic Bank Controller

ot eFe

it ORCAstra
It pcs
ot pLL

E Power Guard
@: Systern_Bus
E Tag Memory

> [ DSP_Modules
> [ Memory_Modules
4| = 1 |

It Power Controller

-~

m

» [ Arithmetic_Modules

DDR_GEMERIC 6.0

Macro Type: Madule ‘iersion:

Module Name:  DDR_GEMERIC
Project Path: F:\templtestitest_gddr_xo3d

File Name: gddr_rx

6.0

Browse...

Module Output: [\derilog

Device Family:  [MachXO3D

Part Name: [LCMXOED—GQUUHC—SEGZEGC

Synthesis: [Syﬂpliﬁ-‘Pro

% Configuration l@ About |

Figure6.3. DDR_Generic Interface Sel#on at the IPexpress Main Window

DDR_Generic interfaces have a-Banfiguratiortab and a Configuratiotab. The Pre&Configuratiortab allowsyouto
enter information about the type of interface to be built. Based on the entries in theC@rdiguratiortab, the
Configuratiortabis populated with the best interface selectioMoucan also, if necessary, override the selection made
for the interface in the Configuratiorab and customize the interface based on design requirements.

The following figurestow the two tabs of the DDR_Generic modules in IPexpledse6.3 and Table6.4 list the
various configuration options available for DDR_Generic modules.
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'=:| ] HEIE
Configuration l Generate Log
DDR_GEMERIC Pre-Configuration \ Configuration \
— | sligrd Interface Type Receive j
™ Enable Tri-state Control
—3{ ck otk 3= ™ Enable MIFI High Speed Mode Orlp
— ek s 1/0 Standard for this Interface LWD5 25 j
Clack Frequency far thiz Interface 400 [1 - 450MHz]
—{ dgsdl_resst I_ready —» Buz Wwidth for this Interface 2 [1-21)
— ) heeze Mumber of thiz interface 2 [1-8]
Interface Bandwidth [Calculated) 1600 Mbits/s
—>] init sclk—» Clock to Data Relationship at the Pins  [Edge-to-Edge j
—» reset
—3| uddentin 1 5: 0] -
| datain(1:0]
E stimated Regource Uzage:
LuT: 2
Generate Close Help
Figure6.4. Pre-Configuration Tab of the DDR_Generic Interfaces
Table6.3. GUI Option for the Pr&onfiguration Tab of DDR_Generic Modules
GUI Option Description Range Defaut Value
Interface Type Types of interfaces Transmit, Receivdransmit_MIPI, *Note
Receive_MIPI
Enable MIPI High Speeq Supports only HS mode, not LR DISABLED, ENABLED DISABLED
Mode Only (only for mode
MIPI)
I/O Standard for this I/O Standardor this interface | Supports all I/O types per selected LVCMOS25
interface Interface Type
Clock Frequency for thi§ Speed at which the interface | 1-450MHz *Note
Interface will run
Bus Width for this Bus size for the interface Various depending on thinterface *Note
Interface selected
Number of this Interface] Maximum number of buses (Calculated) (Calculated)
supported
Interface Bandwidth Calculated from the clock (Calculated) (Calculated)
(calculated) frequency and bus width
Clock to Data Select the type of external Edgeto-Edge, Centered *Note
Relationshipat the Pins | interfaces

*Note: All fields of the Pr&Configuration tab are blank as default.
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Configuration l Generate Log

DDR_GENERIC Pre-Canfiguration \ Corfiguration \
— ] sligrwnd ¥ Interface selection based on pre-configuratian
Interface Type Receive ﬂ
— clk lock —= )
™ Enable Tri-state Contral
—{ clk_s ™ Enable MIFI High Spead Mode Only
1/0 Standard VD525 ]
—{ dgadll_reset ri_ready—»
Clock Freguency 400 [1- 450rMHz)
—m= freeze Gearing A atio Au ﬁ
Aligrment |E dge-to-Edge ﬁ
—={ init solk —=
Busz Width 2
— reset Murnber of interfaces 2 [1-8)
| udddrtin s = Iifiefies [GODRRE_ R ECLE Aligned vl
e datain(1:0] Data Path Delay |Predefined | ﬁ
™ Generate PLL with this Maodule

E ztimated Bezource Usage:
LuT: 2

Generate Close Help

]

Figure6.5. Configuration Tab of the DDR_Generic Mdes

Based on the selections made in the fenfiguratiortab, the Configurationab is populated with the selections as
shown inFigure6.6. The checkbox at the top of this tab indicates that the interface écted based on entries in the
Pre-Configuratiortab. Youcan choose to change these values by digglthis entry. Note that IP@xess chooses the
most suitable interface based on selections made in theGefiguratiortab.

