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& XILINX. Source Clocking Options

This feature is only available for regional clocking with dynamic phase alignment and
when dynamic phase alignment clock adjustment feature enabled.

SnkDPACIKDlyInc SnkDPACIKDIyCE

.< RDCIkO_User |
I SnkDPACIKDIyRst RDCIkDiv_User
BUFIO # RDCIk_P
10B
Rst Inc CE C
RDCIkDiv_User |
= IODELAY
I RDCIk_N
BUFR 10B
(BUFR_DIVIDE=2) (IDELAY_TYPE=VARIABLE) IBUFGDS
m—— === 1
_______ | ISERDES |
ol | !
| DSItnk &mctemtall | SnkData[63:0] and | ' RDaf15:0]& RCt [7
| Data & Contrel | [ Q D SnkCH[3:0] —1Q DI
Bus | | |
L I ' I
< RDCIKDiv_User | | RDCIKO User
[ [
| | .
RDCIkDiv_User
I <+
| I
L |
_________ 1
Internal Bus | b RStat[1:0] & RSClk OB
| RSt@iL:0]&RSC | Q

RDCIkDiv_User >

Enable at % (or 1/8) SPI-4.2 Rx data rate

[ Denotes 1/0 on User Interface

Figure 7-4: IDELAY on RDCIk for DPA Clock Adjustment

Source Clocking Options

The SPI-4.2 solutions deliver clocking circuitry external to the Source core. This is called
user clocking mode. This mode allows a customized clocking solution to be created based
on individual system requirements or to share the full-rate system clock with multiple
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source cores. An example showing sharing of clock resources between sources using a
custom clocking module is illustrated in Figure 7-5.

SPI-4.2 Source Core

Custom
Clocking
Module

SPI-4.2 Source Core

Figurey7-5: Source Core User Clocking Example

An example file is provided (pl 4_sr c_cl k. [ v| vhd] ) to demonstrate the
implementation of a clocking module for the Source core. There are two examples of
clocking to choose from: global clocking and regional clock. Only regional clocking is
supported for a Source corednterfacing with a Sink core configured with static alignment.
See Appendix I, SPI-4.2 Source'Interface Timing Budget for an example of a Static
Alignment timing budget. Depending on the chosen clocking option, different clock
resources are used. Table 7-2 and Table 7-3 provide the clocking resource count for each
clocking option.

Users should utilize the LogiCORE IP Clocking Wizard to generate the optimum MMCM
instantiation for their specific data rate. See the.mainSPI=4.2 Answer Record for guidance
on how to generate an MMCM instantiation for the SPI-4.2 core using the Clocking Wizard
IP. The Clocking Wizard also provides jitter estimates indts summary page. This data can

be used to calculate the timing budget of the SPI-4.2 Source Interface. See Appendix I, SPI-
4.2 Source Interface Timing Budget for more information.

Note: Use regional clocking to generate SysClk for a better timing budget. See Appendix I, SPI-4.2
Source Interface Timing Budget for more details.

Table 7-2: Source Core SysClk Clocking for Virtex-7 and Kintex-7 FPGAs?2

Clocking Option BUFR BUFG MMCM
Regional clocking 1 0 0
Global clockingP 0 4 1

a. When Sink core is configured with static alignment, only regional clocking is supported for Source core.

b. Global clocking is only supported for source cores that send data to Sink cores that are configured with
Dynamic Phase Alignment.
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Source Clocking Options

Table 7-3: Source Core TSCIlk Clocking for Virtex-7 and Kintex-7 FPGAs

Clocking Option BUFR BUFG MMCM
Regional clocking 1 0 0
Global clocking 0 3 1

An illustration of the source user clock inputs and the source clock configurations are

shown in Figure 7-6. The inputs are defined in Table 3-11, page 51.

TDCIk_P ——

TDClk_N ——
TSClkaPr——
TSCK N —

User
Clocking
Example

Module

SPI-4.2 Source Core

SysCIkO_bufg

SysCIkDiv_bufg

SysCIk0_User

TSCIlk_bufg

\
| SysClkDiv_User
\

M_AXIS_SRCSTAT_ACLK

Figure 7-6: Source Core User Clocking Ports

Global Clocking

This option uses the MMCM and«global clock routing to generate and distribute a full-rate

clock (SysClk0_User) and a half-ratéclock (SysClkDiv_User). The global clock lines are

SPI1-4.2v12.2
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implemented differentially (LVDS) using the IBUFGDS primitive. This configuration is
illustrated in Figure 7-7 and Figure 7-8 showing data and status clocking.

MMCM SysClk_P
BUEG BUFG IBUFGDS 10B
SysCIk0_User /
= CLKOUTO CLKIN1
\ SysClk_N
BUFG 108
SysCIkDiv_User
== CLKOUT1
\ DcmReset_SysClk
RST 10B
SrcClksRdy_SysClk.
= LOCKED
CLKFBOUT CLKFBIN
BUFG
Locked_SysClk
- p—
r-———=— |
| OSERDES |
I source momal | ' '
| EZL:;CE g;:;?;l | SrcData[63:0] and I ! TDat[15:0] & TCtl Pad
I i » D Q SreCt[3:0] — D Q[ a
Bus | |
L —————— I I I
SysCIkDiv_User SysCIKDIV_User 4 |
> paky
SysCIkO0_User |
> |
| |
L L __ |
. Denotes 1/O on User Interface
Figure 7-7: SysClk Global Clocking
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Source Clocking Options

MMCM TSCIk_P
M_AXIS_SRCSTAT _ACLK BUF BUFS BUEEpS e
TSk bue) )]_ CLKOUTO CLKIN1
TSCIk_N
10B
DcmReset_TSClk
RST 0B
4SrcCIksty_TSCIk LOCKED
CLKFBOUT CLKFBIN
UFG
Locked" TSClk
-~ |
"2 W 1
I Internal Bus | TStat[1:0]
: TStat[1:0] :‘ @ D Pad

M_AXIS_SRCSTAT ACLK
(TSCIk_bufg)

. Denotes 1/0 on User Interface

Figure 7-8: | TSClk Global Clocking
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Regional Clocking

Regional clocking uses the regional clock buffer resources BUFIO and BUFR to generate

the full-rate clock (SysClk0_User) and half-rate clock (SysClkDiv_User). This

configuration is illustrated in Figure 7-9 and Figure 7-10 showing data and status clocking.
For 7 series designs, this clocking method adds restrictions on the placement of the Sink
core. See Regional Clocking Considerations, page 159 for more information

.< SysCIkO_User

BUFIO

.< SysCIkDiv_User

SrcClksRdy_SysClk
] o o

|-

BUFR |
(BUFR_DIVIDE=2)

| Source Internal

|'___|

OSERDES

SreData[63:0] and

Bus

Data & Control I—} D Q
| .

SysCIkDiv_User E

. Denotes I/0 on User Interface

Figure 7-9: SysClk Regional Clocking

SrcCil[3:0]

SysCIkO_User

|

|
SysCIkDiv_User | >

|

|

SysClk_P

.

10B

@ SysCIk_N

IBUFGDS

10B

L _

TDat[15:0] & TCHl E
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Clocking Guidelines

TSCIk_P
0B
M_AXIS_SRCSTAT _ACLK
[e—{TSCk bufg) |
SrcClksRdy_TSClk lsurk TSCK N [~
rc S -
<y— | .. | (BUFRDIVIDE=1) BUFGDS
Q D
R
GND
| 1
Internal Bus | TStat[1:0] Pad

|
: TStat[1:0] :<_Q D

———————— M_AXIS_SRCSTAT ACLK
(TSCIk_bufg)

. Denotes I/0 on User Interface

Figure 7-10: TSCIlk Regional Clocking

Clocking Guidelines

There are two parameters to consider when choosing the best clocking option for your
system:

¢ Clock frequency

e Available clock resources

Regional clocking can operate beyond/speeds of 1 Gbps, while global clocking with
MMCM can operate up to 1 Gbps. Regional clocking requires fewer clock resources than
global clocking with MMCM; howevet; it places an area restriction on the logic that uses
the regional clock.

For the maximum and minimum frequencies fordifferent clock resources (for example,
MMCM, BUFR), see the appropriate Virtex-7 or Kintex=7Z,FPGA Data Sheet.

Regional Clocking Considerations

The BUFR in 7 series devices can only be used to drive logic in a single clock region. The
SPI-4.2 core example design continues the use of the BUFR with 7 series devices. Usually,
the placement of the SPI-4.2 interface clock synthesis logic (as shown imSink Clocking
Options and Source Clocking Options) and the clock distribution selected for these clocks
drive the placement requirements for logic and I/O associated with the various user
interface clocks. Figure 7-11 and Figure 7-12 show all of the clocks associated with each
core, and which blocks of the SPI-4.2 core fall under each clock domain. Use these figures
as a guide to determine which portions of user logic and core logic will have placement
restrictions based on clocking distribution used for the core. For example, if Regional
Clocking is selected for the Sink SPI-4.2 Receive Data clock (RDCl kO_User and

RDCI kDi v_User ) and regional clocking is also desired for the Sink AXI4-Stream FIFO
interface clock (M_AXI S_SNKFF_ACLK), the user logic associated with

M_AXI S_SNKFF_ACLK and the Sink Data FIFO block must be placed in the same clock
region as the Sink Data Receive block and Sink Status Transmit block (clocked by

RDCl kO_User and RDA kDi v_User ). In the example design, all user clocks

SPI1-4.2v12.2
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(M_AXI S_SNKFF_ACLK, AXI _SNK_ACLK, S_AXI S_SRCFF_ACLK, and AXI _SRC_ACLK)
are distributed using Global Clocking resources and so they are not required to be placed
in the same clock region as the Sink or Source cores.

AXI SPI-4.2 Source Core
71— — — — — — /7 1
= ©
82 |  sysClkDv User _ |
o 7IE >
1.2 tvl SysCIk0_User -
28 € > |
=X O
239|
> Status and Control |
o G I |
T e — |
N |
50 |
g
.| | __S AXIS_SRCFF_ACLK o TDClk, |
W< | Ll Dail15.0 Lot
g Source Source at[15: ]»_ |
% S AXi4-Stream FIFO Interface Data FIFO Data Transmit TCH,
| > |
<Al
< |
2] I
| : I
< e | |
AN N [ |
M |
& juuM_AXIS_SRCSTAT_ACLK |
% g __(same as TSCIk) -
i X g' L~ Source !
o .
< 8: <AXI4—Stream StatusiInterface Stall=llogic !
= |
2 |
b & 4 ; ! _______ - Source 4_& |
| ________ y 1 Status Receive o [rStat[1:0] |
-y .
N4 |
o |
Q. AXI_SRC_ACLK Source [
Og | AXi4-Lite [
8 | AXl4-Lite Control Interface MemorySpace |
_
< |
< | |
—_— e — — —— — . _I e e e s e e e — — - - - = 4
| -
Ll
Figure 7-11: Source Care Clocking
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AXI SPI-4.2 Sink Core
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£ |
|
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R N e |
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T P Sink RStat[1:0
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Figure 712: Sink Core Clocking

Typically, a single SPI-4.2'Sink<ore.or a single SPI-4.2 Source core will use at most one-
third of the logic available in'a 7 series clock region, leaving the other two-thirds available
for user logic. However, there may be some cases where the user wishes to place additional
related logic in the two adjacent clock regions when using Regional Clocking. One
possibility is if the user logic associated with.the Sink or Source core requires more logic
than is available in the same clock region.in which.the core is placed.