Table6.4. GUI Options of the Configuration Tab of the DDR_Generic Modules

GUI Option Description Range Default Value
Interface Selection based | Indicates interface is selected Enabled, Disabled Enabled
on pre-configuration based on selection made in the
Preconfiguration tab. Disabling
this checkbox allowgouto select
gearing ratio, delay types etc.
Interface Type Types of interfaces Transmit, Receive, T
Transmit_MIPI, Receive_MIPI
I/O Standard I/O standard for this interface All'I/Otypes per selected T
Interface Type
Clock Frequency Speed at which the interface will | 1-378 MHz (for HP) T
run 1-210 MHz (for LP)
Gearing Ratio Choose the gearing ratio of the x1, x2, x4 T
interface
Alignment Determine the type of external Edgeto-Edge, Centered T
interfaces
Bus Width Bus size for the interface 1-128 T
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GUI Option

Description

Range

Default Value

Number of Interfaces

Maximum number of buses
supported

1-8

T

Interface

A list of the supported GDDR
interfaces

Dependent of the Gearing ratig
and Alignment choice

Data Path Delay

Data input can be optionally
delayed using the DELAY block.

Bypass, Predefined, User
defined, Dynamic

Generate PLL with this
Module?

Option to generate PLL with this
module or not to generate PLL
with this module.

Enabled, Disabled

Notes:
1. 2 KSy
a5yl YAOE

a ! a S Nielded, iy &Ry¢value dieldésabled to allowyouto select the delay values 0 to 31. When
At delag polid RRFER i 2p 0 KS Y2 RdzZ S & 3Rayd Ydedve int@facgs. 2 y £ &

2. This option is only available for interfaces that are using a PLL. This includes, GDDRX1_RX.SCLK.Aligned,
GDDRX1_TX.SCLK.Centered, GDDRX2_TX.ECLK.Centered, and GDDRX4_TX.ECLK.Centered interfaces.

If the PreConfiguration tab is used, the gearing ratidiud interface is determined bthe speed of the interface.
Table6.5 shows how the gearing ratio is selected.

Table6.5. Gearing Ratio Selection by the Software fdachXO3[Device

Device Type Speed of the Interface Gearing Ratio
=< 166 MHz x1
High Performance (HP) devices > 166 MHz and =< 266 MHz x2
> 266 MHz x4
=< 70 MHz x1
Low Power (LP) devices >70 MHz and =< 133 MHz x2
>133 MHz x4
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6.3. Building a Generi©ODR 7:1 Interface

As shown irFigure6.6, you can choose interface type GDDR_71, enter module name andecigthmizeto open the
Configuration tab. The Configuratitab options are listed in this section. The®D:1 interface is a very specific
application so the options are relatively simple. Most of the necegsdagic is built into the softare for ease of use.

ﬁ % 3;, Q;l All Device Family -
Name “ coor_7:16.0
4 2 Module
& % Architecture_Modules FEEETEEE Module Version: 5.0
4 & 10 Module Name:  GDDR_7:1
=+ poR
E DDR_GEMERIC Project Path: F:\temp\testitest_gddr_xo3d
ot DDR_MEM File Mame: gddr_71rx
it pgs _
@ GDDR_7:1 Module Qutput: [Henlog v]
E SDR Device Family: [MachXOSD v]
o oL 1 PartMame:  [LCMXO3D-6900HC-5BG256C |
{nt Digital COR £
{nt Dynamic Bank Controller Synthesis: [SYﬂlJlifYPro v]
ot ere
{nt ORCAstra
20c
{nt pLL
E Power Controller
@: Power Guard
@: System_Bus
@: Tag Memory
> 12 Arithmetic_Modules
> 2] DSP_Modules |
> 121 Memory_Modules .
[ 1 3 %Conﬁgurat‘on ’@About |

Figure6.6. GDDR_71 Interface Selection at tHeexpress Main Window
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Configuration lGenerate Log ]

GDDR_7:1
—3 aligrvad lack —
el re_feady —»
]
s sl —
—= init
clk_phasel5: 0] m—l-
—» phaze_dir
Q[E: 1] e
—» phaze_step
—! pll_rezet ql[E:D] =
—] reset 2[5 ] e
! datain[3:0] Q5 ] prme-

Estimated Resource sage:
LUT: 2
Reg: 4

Canfiguration \

' Lattice FPGA Module ==

IHeceive ZI
4 [1-21]

108 [10-108MHz]

Interface Tope
Drata width

High-5peed Clock Frequency
[pixel clock)

Generate Close Help
Figure6.7. Configuration Tab of GDDR_71
Table6.6. GUI Options of the Configuration Tab for GDDR_71
GUI Option Description Range DefaultValue
Interface Type Types of interfaces Transmit, Receive Receive
Data Width The number of incoming channels 1-21 4
High speed Clock Frequency (Pixel Clg Pixel clock frequency for 7:1 LVDS interfg 10-108 MHz 108
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7. Generic HigkSpeed DDR Desigrufdelines

7.1. 1/O Logic Cells and Gearing Logic

Each Programmablé® Cell (PIC) has four programmable I/O (P1Os), which form two pairs of I/O bufiér£18zby
itself can support aXxgearing ratio. A pair of PIOs, either the A/B pair or C/D pair, caposLgx2 gearing ratio.
Support of a 4 or 7:1 gearing ratio will take up all four PIOs in one PIC block4Tdre7:1 gearing ratio can only be
supported when the A/B pair pins are available in the package, and are independent of the availabilit /A fiies.
The total number of & interfaces available in a specific package is determined by the total number of A/B and C/D
pairs. The total number of4/7:1 interfaces available in a specific package is determined by the total number of A/B
pairs.