The new BUFMRCE primitive provided in the 7 series family provides a solution. Though
the SPI-4.2 core example design does not use the BUEMRCE, the multi-region clock buffer
can be used to drive separate BUFRs in each clock region. For further information
regarding the use of the BUFMRCE with BUFRs in'7 series, see UG472, 7 Series FPGAs
Clocking Resources User Guide, Appendix A. One example of a BUEMRCE clocking scheme
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with the SPI-4.2 Source core is shown in Figure 7-13.

Clock Region
Boundary

SysClk_P

| User Logic
BUFR \\_/

SPI-4.2 Source Core

- SysCIk0_User

BUFIO

SysCIkDiv_User

cC
I

SysClk_N O
cc IBUFGDS BUFMRCE

RST

Clock Region
Boundary

Figure 7-13:

\i

BUFR
(BUFR_DIVIDE=2)

S_AXIS_SRCFF
_ACLK

\ 4

S_AXIS_SRCFF_*

AXI4-Stream
FIFO Interface

BUFR
(BUFR_DIVIDE=2)

k\j u

BUFMRCE Clocking Scheme

7 Series LVTTL Status I/0O Considerations

When targeting 7 series devices, the SPI-4.2 Sink and Source cores offer the option to use
either LVTTL or LVDS 1/0O for the status pins (RSCl k /RSt at and TSCl'k,/TSt at ). The
following points must be considered when using LVTTL Status 1/O with 7 Series devices:

¢ LVTTL is supported in High Range I/O banks only. LVDS (required for the SPI1-4.2
RDat /RCt | and TDat /TCt | pins and associated clocks) is supported in High
Performance banks, or in High Range banks as LVDS_25. Note that LVDS_251/0
pins cannot be placed in the same bank as LVITTL pins since their source voltages

(Vcco) differ.

¢ For Kintex-7 devices, High Range banks are always on the left side of the device (for
example, Banks 13 and 14), and High Performance banks are always on the right side

(for example, Banks 33 and 34).

¢ For Virtex-7 devices, High Range banks are always located at the lower left of the die
(for example, Banks 12 and 13). High Performance banks are located on both sides of
the die (for example, Bank 14 or 35). There are currently two Virtex-7 devices that
offer High Range I/O banks: XC7V585T-FF1761 and XC7VX330T-FF1761.
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Instantiating IDELAYCTRL Modules

* Regional Clocking cannot cross from one half of the device to the other, regardless of
use of BUFR and BUFMRCE buffers.

* Regional Clocking using standard BUFRs can drive logic in one clock region (that is,
one I/O bank) in 7 series, as described in Regional Clocking Considerations. If using
the BUFMRCE, Regional Clocking can clock the two adjacent regions/banks as well
(for a total of three clock regions).

Taking these points into account for 7 series devices, LVTTL status I/O cannot be used
when the Sink core uses Regional Clocking because the Sink status logic is driven by the
same clock (RDCl kDi v_User ) as the rest of the Sink core.

For the Source core, LVTTL status I/O cannot be used when either SysClk distribution or
TSClk distribution are Regional Clocking, because some signals used by the Source status
logic are created in the SysClk clock domain (Reset _n and Sr cEn).

Noteghat timing closure of the design is more challenging when using LVITL status I/O
because some paths may need to cross from one half of the device to the other. The
Example Design generated with the core provides an example of how timing closure can
be achieved in these cases using Area Group constraints. See Chapter 6, Constraining the
Core for details.

Instantiating IDELAYCTRL Modules

For Virtex-7 and Kintex7 FPGA SPI-4.2 designs, the IDELAYCTRLs must be instantiated
in the top-level corefile to calibrate the IODDELAY elements connected to the Sink SPI-4.2
interface signals: RDat [ 157 04 RCt | , and RDCl k.

The IDELAYCTRL modules existin every I/O column in every clock region. The numbers
of IDELAYCTRL modules needed ift the design depends on the number of banks where
RDat [ 15: 0] , RCt | , and RDCI kesignals are placed. For example, if RDat [ 15: 0] ,RCt I,
and RDC k are placed in two banks, then two IDELAYCTRL modules are needed. It is
necessary to only instantiate one IDELAYCTRL module--the duplication and placement of
the IDELAYCTRL is done automatically by the Vivado Design Suite. For this flow to work,
the IODELAY elements and the IDELAYCTRL forthese elements need to be grouped via
an IODELAY_GROUP constraint.

For more details about IDELAYCTRL usage andidesign guidelines, see the appropriate
Virtex-7 or Kintex-7 FPGA User Guide.

The following VHDL code segment illustrates how the IDELAYCTRL modules are
instantiated and connected in the design:

sictl : | DELAYCTRL
port map (
RST => Snkl del ayCt | Rst,
REFCLK => Snkl del ayRef O k_buf g,
RDY => Readyl
)

--- Ready signals are registered in RDO kD v_User clock donain.
--- The RDO kDiv_User is the output fromthe Sink Core

SPI1-4.2v12.2
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--- SnkldelayCtl Rdy is connected to the i nput SnkldelayCtl Rdy of sink
core

rrdyl : FDR
port map (
D => Readyl,
Q => Readyl_int,
C => RDO kD v_User i,
R => SnkldelayCl| Rst
)

register_rdy : process (SnkldelayClRst, RDC kDi v_User_i)

begin

if (SnkldelayCQtlRst = "1') then
Ready_i nt <= '0' after TFF;
Snkl del ayCt | Rdy <= '0' after TFF;

el sif (RDC kDi v_User _i'event and RDC kDiv_User i = "'1") then
Ready_i nt <= Readyl_int after TFF;
Snkl del ayCt | Rdy <= Ready_int after TFF;

end if

end process register_rdy ;

pl 4_snk_t op0: pl4_snk_top
port map(

RDC kDi v_User => RDA kDi v_User _i,
Snkl del ayCt | Rdy =>, Snkl del ayCt | Rdy,

164 www.xilinx.com SPI-4.2 v12.2
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Example Design

This section provides detailed information about the example design, including a
description of the file groups, the contents of the example HDL wrappers, and the
operation of the demonstration test bench.

Example Design‘Configuration

Inthe example design, a Loopback Module is connected to the user interface of the SP1-4.2
core. Typically, the user interface would be connected directly to the design. The SPI-4.2
Interface,which is the interface defined by the OIF-SPI4-02.1 specification, typically
connects to a'SPI-4.2 PHY layer device or network processor. Figure 8-1 shows the example
design modules’ atchitécture and interfaces to the SPI-4.2 core.
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Loopback Module SPI-4.2 Core

Read Module

M_AXIS_SNKFF_TREADY

Ready M_AXIS_SNKFF_TVALID

» Read Logic

A

M_AXIS_SNKFF_TDATA .
M_AXIS_SNKFF_TID 5 fg‘t':eam

M_AXIS_SNKFF_TKEEP FIFO Interface
M_AXIS_SNKFF_SOP

M_AXIS_SNKFF_TLAST
M_AXIS_SNKFF_ERR

A A A A

A A

Write Module

N S_AXIS_SRCFF_TVALID

Y

Write Logic
S_AXIS_SRCFF_TREADY

A

S_AXIS_SRCFF_TDATA
S_AXIS_SRCFF_TID i
AXl4-Stream
S_AXIS_SRCFF_TKEEP FIFO Interface
S_AXIS_SRCFF_SOP
S_AXIS_SRCFF_TLAST
S_AXIS_SRCFF_ERR

4

Register:
Banks

YYVYYVYY

Figure 8-1: ExampleDesign Configuration

Loopback Module

The Loopback Module connects to the user interface'of the SPI-4.2 Sink and Source cores.
There is a Read Module that accesses packet data from the Sink AXI4-Stream FIFO
interface and a Write Module that transfers data into the Source AXI4-Stream FIFO. The
Write Module checks S_AXI S_SRCFF_TREADY to determine whéther it can transfer data
into the Source FIFO. The Read Module also accesses Source core statusinformation using
either the AXI4-Lite Control interface or the AXI4-Stream Status interface (depending on
Status mode selected) and then passes this information to the Write Module to be written
into the Sink AXI-4 Lite Control interface to update the Sink status.

Basic Loopback Operation

When the Source FIFO is not Almost Full (S_AXI S_SRCFF_TREADY is asserted), the Write
Module passes a registered version of S_AXI S_SRCFF_TREADY to the Read Module. This
Ready is used in the Read Module to complete the AXI4-Stream TREADY/TVALI D
handshake on the Sink FIFO interface. The data is then registered twice in the Write
Module and written into the AXI4-Stream interface of the Source FIFO. The transfer of data
continues until the Source FIFO becomes almost full or the Sink FIFO becomes empty. If
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the Source FIFO becomes almost full (TREADY de-asserts), the transfer of data between the
FIFQOs is stalled immediately. One additional data beat is read from the Sink FIFO and held

in the registers until the Source FIFO re-asserts TREADY.

Demonstration Test Bench

The demonstration test bench emulates a PHY device by generating and receiving packet
data across the SPI-4.2 interface. The interface between the demonstration test bench and

the SPI-4.2 core is illustrated in Figure 8-2.

SPI-4.2 Core Demonstration
Testbench

Data
Monitor

Sink Core
Sink Static Config Signals

SrclnFrame

RDCIk_P

RDCIk_N

RDat_P

User SPI-4.2
Sink Sink
Interface Interface

RDat_N
RCHl_P
RCHl_N

A A A A A AL

|-
L

T

|

I

T

I

I

1

I

T

RSClk 5 ( I

RStat |1

Source Core Source Statie.Config Signals

A

Stimulus

TDCIk_P Module

TDCIk_N
TDat P

TDat N

TCH_P

User SPI-4.2 TCtl'N I
Source Source u

Interface Interface TSCIk ¥

TStat !

A A

IdleRequest i

TrainingRequest I
1

A A

SnkDip2ErrRequest

A

Status
Monitor

A 4

SnkinFrame

Figure 8-2: Demonstration Test Bench Connections
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The modules for sending data and status are described in Customizing the Demonstration
Test Bench later in this section. As described below and shown in Figure 8-3, the

demonstration test bench consists of the following modules:

¢ Clock Generator
e Startup

e Stimulus

e Data Monitor

e Status Monitor

e Testcase

Clock
Generator

!

Demonstration Testbench

v

Data h 4
Monitor SrcinFrame
< Static Config. Signals
Testcase
< liCDat Package
L TCCHl
FFWriteEn
<
SopErr
< p
TCStat
<
. L TCChan
Stimulus Testcase
Module » TCldleRequest Module
» TCTrainingRequest
» TCSinkDip2ErrRequest
» TCDIP2Request
CtlFull
GetStatusChan
GetStatus
Procedures
FullVec
Status SnkinFrame
Monitor

Figure 8-3: Test Bench Modules
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Clock Generator

The Clock Generator creates all of the clocks that are used in the Design Example,
including Sysd k, RDA k2x, User O k, TSCl k, and Snkl del ayRef O k. These clocks are
described in more detail in Table 8-1.

Startup Module

The Startup Module contains three functions: MMCM setup, calendar loading, and
Dynamic Phase Alignment (DPA) Initialization. These functions are described in detail in
the following sections.

MMCM Startup

The MMCM Startup is a state machine that ensures that the MMCMs are reset in the
appropriate order. If they are not reset appropriately, the MMCMs will not lock. The
Startup Module first asserts DCVMReset _TDCl k. Once Locked_TDC Kk is asserted, it resets
DCMReset _RDC k. Then it waits for Locked_RDC k before asserting DCMReset _TSCl k.
After Locked TSC Kk is asserted, the state machine waits until the SnkCl ksRdy and

Sr cCl ksRdy signals are asserted. The Reset _n, AXl _SNK_ARESETN,

AXI _SRC _ARESETN, M AXI S _SNKFF_ARESETN, and S_AXl S_SRCFF_ARESETN
signals are’deasserted only after this occurs. All operations are performed in the SysCl k
domain.

SPI-4.2 v12.2 www.xilinx.com 169
UG784 July 25, 2012


http://www.xilinx.com

Chapter 8: Example Design & XILINX.

Count< 8 Count< 8 &
Locked_TDCIk =0

TDCLK_RST
DCMReset_TDClk = 1
DCMReset_RDClk =0
DCMReset_TSClk =0
Reset_n=0

TDCLK_LCK
DCMReset_TDClk = 0
DCMReset_RDClk = 0
DCMReset_TSClk = 0
Reset_n=0 ocked, TDClk =1

Count=8

Count=8

SysReset_n=0
GSR=0
—_—

RDCLK_RST
DCMReset_TDClk =0
DCMReset_RDClk = 1
DCMReset_TSClk = 0
Reset_n=0

IDLE
DCMReset TDClk'= 1

DCMReset_RDCIk = 0
DCMReset SClk =0

Reset n=0

Count<8

Count=8

RELEASE_RST
DCMReset_TDClk =0
DCMReset_RDCIk = 0
DCMReset_TSClk = 0
Reset_ n=1

RDCLK_LCK
DCMReset_TDClk = 0
DCMReset_RDCIk =0
DCMReset_TSClk =0
Reset_n=0

Count<8 &
Locked_RDCIk =0

SnkClksRdy =1 &
SrcClksRdy = 1

Count< 8 Locked_RDCIk =1

CLKS_RDY
DCMReset_TDCIlk =0
DCMReset_RDCIk =0
DCMReset_TSClk =0
Reset_n=0

TSCLK_RST
DCMReset_TDClk =0
DCMReset_RDClk =0

DCMResetuTSClk = 1
Reset n=0

Locked_TSClk =1

SnkClksRdy = 0 or
SrcClksRdy = 0

TSCLK_LCK
DCMReset_TDClk = 0
DCMReset_RDClk = 0

DCMReset_TSClk =0
Reset_n=0

Count<8 &
Locked_TSClk =0

Figure 8-4: Startup State Diagram

Figure 8-4 illustrates the nine states for this machine.

e IDLE Initial state after system reset (GSR); DCMReset _TDC K is asserted.
e TDCLK_RST Holds DCVReset _TDCl k for 8 cycles then releases it.

170 www.xilinx.com SPI-4.2 v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX.

Demonstration Test Bench

e TDCLK_LCK Waits for the Locked_TDdO k signal.

e RDCLK_RST Holds DCVReset _RDd k for 8 cycles then releases it
e RDCLK_LCK Waits for the Locked_RDCl k signal.

e TSCLK_RST Holds DCVMReset _TSCl k for 11 cycles then releases it.
e TSCLK_LCK Waits for the Locked_TSCl k signal.

¢ CLKS_RDY Waits for SnkCl ksRdy and Sr cCl ksRdy signals.

e RELEASE_RST Releases Reset _n, AXI _SNK_ARESETN, AXI _SRC_ARESETN,
M AXI S_SNKFF_ARESETN, and S_AXI S_SRCFF_ARESETN.

The MMCM reset duration in this sequence is used for general simulation only. In
hardware, the user must follow the MMCM reset duration as specified in the appropriate
data sheet:

e itp:/ /xilinx.com/support/documentation/7_series.htm

Calendar koader

The second. function of the Startup module is the logic to load the calendars. The
demonstration test bench reads the Sink calendar sequence and the Source calendar
sequence from two different files and loads this information into the calendars of the Sink
and Source cotes, using the AXI4-Lite Control interfaces, and into the Stimulus module. It
also loads the calendar into the Status Monitor so that it can identify which channel is
receiving statussThe calendar sequences can be modified [see Calendar Sequence Files
(Sink and Source), page 177].

DPA Initialization

The third function of the Staftupmodule is to initialize the Dynamic Phase Alignment
section of the Sink core. It is présent in the module only if Dynamic Alignment is selected
in the Vivado IP catalog system. It simply‘asserts the PhaseAlignRequest signal to the Sink
core for two cycles of User O k once the coreds out of reset.

Once PhaseAl i gnRequest is asserted, the dynamic alignment algorithm needs some
time before completing its alignment and asserting PhaseAl i gnConpl et e. This value is
dependent on the frequency of RDO k and when PhaseAl i gnRequest is asserted.

Stimulus Module

While the testcase and procedures modules are used to generate data’and status, the
stimulus module is used to actually send this data to the SPI-4.2 core. The stimulus module
either transmits data and status generated by the testcase module, orit directly transmits
training or idle data and framing status. In addition to sending status and data, the
stimulus module drives the static configuration signals defined in the testcase module. The
behavior of the stimulus module can be modified with the constants defined in the testcase
package.

The Stimulus module also performs the following operations:
* Sends training or framing if the core is out of frame

¢ Inserts periodic training on RDat

¢ Ensures minimum SOP spacing is met

* Calculates DIP2 and DIP4 values

* Drives Source core request signals
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* Merges SOP and EOP control words

The Stimulus module has two status inputs: Snkl nFr ane and Sr ¢l nFr ane. If

Snkl nFr ane is deasserted, the stimulus module sends training patterns over RDat until
Snkl nFr anme is asserted. If Sr cl nFr ane is deasserted, the stimulus module sends
framing over TSt at until Sr ¢l nFr ane is asserted.

Procedures Module

The procedures module is a package of functions instantiated in the testcase module to
simplify sending data and status to the stimulus module. Using these functions, you can
create any desired sequence of data or status. The method by which functions are called
varies among languages, and is described in the appendices.

The following functions are supported in the procedures module:

¢ ssend_packet Used to transmit an entire packet of data. This procedure will always
send an SOP control word before the burst of data and an EOP control word following
the data burst.

¢ send_user data Used to transmit a burst of data. The presence of an SOP control
word (before the burst of data) and an EOP control word (following the data burst)
can be specified. The EOP can optionally specify an abort (ERR).

e send_idles Used to send idle cycles.
¢ send_training Used-to send training patterns.

* sop_spacing Used to send erred data by sending two SOP words in less than eight
cycles. This function limits the aumber of cycles between the two SOPs to less than
seven. This ensures that an SOP spacing error occurs.

¢ reset Used to reset the interface torthe stimulus module. Should be called at the
beginning of any testcase.

¢ send_status Used to change the'status (on TSt at ) for a particular channel.

e get_status Used to check the status of a specific channel.

Data Monitor

The data monitor is responsible for verifying that data sentfrom the demonstration test
bench is the same as the data received from the core. This is accomplished by monitoring
the RDat and RCt | signals that are input into the Sink<core, and comparing them to the
TCt1 and TDat signals output from the Source core. This is a simple comparison as long as
the data being sent does not violate the OIF-SPI4-02.1 specification: If the specification is
violated, the SPI-4.2 core modifies the data to enforce compliance, and the data monitor
accounts for the modification before comparing TDat to RDat . In addition to the data, the
monitor also verifies DIP4, SOP spacing, IDLE request, Training request, DATA_NMAX_T,
and ALPHA_DATA compliance. Changes in the testcase can create situations that cause the
data monitor to output warning messages. For more information on output warning
messages, see Appendix A, Messages and Warnings.

Status Monitor

The status monitor inspects the RSt at bus. In addition to verifying correct values for
channel status, it compiles the current status for each channel into the vector Ful | Vec.
Ful | Vec is used by the testcase module when the CHECK_RSTAT constant is set to stall
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data on RDat when the targeted channel is full. See Table 8-2 for more information about
the Ful | Vec vector.

The status monitor also calculates the DIP2 value for RSt at and compares it with what is
actually received. If there is an error, it looks at the signal SnkDI P2Er r Request to see if it
was asserted and the error is expected.

Lastly, the signal Snkl nFr ame is created in the status monitor by inverting SnkQof . This
signal is used by the stimulus module to send training. See Appendix A, Messages and
Warnings.

Customizing the Demonstration Test Bench

Testcase

The demonstration test bench can be used with default settings or customized to observe
the behavior of the SPI-4.2 core for different configurations.

The demonstration test bench can be programmed to transmit a range of stimuli by
modifying TSCLK_LCK

o Testcase Package: contains constants used by the testcase module
* . Testcase Module: generates data and status
e Sink Calendar Sequence: contains the channel order for the Sink core status

* Source Calendar Sequence: contains the channel order for the Source core status

The following sections'describe each module, including customization methods and
resulting behavior. Ihe module descriptions are applicable to both VHDL and Verilog
designs. Language-specific details for VHDL are provided in Appendix B, VHDL Details
Language-specific details and source code showing how to further randomize input to the
SPI-4.2 core for Verilog are providedyin Appendix C, Verilog Details.

Package

The testcase package contains a list of/constants that define the ways that the cores and
demonstration test bench operate. Some:of these'are user-defined and can be modified,
while others are defined when the core is generated. Table 8-1 provides test bench
constants that can be modified. These constants are modified by regenerating the core in
the Vivado IP catalog.