Tabk 7.1. Gearing Logic Supported by Mixed Mode of I/O Logic CelldfachXO3[Devices

Gearing Type 1/0O Logic A I/O Logic B 1/0 Logic C 1/0 Logic D

x2 gearing (A/B pair) IDDRX2 or ODDRX2 | Not available Basc I/O registers or Basic I/O registers o
x1 gearing x1 gearing

x2 gearing (C/D pair) Basic I/O registers or | Basic I/O registers or | IDDRX2 or ODDRX2 | Not available

x1 gearing x1 gearing

x4 gearing IDDRX4 or ODDRX4 | Not available Basic I/O regters orx1 | Basic I/O registers o
gearing x1 gearing

7:1 gearing IDDRX71 or ODDRX71 Not available Basic I/O registers o1l | Basic I/O registers o
gearing x1 gearing

7.2. HighSpeed ECLK Bridge

The highspeed ECLK bridge is used to enhance communiicafiECLKSs across thiechXO3Rievice and is mainly

used for highspeed video applications. The bridge allows a clock source to drive the edge clocks on the top and bottom
edges of the device with minimal skew. The inputs to the bridge include primanly gilos from the top and bottom

sides, PLL outputs from both sides, and clock tree routings.

Two bridge muxes are available in the ECLK bridge: one for each ECLK on the same side of the device. These muxes
allow dynamic switching between two edge clodRefer toMachXO® sysCLOCK PLL Usage GHBE&ATN-02070)
for ECLK bridge connectivity details.

The ECLK bridge supports all the generic-Bged interfaces except the higipeed x2 andx4 receive interfaces. The
ECLK bridge component must be instantiated in the design in order to use the bridge function or to use it for routing
purpose.

7.3. Reset Synchronization Requiremen

The generic DDR interfaces are built with multiple dedida&ircuits that are optimized for higbpeed applications. It is
therefore necessary to make sure all the components, such as CLKDIV and IDDR/ODDR, start with the-spesel high
edge clock cycle to maintain the clock domain crossing margin betweerasBCSCLK, and to avoid busdnitier
scrambling due to the various delay of the reset pulse.

The ECLKSYNCA component and a particular reset sequence are required to guarantee a successful system
implementation for interfaces using?, x4, and 7:1 gearing&igure?7.1 and Figure7.2 show the timing requirements

for receive interfaces and transmit interfaces. The RX_STOP or TX_STOP signal must be connected to the STOP port of
the ECLKSYNCA component. The RX_RST or the TX_RST should be connected to the reset port of the ODDR/IDDR and
CLKDIV components. The RX_ECLK or TX_ECLK are the outputs of the ECLKSYNCA components. It is necessary to hav
minimum of two ECLK cycles betwethe RST and STOP signals as shown in the figures below. The receive interface
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reset process should not start until the transmit interface reset process is complete in a loopback implementation. The
clock signal used to generate the minimum two ECLK dalaye any clock that is slower than the ECLK frequency.

INIT [
LOCK for RX

PLL or DLL /
wee U
RX_STOP [

— — — - — —

?

X
=<
3
4
[ N R U

1
Minimum 2 Eak
J cycles 7

RX_READY ! ! / /

Figure7.1. Reset Synchronization for Receive Interfaces

TX_ECLK _/—\_/—\
TX_STOP [

|
|
|
|
T
|
|
TX_RST / f ‘i\
I Minimum 2 ECLIK

I K cycles ?

e
TX_READY / /

Figure7.2. Reset Synchronization fdrransmit Interfaces

— — — - — - — —

These timing requirements are built into the generic DR2R4/7:1 modulesvhen they are generated by IR@ess.

The RX_STOP/TX_STOP, RX_RST/TX_RST, and RX_ECLK/TX_ECLK assntheratisggmodules are generated

by IPexpress. The reset timing requirements must be followed and implemented in RTL code when the generic DDR
interfaces are built outside of IPexpress.

7.4. Timing Analysis for Higlspeed GDDR Interfaces

You mustun Statt Timing Analysis in the software for each of the féghed interfaces. This section describes the
timing preferences to use for each type of interface and thpeeted Trace results. The peeénces can either be
entered directly in the preference filelff file) or through the Spreadsheet View graphical user interface.

TheMachXO3[External Switching Characteristics sectioMaichXO3D Family Data Sheet (FRIE82026)should ke
used along with this section. The data sheet specifies the actual values for these constraints for each of the interfaces.
7.4.1. Frequency Constraints

You musexplicitly specify FREQUENCY (or PERIOD) PORT preferences to all input clocks in the qesigneiites
may not be required if the clock is generated out of a PLL or DLL or is input to a PLL or DLL. R&entrithéeligh
Speed DDR Interfacsection of this document for all the clock pin and clock raytiequirements.