Table 8-1: Testcase Package User-Defined Constants

Name Constant Default Value Descfiptioft
Type (Range) P

SNK_CAL_DATA String snk_calendar.dat Contains the name of thefile with the Sink calendar

<filename> sequence to be programmed.

SRC_CAL_DATA String src_calendar.dat Contains the name of the file with the Source

<filename> calendar sequence to be programmed.

SNK_ALPHA_DATA Integer 3 <0 - 255> Sets the number of repetitions of the 20-word
training pattern sent to the Sink core (0 means don’t
send periodic training).

SNK_DATA_MAX_T Integer | 4000 <0-65535> Sets the number of cycles between training patterns
sent to the Sink core (0 means don’t send periodic
training).
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Table 8-1: Testcase Package User-Defined Constants (Cont'd)

Name

Constant
Type

Default Value
(Range)

Description

MERGE_PAYLOAD

Integer

0<0or1>

Before data is sent on RDat, the demonstration test
bench can either merge an EOP and SOP control
word into one payload control word, or it can leave
them as two separate control words.

1: Merge EOP and SOP is enabled.
0: Merge EOP and SOP is disabled.

CHECK_RSTAT

Integer

0<0or1>

The demonstration test bench can operate in two
modes with respect to the incoming status signal
RStat. It either ignores the value on RStat or checks
the value on RStat.

0: Ignore the value on RStat. The test bench
continues to send data on RDat regardless of the
status of the current channel.

1: Check the value on RStat. The test bench checks
the status of the current channel before sending
data to it. If the channel is satisfied (RStat = “10"),
then the test bench does not send the packet of
data and instead tries to send the next packet. The
test bench sends the packet if the channel is
starving or hungry (RStat = ‘01" or ‘00").

DATA_TYPE

Integer

1 <041, 2>

Three types of data can be generated on RDat. The
first type simply increments the data on each
channel (e.g. sends 0, 1, 2 to channel 0, sends 0, 1, 2
to channel 1, then sends 3, 4, 5 to channel 0). The
second sends randomized data on RDat. The last
type sends data read from the file
<TEST_DATA_FILE>.

0: Sénd incremental data
1:'Send random data

2: Send data read from file

TEST_DATA_FILE

String

data_file.dat
<filename>

Contains the name of the file to be read if
DATA_TYPE =2

RANDOM_SEED

Integer
(Verilog)

5431 <any 32-bit
integer value>

std_logic_
vector(31
downto 0)
(VHDL)

x”1537” <any 32-bit
vector>

Initial seed for the random nimber generator. To get
different results between two runs of a random test
bench, the seed must be changed.If the seed is not
changed between runs, then every random number
is the same as the previous run.

DATA_NUM_TRAIN_SEQ

Integer

3 <0-255>

Sets the number of complete training patterns that
the demonstration test bench has to receive on TDat
(upon startup) before it stops sending framing
sequences on TStat. Once this happens, the
demonstration test bench begins sending valid
status.
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Table 8-1: Testcase Package User-Defined Constants (Cont'd)

Name Constant Default Value Description
Type (Range) P
TDCLK_PERIOD Time 2.86 ns Sets the period of the SysClk signal, which is used by
<time> the Source core to generate TDClk. Value must be
greater than or equal to 2.00 ns (< 500 MHz).
RDCLK_PERIOD Time 2.86 ns Sets the period of the RDClk signal and the half-
<time> period of the RDClk2x signal. Value must be greater
than or equal to 2.00 ns (< 500 MHz).
USERCLK_PERIOD Time 571 ns Sets the period of the UserClk, used for the loopback
<time> interface to the cores and programming of the
calendars. Value must be greater than or equal to
4.00 ns (< 250 MHz).
TFF Time 500 ps Clock-to-out time used by logic in the
<time> demonstration test bench
Testcase Module
The testcase module generates data and sends it to the stimulus module, which in turn
transmits data to the Sink core and status to the Source core. The following data is created
in the testcase module:
e SPI-4.2 and demonstrationtest bench requests
* Source core status‘and.Sink core data
Figure 8-2 shows the interface between the testcase and stimulus modules.
The static configuration parameters are set when the SPI-4.2 core is generated; these
signals can also be modified in circuit. The description of these parameters can be found in
Chapter 5, Designing with the Core.
The status and data generation is simplified by instantiating the procedures module and
calling the functions contained in the module. This allows the testcase module to be
completely asynchronous, as all of the clocking is done’in the procedures module.
Table 8-2 contains a list of common useful test case signals and descriptions.
Table 8-2: Useful Testcase Signals
Name Description
FullVec An array of bits indicating the last statis received on RStat for
each channel. For each channel, the corresponding bit is set (1) if
the status received was ‘10’ - satisfied, and cleared (0) if the status
was ‘01" - hungry or ‘00" - starving.
NumlLinks The number of channels for which the core was configured.
Reset_n Reset signal to the Sink and Source core (active low).
SnkEn Enable signal to the Sink core.
SnkInFrame Asserted when the Sink core is in frame (as interpreted by the
status monitor).
SnkOof Out-of-Frame signal from the Sink core.
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Table 8-2: Useful Testcase Signals

SrcEn Enable signal to the Source core.

SrcInFrame Asserted when the Source core is in frame (as interpreted by the
data monitor).

SrcOof Out-of-Frame signal from the Source core.

There are five request signals that can be asserted in the testcase module. The first four
signals interface to the stimulus module (see Figure 8-2, page 167). The fifth is
encapsulated with the generated data sent to the stimulus module. Table 8-3 details
request signals.

Table 8-3: Testcase Module Request Signals

Name Function

TClIdleRequest Drives the IdleRequest input to the Source core, which results in
idles begin transmitted on TDat.

TCTrainingRequest Drives the TrainingRequest input to the Source core, which
causes training to be sent on TDat.

TCSnkDip2ErrRequest | Drives the SnkDip2ErrRequest input to the Sink core, which
results in DIP2 errors on RStat.

TCDIP2Request When asserted (active high), causes DIP2 errors to be transmitted
on TStat.

TCDIP4Request When asserted (active high), causes DIP4 errors to be transmitted
on RDat.

In addition to the request signals described above, the test case module has control over
the Sink and Source cores with the SnkEnsand Sr cEn. Descriptions of these signals can
be found in Chapter 3, Core Overview.

The Source core status is also generated.inthe test case module using functions contained
in the procedures module. Using the function send_st at us, you can specify a channel
and the status for that channel. This sends the status and the channel to the stimulus
module for transmission to the core. The stimulus module ensures that the status is sent in
the correct location of the calendar sequence.
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Calendar Sequence Files (Sink and Source)

The snk_cal endar . dat and src_cal endar . dat files are used to define the order that
status is sent on the SPI-4.2 Interface. The number of lines in a file is equal to the length of
the calendar sequence (SnkCal endar _Len + 1 and Sr cCal endar _Len +1). Each line of
the file represents an 8-bit calendar entry in hexadecimal format. For example, a calendar
with a length of five and a sequence of <channel 0, channel 1, channel 0, channel 2, channel
3> can be generated by the following format:

00
01
00
02
03

File names are defined in the test case package, and can be changed if desired.
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Appendix A

Messages and Warnings

Data and Status Monitor Warnings

The Data and Status monitors continuously check data sent to and received from the
demonstration test bench. There are several common warnings that occur when the
Testcase module is modified. The warnings are listed and described below.

TDat Warning: Source is segmenting packets <simulation time>

This warning means that the Source core is sending payload resumes in the middle of
sending a burst.-This is acceptable operation if Sr ¢Bur st Mbde =0.If Sr cBur st Mode =1,
this should only occur if the maximum burst length is reached (as defined by

Sr cBur st Len).

RStat Info: Sink is ottt of frame. Expect TDat mismatches <simulation time>

This indicates that the Sink core went out of frame during operation. Unless training or
idles are being sent on RDat” when this occurs, there will be data errors on TDat. This is
because what is being sentiin.on RPat is no longer being transferred to TDat.

RStat Info: Expected DIP2 mismatch received: SnkDi p2Er r ReqFl ag = 1 <simulation
time>

This indicates that a DI P2 error was detected on RSt at . It is only a note and not an error
because SnkDi p2Er r Req was asserted, 'whichimeans that a DI P2 error is expected.

RDat Warning: Protocol Violation #4. Idle follows,data on a non-credit boundary
<simulation time>

This indicates that the SPI-4.2 protocol was violated when data was sent from the
demonstration test bench. The most likely cause is that send_usefr _dat a was used to
send data without an EOPS, which ended on a non-credit boundary, then an idle was sent
using send_i dl es.

RDat Warning: Protocol Violation

Any RDat protocol violation occurred because of incorrectly formatted data transmitted
from the Testcase Module (that is, they are user-created).

TDat/TCtl Error: Data mismatch
** TCtl Error: Control Mismatch : Expected : '1', Received '0'.
** TDat Error: Data Mismatch #4. Expected x0040, Received x0041.

These error messages might occur when the test bench continues sending data when the
Sink core asserts the Almost Full flag, causing the Sink FIFO to overflow.

Test Bench: Test bench may hang up
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** The test bench may hang up with the following message: 'Source core sent its first data.
9105500 ps...'

This issue may occur when the last packet sent by the test bench is not terminated by an
EOP (even when it should). This causes this packet to be stuck in the source core.
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Appendix B

VHDL Details

Procedures Module

The procedures module is a package of functions instantiated in the testcase module to
simplify the sending of data and status to the Stimulus module. By using these functions,
the user can create any desired sequence of data or status. All functions are called from the
Testcase module using the following format:

For pat . <f uncti on name>( <l OBus>, <inputs>)
Exanpl e: . send_packet (ProBusR, 0, 40): A 40-byte |ong packet is sent on
channel 0«

The procedures module handles all clocking for the Testcase module. For an example of
how these proceduiresare,used, see the default file (pl 4_t est case. vhd) provided with
the core.

All functions in the VHDL procedures module use a passed-in record to inspect and
modify the state of the interfacewith the Stimulus module. There are two such record
types defined in the procedures module: Pr ocedur esRDCl kBus Type (PBr) and
Procedur esTSCl kBusType (PBt). For a usage example, see the provided testcase file
(pl 4_t estcase. vhd).

The tables in this section describe supported fanctions included in the procedures module.

reset (PBr ) and reset (PBt ) procedures are used to initialize the PBr and PBt records. They
must be called at the beginning of every testcase.

The send_packet procedure is used to transmit an entire packet of data. This procedure
always sends a SOP control word before the burst of data'and an EOP control word
following the data burst. The EOPs (bits 14:13 of the eontrol word following the burst) are
automatically calculated from the number of bytes sent.

Table B-1: send_packet (PBr, addr, bytes) Inputs

Name Range Description
ADDR 0 to 255 Channel on which the packet should be sent.
BYTES 1to 255 Number of bytes to send on the selected channel.

The send_user_data procedure is used to transmit a burst of data. The presence of a SOP
control word (before the burst of data) and an EOP control word (following the data burst),
can be specified. The EOPs (bits 14:13 of the control word following the burst) are
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automatically calculated from the number of bytes sent. ERR has a higher priority than
EOP; if EOP and ERR are both “1’, the EOPs for the burst is an EOP abort = ‘01’.

Table B-2: send_user_data (PBr, SOP, EOP, Err, Addr, bytes) Inputs
Name Range Description

SOP Oorl Defines if the packet should begin with a SOP.

EOP Oorl Defines if the packet should be terminated with an
EOP.

ERR Oorl Defines if the packet should be terminated with an
EOP abort.

ADDR 0 to 255 Channel on which the packet should be sent.

BYTES 1 to 255 Number of bytes to send on the selected channel.

The send_idles procedure is used to send idle control words.

Table B-3: send_idles (PBr, cycles) Inputs
Name Range Description
CYCLES 0to 511 Number of idle control words to send on RDat.

The send_training procedure is used to send training patterns.

Table B-4: send_training (PBr, patterns) Inputs
Name Range Description
PATTERNS 0 to 255 Number of training patterns to send.

The sop_spacing procedure is used to send errored data by sending two SOPs in less than
eight cycles. This function limits the number of cycles between the two SOPs to less than
seven. This ensures that a SOP spacing error‘occurs.

Table B-5: sop_spacing (PBr, Bytes1Errd, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs
Name Range Description

BYTES1 0to10 The number of bytes to send.in the first burst. This
is limited to 10'bytes to ensure SOP spacing is
violated.

ERR1 Oorl Defines if the first packet should be terminated with
an EOP abort. If set to 0 the EOPs'will be calculated
from BYTESI.

ADDRI1 0 to 255 Channel on which the first packet should be sent.

EOP2 Oorl Defines if the second packet should be terminated
with an EOP.

ERR2 Oorl Defines if the second packet should be terminated
with an EOP abort. If set to 0 the EOPs will be
calculated from Bytesl.

ADDR2 0 to 255 Channel on which the second packet should be sent.
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Table B-5: sop_spacing (PBr, Bytes1, Errl, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs (Cont'd)

Name Range Description
BYTES2 1to 255 The number of bytes to send in the second burst.
NUM_CYCLES | Oto[5-roundup | The number of idle cycles between the first and
(BYTES1/2)] second burst.

The send_status procedure is used to change the status for a particular channel.
Table B-6: send_status (PBt, channel, value) Inputs

Name Range Description
CHANNEL 0 to 255 Defines the channel for which status is updated.
VALUE 00,01,10,11 Defines the new status value to assign to the
selected channel.

The get_status procedure is called to check status of a specific channel. It will cause the
status value of that channel to be returned to the testcase.

Table B-7: _getgzstatus (PBt, channel) Inputs

Name Range Description
CHANNEL 0to 255 Defines the channel for which status is read.
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Appendix C

Verilog Details

Procedures Module

The procedures module is a package of functions instantiated in the Testcase module to
simplify sending data and status to the Stimulus module. Use these functions to create any
desifed;sequence of data or status. All functions are called from the Testcase module using
the following format:

For pat: tasks. <functi on name>(<i nputs>)
Exanpl e: [ t asks. send_packet (0, 40): A 40-byte |ong packet is sent on
channel 0«

The procedures module handles all clocking for the Testcase module. For an example of
how these proceduiresareused, see the default file (pl 4_t est case. v) provided with the
core.

The tables in this sectioh describe the supported functions included in the procedures
module.

The reset procedure is used to reset theiinterface to the Stimulus Module. This procedure
should be called at the beginning of any testcase.

The send_packet procedure is used totransmit an entire packet of data. This procedure
will always send a SOP control word beforeithe burst of data and an EOP control word
following the data burst. The EOPS (bits 14:13/%f the control word following the burst) are
automatically calculated from the number of bytes sent.

Table C-1: send_packet (Addr, bytes) Inputs

Name Range Description
ADDR 0 to 255 Channel on which the packetshould be sent.
BYTES 1to 255 Number of bytes to send ‘on the'selected channel.
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The send_user _dat a procedure is used to transmit a burst of data. The presence of a
SOP control word (before the burst of data) and an EOP control word (following the data
burst), can be specified. The EOPS (bits 14:13 of the control word following the burst) are
automatically calculated from the number of bytes sent. ERR has a higher priority than
EOP; if EOP and ERR are both “1’, the EOPs for the burst is an EOP abort = ‘01.”

Table C-2: send_user_data (SOP, EOP, Err, Addr, bytes) Inputs

Name Range Description

SOP Oorl Defines if the packet should begin with an SOP.

EOP Oorl Defines if the packet should be terminated with an
EOP.

ERR Oor1l Defines if the packet should be terminated with an
EOP abort.

ADDR 0 to 255 Channel on which the packet should be sent.

BYTES 1 to 255 Number of bytes to send on the selected channel.

The'send_i dl\es procedure is used to send idle control words.

Table C-3: sendgidles (cycles) Inputs

Name

Range

Description

CYCLES

0to 511

Number of idle control words to send on RDat.

The send_t r ai ni ng¢procedure is used to send training patterns.

Table C-4: send_training (patterns) Inputs

Name

Range

Description

PATTERNS

0 to 255

Number of training patterns to send.

The sop_spaci ng procedure is used to'send.erredidata by sending two SOPs in less than
eight cycles. This function limits the number of cycles between the two SOPs to less than
seven. This ensures that a SOP spacing error occurs.

Table C-5: sop_spacing (Bytesl, Errl, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs

Name Range Description

BYTES1 0to 10 The number of bytes tosend i the first burst. This is
limited to 10 bytes to ensure SOP spacing is violated.

ERR1 Oorl Defines if the first packet should be terminated with an
EOP abort. If set to 0 the EOPs will be calculated from
BYTESI.

ADDRI1 0 to 255 Channel on which the first packet should be sent.

EOP2 Oorl Defines if the second packet should be terminated
with an EOP.

ERR2 Oorl Defines if the second packet should be terminated
with an EOP abort. If set to 0 the EOPs will be
calculated from Bytes].
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Random Testcase Sample Code

Table C-5: sop_spacing (Bytesl, Errl, Addrl, EOP2, Err2, Addr2,
Bytes2, num_cycles) Inputs (Cont'd)

Name Range Description
ADDR2 0 to 255 Channel on which the second packet should be sent.
BYTES2 1to 255 The number of bytes to send in the second burst.
NUM_CYCLES |0to The number of idle cycles between the first and second
[5 - roundup burst.
(BYTES1/2)]

The send_st at us procedure is used to change the status for a particular channel.
Table C-6: send_status (channel, value) Inputs

Name Range Description
CHANNEL 0 to 255 Defines the channel whose status will be updated.
VALUE 00,01,10,11 Defines the new status value to assign to the
selected channel.

The get st atusprocedure is called to check status of a specific channel. It will cause the
status value of that channel to be returned to the Testcase.

Table C-7: get.status(channel) Inputs

Input Range Description

CHANNEL 0to 255 Defines the channel whose status will be read.

Random Testcase Sample Code

The following code is an example thatcan beinserted into the pl 4_t est case. v file to
send randomized data to the Sink core. It should.xeplace the default code used to send
data. In addition to sending randomized dataj it also randomly asserts each request signal.

wait (Reset_n == 1);
@ (posedge RDC k2x);

//********************************************************************

*kkkk*k

/1 Sends out randonized data, idles, or training.
/1 1t also randonmly toggles TCldl eRequest, TCTrai ni ngRequest,
/| TCDI PARequest, TCDI P2Request, and TCSnkDi p2Er+« Request

//********************************************************************

*kkkk*k

forever
begi n
RandTask = {$randon{  RANDOM SEED + $tine)} % 4;
Randl dl eRequest = {$randon(” RANDOM SEED + $randon(  RANDOM SEED +
$tine))} % 100;
RandTr ai ni ngRequest = {$randon(” RANDOM SEED + $tine)} % 100;
RandDl P4ARequest = {$randon{ RANDOM SEED + $tinme +
$random( " RANDOM SEED) )} % 100;
RandDl P2Request = {$randon( $randon{  RANDOM SEED) + $tine)} % 100;
RandSnkDi p2Er r Request = {$randon(  RANDOM SEED + $randon($tinme))} %
100;
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/1 Randomy set TCl dl eRequest to 1
i f ((Randl dl eRequest == 0) || (TC dl eRequest == 1))

begin
if (TCl dl eRequest == 1)
begin
if (l1dl eRequestCnt > 0)
begin

I dl eRequest Cnt <= | dl eRequestCnt - 1'bl;
TCl dl eRequest <= 1' bl;
end
el se
begin
I dl eRequest Cnt <= ' bO;
TCl dl eRequest <= 1' bO0;
end
end
el se
begi n
TCl dl eRequest <= 1' bl;
I'dheRequest Cnt <= {$randon(” RANDOM SEED + $tinme)} % 9;
end
end

/ / Random y set . TCTr ai ni ngRequest to 1

i f ((RandTraimningRequest == 0) || (TCTraini ngRequest == 1))
begin
i f (TCTraini ngRequest == 1)
begi n
i f (Traini ngRequestCnt > 0)
begin

Trai ni ngRequest@nt <=/Tr ai ni ngRequestCnt - 1'bl;
TCTr ai ni ngRequest <=1' bd;
end
el se
begin
Tr ai ni ngRequest Cnt <= ' b0;
TCTr ai ni ngRequest <= 1' b0;
end
end
el se
begi n
TCTr ai ni ngRequest <= 1'bl;
Trai ni ngRequest Cnt <= {$randon( RANDOM SEED +<$tine)} % 9;
end
end

/I Random y set TCDI PARequest to 1
i f ((RandDl P4Request == 0) || (TCDI PARequest == 1))

begin
if (TCD P4ARequest == 1)
begi n
i f (DI PARequestCnt > 0)
begin

Dl PARequest Cnt <= DI P4RequestCnt - 1'bl;
TCDI PARequest <= 1'bl;

end

el se

begin
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Dl PARequest Cnt <= ' bO;
TCDI PARequest <= 1' bO0;
end
end
el se
begin
TCDI PARequest <= 1'bl;
Dl PARequest Cnt <= {$randonm(” RANDOM SEED + $tinme)} % 9;
end
end

/1 Random y set TCDI P2Request to 1

i f ((RandDI P2Request == 0) || (TCDI P2Request == 1))
begin
if (TCD P2Request == 1)
begin
i f (DI P2RequestCnt > 0)
begin