7.4.2. Setup and Hold Time Constraints

All of the receive interfaces can be constrained with setup and hold preferences.
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Receive Centered Interfac&igure7.3 shows the data and clock relationship foReceive Centered Interface. Since
the clock is centered to the data, it often provides sufficient setup and hold time at the device interface.

wame\ / \

|
999 OOKIXX) QORKIXX)
G g

|
RXCentered >

| |
tsu | tHo tsu | o

Figure7.3. Receiver RX.CLK.Cerad Waveforms

Youmust specify in the software preference the amount of setup and hold time available. These parameters are listed
in the figure asdu(setup time) andydo(hold time). They can be directly provided using the INPUT_SETUP and HOLD
preferene as shown below:

I NPUT_SETUP PORT fADatad <t SU> ns HOLD <tHO> ns CLKPORT AClI

Where: Data = Input Data Port; CLK = Input Clock Port.

TheExternal Switching Characteristics sectioMafthXO3D Family Data Sheet (FRE82026)specifies the

minimum setup and hold times required for each of the kigleed interfaces running at maximum speed. For designs
not running at the maximum speed, the Static Timing Analysis tool in thea@ftvan be used to calculate the setup
and hold time values.

Using a GDDRX2_RX.ECLK.Centered interface runninghdiH2%3 an example, the preference can be set like this.
The software will provide the minimum requirement gfiand tiofor the interfac.
INPUT_SETUP PORT Data 0.500000 ns HOLD 0.500000 ns CLKPORT "CLK";

Receive Aligned Interfacd-igure7.4 shows the data and clock relationship for a Receive Aligned Interface. The clock is
aligned edgeo-edgewith the data.

RX CLK Input ' \'\ /
or DQS Input | |

RX Data Input OOOPON0 OOOPON0 9999999,
or DO Input ’o’o’o’o’o’o’o‘-’o’o’o’o’o’o’o‘-’o’o’o’o’o’o’o‘
| | | |
RXAligned tbva :—h | :_’I |
| |
tbve I g I g

Figure7.4. Receiver RX.CLK.Aligned Input Waveforms

The worst case data may occur after the clock edge, and therefore has a negative setup time when entelengée
For this interface, the worst case setup time is specifiethlay Wwhich is the data valid after the clock edge. The worst
case hold time is specified as¢ which is the data hold after clock. The setup and hold time for this interface can be
specified as below.

INPUT_SETUP PORT Data< -t DVA > ns HOLD < tDVE> ns CLKPORT ACLKO;

Where: Data = Input Data Port; CLK= Input Clock Port
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A negative number is used for SETUP time as the data occurs after the clock edge in this ¢aderidieSwitchig
Characteristics section 8achXO3D Family Data Sheet (FRIE02026)specifies the maximunbyaand minmum

tovevalues required for each of the higipeed interfaces running abaximum speed. The data sheet numbers for this
preference are listed in Ul (Unit Intervals). One Ul is equal to half of the clock period. Hence these numbers will need to
be calculated from the clock period used.

For the GDDRX2_RX.ECLK.Aligned intendacéng at a speed of 25@Hz (Ul = 2.@s)
tova= 0.32Ul = 0.64s, bve= 0.70Ul = 1.4ns

The preference for this case is:
INPUT_SETUP PORT Data - 0.640000 ns HOLD 1.400000 ns CLKPORT "CLK";

Receive 7:1 LVDS InterfacBhe 7:1 LVDS interface iaraque GDDR interface, which uses one cycle of the pixel clock
to align the seven data bitEigure7.5 shows the timing of this interface, whergstis the input stroke posibn for bit i.

For this interface, th maximum setup time for bit0 is specified by thestmin, while the minimum hold time is
specified asgpsomax. Thegpsimin and kpsimax form the boundary of the input strobe position for bit i of this
interface. The values can be found in the BEx&tiSwitching Characteristics sectmiiMachXO3D Family Data Sheet
(FPGADS02026)
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I
RN G 0 . 0 0 O Y
t | I
| "RPBO (n]ln) I
¢ > I
I trpBo (max) |

| |

| |

| |

| |

| |

: trpai (min) | |
|

| tepe1 (may :

e »
il Lal

I trpas (min)

&

I
I
I
I
I
I
I
I
I
I
I
']
Lag

!‘tRPBG (max)
Figure7.5. Receier GDDR71_RX. Waveforms

It is recommended to usBisplay Interface Reference Design for 7:1 interface implementation (RD1093)
Receive Dynamic InterfaceStatic Timing Analysishinot show timing for all the dynamic interface cases asditiger
the clock or data delay isydamically updated at run time.

7.4.3. Clockto-Out Constraints

All of the transmit (TX) interfaces can be constrained with eloakut constraints to detect theelationship between
the clock and data when leaving the device.

Figure7.6 shows how the clocko-out is constrained in the software. Minimuradis the minimum time after the clock
edge transition that the datavill not transit. So any data transition must occur between tkgminimum and
maximum values.
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t, Min 3|

N A1 T

I

|

|

t, Max 2

t.o Min = Data cannot transition BEFORE Min
t.o Max = Data cannot transition AFTER Max

Figure7.6. tcoMinimum and Maximum Timing Analysis

Transmit Centered Interfaced he transmit clock is expected to be centered with the data when leaving the device.