Dl P2Request Cnt <= DI P2Request Cnt - 1' bl;
TCDI P2Request <= 1' bl;
end
el se
begin
DI P2Request Cnt <= ' bO;
TCDI P2Request <= 1' bO0;
end
end
el se
begi n
TCDI P2Request <=_4"bl;
Dl P2Request Cnt &= {$randonm( " RANDOM SEED + $tinme)} % 9;
end
end

/1 Random y set TCSnkDi p2ErrRequéest to 1

i f ((RandSnkDi p2Err Request == 0) 4| (TCSnkD p2Err Request == 1))
begin
if (TCSnkDi p2Err Request == 1)
begin
i f (SnkDi p2Err RequestCnt > 0)
begin

SnkDi p2Er r Request Cnt <= SnkDi p2Er r Request Cat - 1' b1l;
TCSnkDi p2Err Request <= 1' b1,
end
el se
begi n
SnkDi p2Err Request Cnt <= ' bO;
TCSnkDi p2Er r Request <= 1' bO;
end
end
el se
begi n
TCSnkDi p2Err Request <= 1'bl,;
SnkDi p2Er r Request Cnt <= {$randon( " RANDOM SEED + $tine)} % 9;
end
end

/1 Sends a random si zed packet to a random channel
i f (RandTask == 0)
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begin
t asks. send_packet ({ $randon(”  RANDOM SEED + $tinme)} % (° NUM_CHANNELS
- 1), ($randon{ RANDOM SEED + $tinme) % 255) + 1'bl);
end
/1 Sends a random si zed packet to a random channel. Al so SOP, EOP, and
[/ Err are randomni zed
el se i f (RandTask == 1)
begin
t asks. send_user _dat a({ $randon(  RANDOM SEED + $tine)} % 2,
{$randon( " RANDOM SEED + $ti me + $randon{ RANDOM SEED))} % 2,
{$randon(” RANDOM SEED + $tinme + $randon{ RANDOM SEED + $tine))} % 2,
{$randonm(* RANDOM SEED + $tine)} % (° NUM_CHANNELS - 1),
($randon{” RANDOM SEED + $tine) % 255) + 1'bl);
end
/1 Sends a random nunber of idles to the Sink Core
el se i f (RandTask == 2)
begin
t asks. send_i dl es(({$randonm  RANDOM SEED + $tinme)} % 10) + 1);
end
[ /'Sends a random nunber of training patterns to the sink core
el se if, (RandTask == 3)
begi n
t asks.send_trai ni ng(({$randon(” RANDOM SEED + $tine)} % 10) + 1);
end
el se
begin
@ (posedge RDO k2x) ;
$di spl ay(" Qut< of Range. %0d", $tine);
end
end
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This appendix lists'the files generated by the Xilinx Vivado IP catalog.

Name

Description

Example Design Files
(<proj_dir>/proj_dir.sres/sources_1l/ip/component_name/component_name/example_design)

<component_name>_top.xdc

SPI-4.2 Core Wrapper Design Example Constraints File

<component_name>_top.v[hd]

Core VHDL or Verilog Top Level Wrapper File (required
for simulation)

<component_name>_pl4_fifo_loopback.v[hd]

FIFO Loopback VHDL or Verilog Top-level File

<component_name>_pl4_fifo_loopback_read.s[hd]

FIFO Loopback VHDL or Verilog Read Module

<component_name>_pl4_fifo_loopback_write.v[hd]

FIFO Loopback VHDL or Verilog Write Module

<component_name>_pl4_snk_clk.v[hd]

Example Sink core clocking module

<component_name>_pl4_src_clk.v[hd]

Example Source core clocking module

Demonstration Test Bench Simulation Files

(<proj_dir>/proj_dir.srcs/sources_1/ip/compo

nent_name/component_name/simulation)

data_file.dat

Data'file containing the data to be sent across the SPI-4.2
Interface

pl4_clk_gen.v[hd]

Demo Test Bench.Clock Generator

pl4_data_monitor.v[hd]

Demo Test Bench Data Monitor

pl4_demo_testbench.v[hd]

Demo Test Bench Top Level Module

pl4_procedures.v[hd]

Demo Test Bench Procedures Module

pl4_startup.v[hd]

Demo Test Bench MMCM Startup and:Calendar Loader
Module

pl4_status_monitor.v[hd]

Demo Test Bench Status Monitor

pl4_stimulus.v[hd]

Demo Test Bench Data and Status Stimulus Module

pl4_testcase.v[hd]

Demo Test Bench Testcase Module

pl4_testcase_pkg.v[hd]

Demo Test Bench Package File

snk_calendar.dat

Data file containing the calendar information for the
Sink interface

src_calendar.dat

Data file containing the calendar information for the
Source interface
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Name

Description

Functional Simulation Scripts
(<proj_dir>/proj_dir.srcs/sources_1/ip/component_name/component_name/simulation/functional)

simulate_mti.do

ModelSim script for compiling the SPI-4.2 core
functional simulation netlist and demo test bench files;
this script also loads and runs the simulation.

wave_mti.do

ModelSim script for loading a pre-formatted waveform

simulate_ncsim.sh

UNIX shell script for compiling the SPI-4.2 core
functional simulation netlist and demo test bench files
for Incisive Enterprise Simulator (IES); this script also
loads and runs the simulation.

simulate_ncsim:.bat

DOS shell script for compiling the SPI-4.2 core functional
simulation netlist and demo test bench files; this script
also loads and runs the simulation.

wave_ncsim.sv

IES script for loading a preformatted waveform.

simulate_vcs.sh (Verilog only)

Shell script that compiles the functional netlist and
example design. The script also runs the functional
simulation using VCS.

ves_session.tcl (Verilog only)

VCS tcl script that opens a wave window. This macro is
called by the simulate_vcs.sh script.

ucli_commands.key (Verilog only)

VCS command file. This file is called by the
simulate_vcs.sh script.
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SPI-4.2 Control Word

Appendix E

This appendix defines the SPI-4.2 control word format as shown in Table E-1. This format

is reproduced from the OIF-SPI4-02.1 specification, Table 6.2.

Table E-1: SPI-4.2 Control Word Format

Bit
Position

Label

Description

15

Type

Control Word Type
Set to either of the following;:
1: payload control word

0: idle or training control word

14:13

EOPS

End-of-Packet Status

Set to one of the following values below according to the status
of theimmediately preceding payload transfer

00:Not.an EOP

01: EOP Abort

10: EOP Normal termination, 2 bytes valid
11: EOP Notmal termination, 1 byte valid

EOPS is valid inthe first. control word following a burst transfer.
It is ignored anhd sétto “00” otherwise.

12

SOP

Start-of-Packet

Set to “1” if the payload transfer immediately following the
control word corresponds.to the start of a packet. Set to “0”
otherwise.

Set to “0” in all idle and training control words:

11:4

ADDRESS

Port Address

8-bit port address of the payload transfer immediately following
the control word. None of the addresses are reserved (all 256 are
available for payload transfer).

Set to zeroes in all idle control words.

Set to ones in all training control words.

3:0

DIP-4

4-bit Diagonal Interleaved Parity

4-bit odd parity computed over the current control word and the
immediately preceding data words (if any) following the last
control word.
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SPI-4.2 Calendar Programming

Overview

This appendix lists examples that describe how to program the Sink and Source Calendar
Memory of the SPI-4.2 core.

In a typical application, the calendars for the Source FIFO status and Sink FIFO status will
be programmed identically. In the SPI-4.2 core, the notion of calendar replaces the
polling/packet (or cell) available functionality in previous POS-PHY and UTOPIA
specifications.dn these preceding standards, the link or ATM layer polls the channels and
the physical layer responds with a “packet available” or “cell available” status. In SPI-4.2,
the polling is replaced.by FIFO status reporting of each channel in a specific order that is
controlled by the caléndar. In this implementation, as illustrated in the examples below, the
calendar is inserted as a table'containing channel numbers that is initialized at power-up.

Example 1

In a channelized OC-192 with 192 STS41 channels, all channels have equal bandwidth and
should report their status with equal frequency. In this case, the Calendar Length is 192
(Calendar_Len=191) and the Calendar entries‘are: 0, 1, 2, ..., 191.

Example 2

In a channelized OC-192 with three STS-48 channels(0, 1, and 2) and 4 STS-12 channels (3,
4,5, and 6), the three STS-48 channels have four times the bandwidth of the 4 STS-12
channels. Therefore, the 3 high-speed channels should report theirstatus 4 times as
frequently as the low-speed channels in one Calendar cycle. In this case, the Calendar
Length is 16 (Calendar_Len=15) and the Calendar entries are:0, 1, 2/3,0,1,2,4,0,1, 2,5, 0,
1,2,6.

Once the Calendar is programmed, the user circuitry updates FIFO status in the dual-port
RAM in the Sink block and the SPI-4.2 core sends the updated status information in the
order programmed in the calendar. Likewise, in the Source block, the SPI-4.2 core receives
the FIFO status information according to the order programmed in the calendar and writes
the status in the dual-port RAM to be read by the user circuitry.

Example 3

In a OC-192c¢ application, 1 channel requires the complete SPI-4.2 bandwidth. In this case,
the calendar length can be set to 1 (Cal endar _Len=0). The calendar does not have to be
programmed on startup, as it will initialize to all zeros on power-up.

SPI1-4.2v12.2
UG784 July 25, 2012

www.xilinx.com 195


http://www.xilinx.com

Appendix F: SPI-4.2 Calendar Programming & XILINX.

7
2
s

196 www.xilinx.com SPI-4.2 v12.2
UG784 July 25, 2012


http://www.xilinx.com

& XILINX.
Appendix G

Debugging

This appendix contains details about debugging the core.

Alignmentissues

If alignment issues occur during hardware operation (for example, DIP4 Errors or Sink is
out of frame), the DPA (Dynamic Phase Alignment) diagnostic ports can be used for
debugging purposes.

See WP249, SPI-4.2 Dynamic Phase Alignment White Paper, for details about the SPI-4.2
Dynamic Phase Alignment Sink core and how to debug hardware issues using the DPA
diagnostic ports.
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Appendix H

SPI-4.2 Core Verification

Extensive software testing with an internally developed test suite is performed for each
SPI-4.2 release. Using our in-house verification environment, the SPI-4.2 Core was tested in
RTLgpost-ngdbuild, and timing simulation. When using the in-house verification
environment, the SPI-4.2 core was tested in three stages:

e (Functional (RTL) verification

¢ Gate-level (post ngdbuild back-annotation HDL) verification

¢ Gate-level with back-annotated Timing (with SDF file) verification targeting the
following device/frequency combinations:

Virtex®-7 FPGAs -1, -2, and -3 devices up to 1.25 Gbps (depending on speed
grade),ondthe SPI-4.2 Interface and 312 MHz on the User Interface
(M_AXI S_SNKFF_ACLK and S_AXI S_SRCFF_ACLK clocks).

Kintex®-7 FPGASs -1,-2, and -3 devices up to 1Gbps (depending on speed grade)
on the SPI-4.2 Interface and 250MHz on the User Interface
(M_AXI S_SNKFF_ACLKand'S AXI S SRCFF_ACLK clocks).

For each of these stages, each feature of the SPI-4.2 core was fully verified. The following
are examples of stimulus used to verify the features:

Verification of Valid Data

SPI-4.2 bus traffic that contains shortpackets that were smaller than one credit (16
bytes)

SPI-4.2 bus traffic that contains long packets that were larger than one credit (16
bytes)

SPI-4.2 bus traffic of a constant packet size

SPI-4.2 bus traffic of a variable packet size

SPI-4.2 bus traffic that consisted of a single burst or packet

SPI-4.2 bus traffic that caused the SPI-4.2 Sink FIFO to be constantly almost full

Backend data traffic that caused the SPI-4.2 Source FIFO to be constantly almost
full

SPI-4.2 bus traffic that caused the Sink FIFO to overflow
Backend data traffic that caused the Source FIFO to overflow

Verification of Invalid Data

SPI-4.2 bus traffic that contained incorrect DIP-4 values

SPI-4.2 status traffic that contained incorrect DIP-2 values
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SPI-4.2 status traffic that indicated that the receiving end of the SPI-4.2 Source
block was out-of-frame

SPI-4.2 bus traffic that violated SOP spacing and had incorrect control word
formats

SPI-4.2 bus traffic that contained data bursts that were not preceded by payload
control words

SPI-4.2 bus traffic that terminated on non-credit boundaries with no EOP.
SPI-4.2 bus traffic that contained reserved control words
Backend data traffic that contained no EOP with non-zero TKEEPs.

The behavior of the core was fully verified for a range of core configurations.

Verification for Range of Clock Frequencies

SPI-4.2 bus clock: 300 MHz to above 500 MHz
S AXI S SRCFF_ACLK and M AXI S_SNKFF_ACLK: 150 MHz to 350 MHz
AXI _SNK_ACLK and AXI _SRC ACLK: 75MHz to 175MHz
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SPI-4.2 Source Interface Timing Budget

This appendix contains examples on how to create and analyze a SPI-4.2 source interface
timing budget. By doing this analysis, users can calculate how much system margin can be
allocated for PCB design and system noise. In addition, the analysis can help verify that the
design meets the OIF_SPI-4.02.1 specification. Analysis is provided for Sink cores
configred as Static or Dynamic as well as different clocking schemes. If trade-offs between
clocking schemes are significant, these instances are highlighted.

Theitiming budgets are based on the Xilinx SPI-4.2 IP and the OIF-SPI-4-02.1 specification
requirements.‘The requirements for the Xilinx SPI-4.2 IP is detailed in the Source Clock
InterfaceiindChapter,3.
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The following figure shows the system-level interface and reference point calculations
presented in the OIF specification. These reference points will be referred to in the timing
budget calculation.

SPI-4.2 REFERENCE REFERENCE SPI-4.2
Transmitter POINT A POINT B Receiver
1BUFG BUFe TDCLK
N ) S >
Oscillator ?.}‘r FPMCCMD// ODDR
MMCM
TDAT[15:0],
TCTL
Global Clock >
SPI-4.2 REFERENCE ~ REFERENCE SPI-4.2
Transmitter POINT A POINT B Receiver
IBUFG e TDCLK
> -
Oscillator ODDR J_§
TDAT[15:0],
Regional Clock TCTL

h J

Figure I-1: OIF Specification Reference Points
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Migrating to SPI-4.2 v11.2 and Later

Note: For details about migrating from the ISE Design Suite to the Vivado Design Suite, see UG911,
Vivado Design Suite Migration Methodology Guide.

Starting with the SPI-4.2 v11.1 core, the user interfaces to the core have undergone
significant changes. All of the user interfaces, except for the general core “Status and
Control” interfaces, have been standardized to an AXI4 type of interface. Specifically, the
FIFO data interfaces now operate as an AXI4-Stream interface, and the three separate FIFO
Status, Calendar, and Static Configuration interfaces have been combined into a single
AXI4-Lite interface. With the change to AXI4-Stream for the FIFOs also comes a different
behavior for data‘transfer: the Sink FIFO now “pushes” data to the user when it is
available, and both Sink and Source FIFOs require a “ready/valid” handshake to transfer
data. The changesdalsodaffect the initialization sequence for the cores. The following
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figures offer a general comparison between the pre-v11.1 interfaces and the new v11.1

interfaces.
SPI-4.2 v10.x and
SPI-4.2 v11.1 .
earlier
AXI SPI-4.2 Sink Core
< Status and Control < Status and Control
User Clocking User Clocking

DPA Debug/

NN NN

VONEEAN

Sink Sink
AXl14-Stream FIFO Interface FIFO Interface Data FIFO Data Receive
SPI-4.2 Interface >
I
< Calendar Control Interface Sink Calendar
Sink
Status
Transmit
AXI4-Lite Control Interface <
Sink Status
FIFO Status Interface Registers
Static Configuration Signals

Figure J-1: Sink Caore Interface Migration
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SPI-4.2 v10.x and

SPI-4.2 v11.1 | carlier
| AXI SPI-4.2 Source Core
< Status and Control > | < Status and Control
: User Clocking
| Source Source Data
< AXI4-Stream FIFO Interface > | < FIFO Interface e et
| SPI-4.2 Interface >
— |
| Source
| Calendar Control Interface Calendar
§ l Source Status
AXI4-Lite Control.Interface | Receive
5
<AXI4—Stream Status Interface. | | < FIFO Status Interface SO;;Z?S?;?QUS
| Static Configuration Signals
= |

FigureJ-2: ,Source Core Interface Migration

The following sections describe indmore detail the key changes to each interface, how the
previous cores' ports map to the new interfaces, and how the initialization sequence has
changed.

Interface Differences

The pre-v11.1 SPI-4.2 Sink core has five separate user interfaces: The Status and Control
interface, the Sink FIFO Interface, the Sink Calendar,ControlInterface, the Sink FIFO Status
Interface, and the Sink Static Configuration Interface. The pre-v11.1 SPI-4.2 Source core
has five separate user interfaces: The Status and Control interface, the Source FIFO
Interface, the Source Calendar Control Interface, the Source FIFQ Status Interface, and the
Source Static Configuration Interface. The only interfaces that¥emaif the same in v11.1 are
the Sink and Source Status and Control interfaces. The following section describes, using
pre-v11.1 interface names, how the other interfaces have been modified'for the SPI-4.2
v11.1 core.

Sink FIFO Interface

The Sink FIFO now uses an AXI4-Stream master interface to transfer data to the user
application. The signals for this interface have similar general behavior, with some key
differences:

e The SnkFFVal i d signal is now M_AXI S_SNKFF_TVALI D. Previously, the FIFO
operated in a “pull” behavior, where the user would first assert SnkFFRAEn_n and
the FIFO would respond with data and a SnkFFVal i d assertion. The new AXI4-
Stream interface requires a change to a “push” behavior. This means if data is
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available to be read from the FIFO, the core will automatically present (push) the data
to the user and assert M_AXI S_SNKFF_TVALI D, and will wait until this data beat has
been accepted via the TREADY/TVALI Dhandshake before presenting the next data
beat.

e The SnkFFRAEN_n signal is now M_AXI S_SNKFF_TREADY, and has changed from
active-low to active-high. The behavior of this signal is different with AXI as well.
Previously, asserting SnkFFRAENn_n was used to request a read from the FIFO, and
one data beat would appear at the FIFO output on the next clock cycle for each
request.

With the SPI-4.2 v11.1 core, the M_AXI S_SNKFF_TREADY signal is part of the
TREADY/TVALID handshake and is used to confirm that the user application has
received the data beat. Each simultaneous assertion of both TREADY and TVALI Don a
clock edge indicates that one data beat has been transferred. Unlike previous versions
of the core where SnkFFVal i d would assert in response to SnkFFRAEN_n, the
assertion of TVALI D does not require that TREADY is first asserted.

* (SnkFFAl nost Enpt y_n and SnkFFEpt y_n are removed. With “ push” FIFO
behavior, the de-assertion of TVALID indicates the FIFO is empty.

e uSnkEFMod[ 2: 0] (SnkFFMbd([ 3: 0] for 128-bit interface) is replaced by
M_AXI S_SNKFF_TKEEP[ 7: 0] (or [15:0]). The new signal still indicates which
bytes,of.a databeat are valid, but now provides the information in the form of a per-
lane byte enable.

e The orderingof data'on M_AXI S_SNKFF_TDATA is now little endian. This means the
bits M AXI S_SNKFF_TDATA, [ 7: 0] were the first byte received on RDat [ 15: 0] .
Note that since RDat is 16-bits wide, the OIF spec indicates that RDat [ 15: 8] is the
“first” byte received, and RDat [ 7: 0] is the “last.” This is further described in
Table 5-1, page 72.

Sink Calendar Control Interface

The Sink Calendar Control interface is now combined with the FIFO Status interface and
Static Configuration interface into a single Sink’AXI4-Lite Control Interface. Reads and
writes to the Calendar memory are performed on the Sink AXI4-Lite Control Interface as
described in Sink Calendar Memory Initialization in Chapter 5. As with previous cores,
writes to the Calendar memory can only be performed while the core is disabled
(SnkEn=0).

Sink FIFO Status Interface

The Sink FIFO Status interface is now combined with the Calendar interface and Static
Configuration interface into a single Sink AXI4-Lite Control Interface. Differing from
previous cores, the Status memory is now readable in addition to writeable. Reads and
writes to the Status memory are performed on the Sink AXI4-Lite Control Interface as
described in Sink Flow Control in Chapter 5. During typical in-frame core operation, the
Sink AXI4-Lite Control interface will be only used for Status writes, so the core gives
precedence to writes on this interface.

Sink Static Configuration Interface

The Sink Static Configuration interface is now combined with the FIFO Status interface
and Calendar Control interface into a single Sink AXI4-Lite Control Interface. Reads and
writes to the Static Configuration memory are performed on the Sink AXI4-Lite Control
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Interface as described in Sink Static Configuration Parameters in Chapter 5. Previous
cores provide access to the Static Configuration parameters via tie-offs whose value could
be changed in the core wrapper; if the user wanted to change the value of these parameters
in-circuit they would need to create registers to drive these signals. In the AXISPI-4.2 core,
all static configuration values are stored in registers within the core, accessible via the Sink
AXI4-Lite Control Interface, and the outputs of these registers are routed to the necessary
logic. Unchanged from before, modification of the Static Configuration parameters must
be done while the core is in reset (Reset _n = 0), as described in Sink Static Configuration
Parameters in Chapter 5.