Figure?7.7 shows the timing for a centered transmit interface.
TX CLK Output \ '/ \'
ty
I<—>I

TX Data Output
) XX .. e .. S

TXCentered I' ' ¢ > ¢ ' ' 'I

| |
tove | lova tove | ova
| |

Figure7.7. Transmitter TX.CLK.Centered Output Waveforms

Figure7.7 shows that the maximum value after which the data cannot transtbig The bysis also the data valid

before clock edge value. minimum value before which the data cannot transitior(is+ tovg, Where tis the

period of time the data is in transition. This is also the data valid after clock value. A negative sign is used because in
this particular case where clock is forwatticenteredaligned to the data, these two conditions occur before the clock
edge.

MachXO3D Family Data Sheet (FIXER2026)specifies thedvsand pvavalues at maximum speeBut we do not
know the {, value, so the minimumcbcan be calculated using the following equations

tcoMin. =-(tove+ tu)
T =bvat tove+ tu

(tove+ ) =bva- T

tcoMin. =bva- T

The clockto-out time in the software can be specified as:
CLOCK_TO_OUT PORT -iDVBXMIN<tDMAX1/<2 Cl ock Period> CLKPORT f@CLEK
PORT ACl ocko;

Where: Data = Data Output Port; Clock = Forwarded Clock Output Port; CLK = Input Clock Port

The values forgsand thyacan be found in the External Seliing Characteristics sectionldfichXO3D Family Data
Sheet (FPGRS02026)for the maximum speed.

For a GDDRX2_TX.SCLK.Centered interface runningdH25the preference woulde:
CLOCK_TO_OUT PORT "Data" MAX - 0.670000 ns MIN - 1.330000 ns CLKPORT "CLK" CLKOUT PORT
"Clock";
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Transmit Aligned Interfacedn this case, the clock and data are aligned when leaving the d€igeee7.8 shovsthe
timing diagram of this interface.

| \I /
TX CLK Output A
| |

TXAligned

|
>

|
g | bia

Figure7.8. Transmitter TX.CLK.Aligned Waveforms

|
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>

[

|
g | bia

Figure7.8 shows that maximum value after whitlhe data cannot transition it Ths is the data invalid after the
clock value. The minimum value before which the data cannot transiti@pdsvhich is also the data invallzefore
the clock value. A negative sign is used for the minimum valoause the minimum condition occupgfore the clock

edge.

The clock to out time in the software can be specified as:

CLOCK_TO_OUT PORT
Where: Data = Data Output Port; Clock = Forwarded @aogsut Port; CLK = Input Clock Port

fiDat ao -MBIXBxt OL KPOMRIT Ni€LKo CLKOUT PORT

The biaand igvalues are available in the External Switching Characteristics settitaxchXO3D Family Data Sheet
(FPGADS02026)for maxinum speed.

For a GDDRX2_TX.Aligned interface running aV%8, bia= tois= 0.215ns. The preference would be:
- 0.215000 ns CLKPORT "CLK" CLKOUT

CLOCK_TO_OUT PORT "Data" MAX 0.215000 ns MIN

PORT " Cl ocko;

Transmit 7:1 LVDS Interfac&he 7:1 LVDS inteda is a unique GDDR interface,igthuses one cycle of the pixabck
to transmit the seven data bit&igure7.9 shows the timing of this interfaceoFthis interface, the transmibutput
pulse position for bitds bounded by therbgomin and tpsomax. The values fordgicanbe found in theExternal
Switching Characteristicection ofMachXO3D Family Data Sheet (FRXE02026)
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7.4.4. Timing Rule Check for Clock Domain Transfers

Clock Domain Transfers within the IDDR and ODDR modules are checked by Trace automatictilysetetenents
are used in a design. Clock domain transfers occur in the GBBR 7:1 malules where there are fastspeeshd
slow-speed clock inputs.

No special preferences are needed to run this clock domain transfer check in the software. Tlleclacktranger
checks are automatically done by the software and reported in the Trace regdR8 NJ 1 KS A SO0 Ruky OF f f
/| KSOl1é¢d ¢KS NBLRNI fAada GKS lswhekey Blockdddindransfeccurs.y Lddzi | y R
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8. DDR Softwee Primitives and Attributes

Software primitives used for all the generic DDR interfaces implementation are discngkedsection. The primitives
are divided according to their usage. Some of them are used for generic 2ffRcigs and others are corat
functions. The DDR input primitivase discussed first, followed by the D@Rtput primitives, then the DDBontrol
logic primitives.

Table8.1. MachXO3[DDR Software Primitives

Type Primitive Usage
IDDRXE Generic DDR1
IDDRX2E Generic DDR2
Datalnput :
IDDRX4B Generic DDR4x
IDDR71A Generic DDR 7:1
ODDRXE Generic DDR1x
ODDRX2E Generic DDR2x
Data Output -
ODDRX4B Generic DDR4x
ODDR71A Generic DDR 7:1
DLL DQSDLLC Master DLL foGenericx2 andx4
DELAYD Delay block with dynamic control for Genexz, x4
Input Delay DELAYE Delay block with fixed delays for Generic DI2Rx2, x4
DLLDELC Clock slave delay cell for Generic DR2Rx4

8.1. Input DDR Primitives

The input DDR pmiitives represent the modules used to capture both the GDOR. ddere are several modes fie
DDR input registers to implement different gearings for GDDR interfaces. #ar ddlta ports of the input primitives,
QO of the parallel data is the firbit received.

8.1.1. IDDRXE

The primitive implements the input register blockxh gearing mode. This ised only for the generic DDR interface
(gearing ratio 1:2) available on all sides of ia@chXO3Rleviceslt uses a single clock sour&CLK, for thengire
primitive so it does not involve a clock domain transfer.

IDDRXE
—»{ SCLK QL
—» RST

Figure8.1. IDDRXE Symbol

The internal register structure for this primitive is based on the basic PIO cell,vas Bhieigure2.1. The first set is the
DDR register to capture the data at both edges of the SCLK. The second set is the synchronization registers to transfer
the captured data to the FPGA core.

8.1.2. IDDRX2E

The primitive implements the input register block %2 gearing mode. This ised only for the generic DDR interface
(gearing ratio 1:4) on the bottom side of the device. Its registers are dasignuse edge clock routing ¢ine GDDR
interface and the systematk for FPGA core. The edge clock is cardeao the ECLK port, while thgstem clock is
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connected to the SCLK port. Thiswitive can be used on both/B a C/D pairs of I/O cells at tHmottom side of the
device.

IDDRXE
QO ——»
—» D QL —»
—» ECLK QR +—>
—»{ SCLK B>
—»{ RST
— ALIGNWD

Figure8.2. IDDRX2E Symbol

The internal register structure for this primitive is based on the video PIO cell, as shown in receiveRigiineat2.

The first set of the regters is the DDR register to capture the data at both edgéiseoECLK. The second set is the
synchronization registers to hold the data ready for clock domain transfer. The third set of registers performs the clock
domain transfer from ECLK to SCLK.

8.1.3. IDDRX4B

The primitive implements the input register blockx#h gearing mode. This ised only for the generic DD interface
(gearing ratio 1:8) on the bottom side of the device. Its registers are designesktedge clock routing ahe GDDR
interface aml the system clock on the FPGA side. The edge clochrisated to the ECLK port, whilee system clock
is connected to the SCLK port. This primitive can only be usdteoWB pair of the 1/0 cells #tte bottom side of the
device.

IDDRXB
Q —>»
—>»D Ql—»
—»ECLK QR >
—»SCLK QB +—>
—»RST
—»ALIGNWD A —>
QB —r
Q6 —»
Q>

Figure8.3. IDDRX4B Symbol

The 1:8 gearing of IDDRX4B uses two of the 1:4 gearing and shares thardiasacture with IDDRX2E. Timernal
register structure for this primitive is based on thde® P10 cell, as shown in edee path ofFigure2.2. Thefirst set of
registers is the DDR register to capture the data at both edges of thi€. HGe second set of registers
synchronization registers to holtié data ready for clock domain transfer. The third set of registeroped theclock
domain transfer from ECLK to SCLK.

8.1.4. IDDRX71A

The primitive implements the input register block in 7:1 gearing mode. Thieéanly for the generic DDR 71
interface (garing ratio 1:7) on the bottom side of the device. Its registers are dedigmuse edge clock routing dine
GDDR interface and the system clock on the FPGA side. The edge clookdserbto the ECLK port, whilge system
clock is connected to the K port. This primitive, like the input x4 giegr primitive, can only be usexh the A/B pair
of the PIO cell ahe bottom side of the device.
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IDDRXIA

—»{D Q—

—»{ ECLK Qr—
QR—>

—>»{SCLK B |—s

—» RST AU+—»

—>{ ALIGNWD B—r
B—>

Figure8.4. IDDRX71A Symbol

The 17 gearing of IDDRX71A shares the same architecture as the 1:8¢gefiihe IDDRX4B primitive dépends on
an internal control signal to select three bits or four bits data at a time. The internal regfisieturefor this primitive
is based on the dieo PIO cell, as shown in the receive patRighire2.2. The first set of the registeiis the DDR
register to capture the data at both edges of ECLK. The secorgltbetsynchronization registets hold the dda
ready for clock domain transfer. The third set of registers perfdiraslock domain transfer frolBCLK to SCLK.

8.2. Output DDR Primitives

The output DDR primitives represent the output DDR module used to multipterlata streams before sendirigem
out to the GDDR interface.

8.2.1. ODDRXE

This primitive will implement the output register blockxh gearing mode. itan be used in all sides of tMachXO3D
devices. A single primary clock source, SCLK from the FR&G A ased for this primitive.

ODDRXE

—> D0 Q—»
—» D1
—» SCLK
—» RST

Figure8.5. ODDRXE Symbol

The internal register structure for this primitive is based on the basic PIO cgtipa® inFigure2.1. The SCLKused
to multiplex between the it parallel data to generate a serial data stream.

8.2.2. ODDRX2E

The primitive implements the output register blockxa gearing mode. This ised only for the generic DDR
interface (gearing ratio 4:1) on the top side of the @evilts registers are designed to use the system clock oRRt&A
side and the edge clock at the DDR interface. The edge clock is connected pmEGAkile the systentlock is
connected to SCLK port. This primitive can be used on both the A/B oaZs@fP10 cells at the top sidé the
device.
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ODDRZE

_> m
—>»{ D1 Qr—*
—>{ D2
—> D3
—»{ ECLK
— SCLK
—»{RST

Figure8.6. ODDRX2E Symbol

The internal register structure for this primitive is based on the video PIO cell, as shown in tygaxbnutFigure2.2.
The parallel data is registered by SCLK at the first set of registerchAtipdate, the parallel data @ocked in by SCLK
and is held by the second set of registers. The third set oftezgibas the d&a ready to bemultiplexed out as serial
data by the ECLK.

8.2.3. ODDRX4B

The primitive implements the output register block in x4 gearing mode. Thiedanly for the generic DDR
interface (gearing ratio 8:1) on the top side of the deviterdgisters are designed to use the system clock orFfPEA
side and the edge clock at the GDDR interface. The edge clock is teahtrethe ECLK port, while thesystem clock is
connected to the SCLK port. This primitive can only be used on'Bheadrof I/O cells at the togside of the device.

ODDR#%B

SRERBRRE

SRRRRReR!

Figure8.7. ODDRX4B Symbol

The internal register structure for this primitive is based on the video PIO cell, as shown in the tatbroitFigure
2.2. The parallel data is registered by SCLK at the first set of registerehAtgdate, the parallel data @docked in by
SCLK and is held by the second set of registers. The third setstdnefas the data ready to baultiplexed out as
serial data by ECLK.

8.2.4. ODDRX71A

The primitive implements the output register block in 7:1 gearing mode. Thie&anly for the generic DDR 71
interface (gearing ratio 7:1) on the top side of the devicerdtgsters are designetd use the system clock on ti&PGA
side and the edge clock routing on the GDDR interface. The edge clonkéstanl to the ECLK port, whilge system
clock is connected to the SCLK port. This primitive can only be used &vBt pair of I/O cells at thiop side of the
device.
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ODDRXIA

ECLK
SCLK
RST

by

Figure8.8. ODDRX71A Symbol

The 7:1 gearing of ODDRX71A shares the same architecture as the & géére ODDRX4B primitiiédepends on
the internal control signal to select the three or four bits of data at a tiondransmission. The internatgister
structure for this primitive is based on the video PIO cell, as shown in the transmit gaitjuoé2.2. Theparallel data
is registered by SCLK at the first set of registers. At each updateatakel data is clocked in ISCLK and is held by
the second set of registers. The third set of registers has #te ikady to be multiexed outas serial data by ECLK.

8.3. DDR Control Logic Primitives

The DDR primitives discussed below include the DLL and the delay elefentelay elements are for dapaths or
the clock slave delay paths.

8.3.1. DQSDLLC

The DQSDLLC is thedrip DLL, which gerates the 90° phase shift reqeid for the DQS signal. Only oBQSDLLC
can be used for the DDR implementations on-baéf of the device. The clock input to this Dhbwdd be at the same
frequency as the DDR interface. The DQSDLLC generates théaedd on this clock frequeneynd the update

control input to this block. The DQSDLLC updates the dynanaig cehtrol code (DQSDEL) to eLDELC block when
this update control (UDDCNTLN) input is asserted. Otherthisejpdate will be in the holdondtion. The active low
signal on UDDCNTLN updates thek phase using DQSDEL delay.

DQSDLLC
LOCK —»
—» CLK
—» RST DQSDEL [—»
—»{ UDDCNTLN
—» FREEZE

Figure8.9. DQSDLLC Symbol
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Table8.2. DQSDLLCdpials

Signal I/O Description

CLK I Input clock to the DLL, same frequency as DDR interface

RST I DLL reset control

UDDCNTLN | Update/hold control to delay code before adjustment. Active low signal updates the delay code.
FREEZE I Use to freeze or relese DLL input CLK

LOCK (0] DLL lock signal

DQSDEL | O DLL delay control code to slave delay

The DQS delay can be updated for PVT variation using the UDDCNTLRNhie@®@SDEL is updated when the
UDDCNTLN is held low. The DQSDEL can be updated whennsasaagi@xpeted. It can be updated anytimexcept
during a READ or WRITE operation.

The FREEZE input port of this component is used to freeze or reled3klth&vhen FREEZE goes highdéhee will
freeze the DLL to save power while the delay codedsgwed. When REEZE goes low, it will reledise DLL to
resume operation. FREEZE must be applied to the DQSDLLC before the clock stops.

By default, this DLL will generate & @Dase shift for the DQS strobe based on the frequency of the input reference
clock to the DLLYoucan control the sensitivity to jitter by using the LOCK_SENSYT&ribute. Thisonfiguration bit
can be programmed to be either HIGH or LOW. Lock_sensitivityriié@hs more sensitive to jittelt is recommended
that the bit beprogrammed LOW.

The DQSDLLC supports a wide range of frequencies up to 400 MHz. The FIN a#isibacisged with this primitive
allowsyouto set the DLL frequency. It is possible to bypass the Dkihdogrocess when the frequenbgcomes very
low. Theattribute FORCE_MAX_DELAY can be used $qgpuhpose. When FORCE_MAX_DH4 gef in the software,
the DLLdoesnot go through the locking process. Inste&l Lis locked to maximuntdelay steps. The effect of the
FORCE_MAX_DELAY attribsiteotreflected in the $mulation model. The simulatiomodel always models the 90
phase shift for DLL.

Table8.3. Attribute for DQSDLLC

Attribute Description Values Software Default
LOCK_SENSITIVITY Jitter sensitivity High, Low Low
FIN Input clock frequency of DLL Range supported by DLL 100 MHz
FORCE_MAX_DELAY | Bypass DLL locking procedure at low | Yes No No
frequency and sets the maximum dela
setting
8.3.2. DELAYE

Input data going to the DDR registers can optionally baydsl using thelelay block, DELAYE. Thet@2DELAYE block
is used to compensate for clock injection delay time. The amouitfteofielay is determined by theoftware based on
the type of interface implemented using the attribute DEL_NEO¥buare allowedto set thedelay by choosing the
USER_DEFINED mode for the block. When in UEERIED modgpu must manuallyset the number of delay steps
to be used. Each delay stay would generate ~105pelay. It is recommended tase the PREDEFINED mode for all
generic DDR interfaces. If an incorrect attribute vakiased for a given interfacthe DELAYE setting will be incorrect
and the performance of the DDR @nface will not be optimal. THBELAYE block is applicable to the receive mode of
the DDR interface It is availabléor all input register paths all sides of MachXO3RQievice.
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DELAYE
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Figure8.10. DELAYE Symbol

Table8.4. DELAYE Sigls

Signal 110 Description
A I DDR input from sy&D buffer
z (@) Output with delay

Table8.5. DELAYE attributes
Attribute Description Values Software Default

SCLK_ZEROHOLD
ECLK_ALIGNED
Fixed delay value depending on ECLK_CENTERED

DEL_MODE interface and usedefined delay values| SCLK_ALIGNED USER_DEFINED
SCLK_CENTERED
USER_DEFINED

DEL_VALUE Userdefined value DELAYXDELAY31 DELAYO

Table8.6. DEL_MODE Mas Corresponding to the GDDR Interface

Interface Name DEL_MODE Values
GIREG_RX.SCLK SCLK_ZERHOLD
GDDRX1_RX.SCLK.Aligned SCLK_ALIGNED
GDDRX1_RX.SCLK.Centered SCLK_CENTERED
GDDRX2_RX.ECLK.Aligned ECLK_ALIGNED
GDDRX2_RX.ECLK.Centered ECLK_CENTERED
GDDRX4_RX.ECLK.Aligned ECLK_ALIGNED
GDDRX4_RX.ECLK.Centered ECLK_CENTERED
GDDRX71_RX.ECLK.71 Bypass
GOREG_TX.SCLK N/A
GDDRX1_TX.SCLK.Centered N/A
GDDRX1_TX.SCLK.Aligned N/A
GDDRX2_TX.ECLK.Aligned N/A
GDDRX2_TX.ECLK.Centered N/A
GDDRX4_TX.BCALIGNED N/A
GDDRX4_TX.ECLK.CENTERED N/A
GDDRX_TX.ECLK.7:1 N/A

8.3.3. DELAYD

At the bottom side of the device, input data going to the DDR registers cabaldelayed by the DELAYD bldgklike
the DELAYE block where the delay is determined duringpkeationof the device, the DELAYD blatlowsyouto
control the amount of data delay while the device is in operation. Bloisk receives bit (32 taps)delay control. The
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5-bit delay is dynamically controlled by the user logic throtighdelay port Each delay stewould generate ~105 ps
of delay.

DELAYD

DEK
DEB
DER
DEL
DED

Lyl

Figure8.11. DELAYD Symbol

Table8.7. DELAYgnals

Signal 1/0 Description

A I DDR input from 1/O buffer

DEL4, DEL3, DEL2, DEL1, DEI | Dynamic delay input port from FPGA logic
z (0] Output with delay

8.3.4. DLLDELC

This is the clock slave delay cell, which is used to generate a 90°delay inia# aigmed interfaces. The 9@8layis
calculated based on the input clock to the DQSDLLC element. The ohaetay required is based dhe delay
control code, DQSDEL, generated from the DQSDLLC.

DLLDELC

—>{ CLKI CLKO[—>
—>| DQSDEL

Figure8.12. DLLDELC Symbol

Table8.8. DLLDELC Signals

Signal 1/0 Description

CLKI I Data Input from 1/O buffer

DQSDEL I Dynamic delay inputs from DQSDLLC
CLKO (0] Output with delay
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