Source FIFO Interface

The Source FIFO now uses an AXI4-Stream slave interface to transfer data from the user
application. The signals for this interface have similar general behavior, with some key
differences:

¢ The Sr cFFW En_n signal is now S_AXI S_SRCFF_TVALI D, and has changed from
active-low to active-high. In pre-v11.1 cores, the assertion of Sr cFFW En_n by the
user application along with valid data would cause a data beat to be written into the
FIFQ. Thenew S_AXI S_SRCFF_TVALI Dsignal is used in the same way, but is
qualified by the TVALI D/ TREADY handshake now. This means one data beat is
written‘into theSource FIFO for each simultaneous assertion of both TREADY and
TVALI Dion a clock edge.

e The Sr cFFAI'mpst Ful | _n signal is now S_AXI S_SRCFF_TREADY. This change
provides the AXI-required TVALI D/ TREADY handshake. Previously, the core would
allow data to continuie tobe written in after Sr cFFAl nost Ful | _n assertion-now the
core will not accept data if TREADY de-asserts. Note that the de-assertion of TREADY
is still controlled by the Static Configuration parameters SrcAFThresAssert and
Sr cAFThr esNegat e, just as' Sr cFFAl nost Ful | _n was controlled.

® The SrcFFOver f | ow_n signalis nodonger necessary based on the explanation of
Sr cFFAI nost Ful | _n changes, and has been removed. In the v11.1 core, the Source
FIFO cannot overflow.

* SrcFFMod[ 2: 0] (Sr cFFMbd] 3: 0] “forA28-bit interface) is replaced by
S_AXI' S_SRCFF_TKEEP[ 7: 0] (or [ 15:10] ). “The new signal still indicates which
bytes of a data beat are valid, but now providesithe information in the form of a per-
lane byte enable.

* The ordering of data on S_AXI S_SRCFF_TDATAis now little endian. This means the
bits S_AXI S_SRCFF_TDATA [ 7: 0] are the first byte sent otit ondDat [ 15: 0] . Note
that since TDat is 16-bits wide, the OIF spec indicates that TDat [ 15:8] is the “first”
byte sent, and TDat [ 7: O] is the “last.” This is further descfibediin Table 5-7,
page 108.

Source Calendar Control Interface

The Source Calendar Control interface is now combined with the FIFO Status interface
(Addressable Mode) and Static Configuration interface into a single AXI4-Lite Control
Interface. Reads and writes to the Calendar memory are performed on the AXI4-Lite
Control Interface as described in Source Calendar Memory Initialization in Chapter 5. As
with previous cores, writes to the Calendar memory can only be performed while the core
is disabled (Sr cEn=0).
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Source FIFO Status Interface

When using Addressable Status Mode, the Source FIFO Status interface is now combined
with the Calendar interface and Static Configuration interface into a single Source AXI4-
Lite Control Interface. The Status memory is read-only, as with previous cores. Reads
from the Status memory are performed on the Source AXI4-Lite Control Interface as
described in Source Flow Control: Addressable Status Mode in Chapter 5. During typical
in-frame core operation, the Source AXI4-Lite Control interface will be only used for Status
reads, so the core gives precedence to reads on this interface. Previously, reads from the
FIFO Status interface could retrieve up to 16 channels' status every clock cycle. Because of
handshaking requirements for the AXI4-Lite interface, reads now retrieve up to four
channels' status every other clock cycle.

When using Transparent Status Mode, the Source FIFO Status information is provided
solely on the Source AXI4-Stream Status Interface and is not stored within the AXI4-Lite
Control interface memory space. The signals SrcSt at Ch[ 7: 0] and SrcSt at ChVal i d
are renamed M AXI S_SRCSTAT _TI O 7: 0] and M AXI S_SRCSTAT_TVALI D,
respectively. The SrcSt at [ 1: 0] signal is now provided on

M AXLS SRCSTAT _TUSER] 1: 0] . Use of this interface is described in Source AXI4-
Stream Status)Interface in Chapter 5. The latency of this interface is the same as with the
previous cores.

Source Static Configuration Interface

The Source Static Configuration interface is now combined with the FIFO Status interface
(Addressable Mode) and.Calendar Control interface into a single Source AXI4-Lite Control
Interface. Reads and writesto the Static Configuration memory are performed on the
Source AXI4-Lite Controldnterface as described in Source Static Configuration Parameters
in Chapter 5. Previous coresgprovide access to the Static Configuration parameters via tie-
offs whose value could be changed inthe core wrapper--if the user wanted to change the
value of these parameters in-circuitthey.would need to create registers to drive these
signals. In the AXISPI-4.2 core, all static configuration values are stored in registers within
the core and are accessible via the Source AXI4-Lite Control Interface. In addition, the
outputs of these registers are routed to the necessary logic. Unchanged from before,
modification of the Static Configuration parametets must be done while the core is in reset
(Reset _n =0), as described in Source Static Configuration Parameters in Chapter 5.

Core Initialization Sequence Differences and Resets

The v11.1 core has some changes to the required initialization sequénce, as\described in
detail in Initializing the SPI-4.2 Core in Chapter 5. The primary differences to this sequence
are due to the addition of the AXI4-Lite interfaces on the Sink and Source cores.
Specifically, the AXI4-Lite interfaces each have their own reset, where before the Calendar
and Status interfaces and memories were reset by the core-wide reset (Reset _n). The
initialization sequence now also specifies when writes to the Static Configuration
parameters can occur (that is, only when Reset _n is asserted), since in the reset state the
core is not in operation and not using the static configuration parameters to define its
output. A reset of the AXI4-Lite interface will revert these values to the values set in the
Vivado IP catalog.

The following summarizes the Sink and Source core resets, and which parts of the core are
affected:

* Reset _n: Resets the entire data path and SPI-4.2 interface, including data FIFO
contents and AXI4-Stream FIFO interface, ISERDES/OSERDES, status paths (TStat
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and RStat) and DPA logic. Does NOT reset the AXI4-Lite interface and associated

memories.

M AXI S_SNKFF_ARESETN: Resets the Sink FIFO and Sink AXI4-Stream FIFO
interface while allowing the Sink core to remain in-frame (SnkOof=0). Requires
minimum reset pulse width of three cycles of M AXI S_SNKFF_ACLK.

S AXI S_SRCFF_ARESETN: Resets the Source FIFO and Source AXI4-Stream FIFO
interface while allowing the Source core to remain in-frame (SrcOof=0). Requires
minimum reset pulse width of three cycles of S_AXI S_SRCFF_ACLK

AXI _SNK_ARESETN: Resets the Sink AXI4-Lite interface logic. Resets associated
memories to default values (that is, Vivado IP catalog selected settings). These
memories are Status memory, Calendar memory, and Static Configuration memory.
Requires minimum reset pulse width of two cycles of AXI _SNK_ACLK

AXI _SRC_ARESETN: Resets the Source AXI4-Lite interface logic. Resets associated
memories to default values (that is, Vivado IP catalog selected settings). These
memories are Status memory, Calendar memory, and Static Configuration memory.
Requires minimum reset pulse width of two cycles of AXI _SRC_ACLK.

Sink Core Port Changes

Table J-1: Sink Core Port Map from v10.x to'v11ld

Table J-1'details changes to the Sink Core port naming, additional or deprecated ports, and
polarity changes from v10.x and earlier cores to v11.1. Note that none of the SPI-4.2

Interface signalsthavehanged, as their behavior is described by the OIF-SPI4-02.1 System
Packet Interface Phase 2 standard.

Version 10.x and earlier

Version 11.1

Notes

Sink Control and Status

Sink Control and Status Interface

Interface

Reset_n Reset_n NoChange

SnkEn SnkEn Changed to RDCIkDiv_User domain
SnkTrainValid SnkTrainValid Changed to RDCIkDiv_User domain
SnkldelayCtIRdy SnkldelayCtIRdy No Change

SnkDIP2ErrRequest SnkDIP2ErrRequest Changed to RDCIkDiv_User domain

SnkOof SnkOof Changed to RDCIkDiv_User'domain
SnkBusErr SnkBusErr Changed to RDClkDiv_User domain
SnkBusErrStat[7:0] SnkBusErrStat[7:0] Changed to RDCIkDiv_User domain
PhaseAlignRequest SnkDPAPhaseAlignRequest Rename, Changed to RDCIkDiv_User domain
PhaseAlignComplete SnkDPAPhaseAlignComplete Rename, Changed to RDCIkDiv_User domain
SnkDPAFailed SnkDPAFailed Changed to RDClkDiv_User domain
SnkDPARamAddr[5:0] SnkDPARamAddr[5:0] No Change

SnkDPARamData[16:0] SnkDPARamData[16:0] No Change

SnkDPARamValid SnkDPARamValid No Change

SnkCDPAHalt SnkCDPAHalt No Change
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Table J-1: Sink Core Port Map from v10.x to v11.1

Version 10.x and earlier Version 11.1 Notes
SnkDPADiagWin SnkDPADiagWin No Change
SnkDPAAddrRst SnkDPA AddrRst No Change
SnkDPAAddrEn SnkDPAAddrEn No Change
SnkDPACIkDlyRst SnkDPACIkDIlyRst No Change
SnkDPACIkDlyCe SnkDPACIkDlyCe No Change
SnkDPACIkDlyInc SnkDPACIkDlylInc No Change

Sink FIFO'interface Sink AXI4-Stream FIFO Interface
SnkFifoReset_n M_AXIS_SNKFF_ARESETN Rename
SnkFFClk M_AXIS_SNKFF_ACLK Rename

SnkFFRAEn_n

M_AXIS SNKFF_TREADY

Rename, change sense (now active high), and
requires handshake with
M_AXIS_SNKFF_TVALID. Change to “Push”
FIFO, meaning if the FIFO contains valid data, it
will not wait until M_AXIS_SNKFF_TREADY is
asserted before asserting
M_AXIS_SNKFF_TVALID

[127:0]

SnkFFValid M_AXIS_SNKFF_TVALID Rename, change to “Push” behavior where data is
automatically presented to user if available in the
FIFO

SnkFFAddr[7:0] M_AXIS_SNKFF_TID[7:0] Rename

SnkFFData[63:0],[127:0] M_AXIS_SNKFF_TDATA[63:0], Rename

SnkFFMod[2:0],[3:0]

M_AXIS_SNKFF_TKEEP[7:0], [15:0]

Rename,change to byte qualifier indicating which
are valid bytes

SnkFFSOP M_AXIS_SNKFF_SOP Rename
SnkFFEOP M_AXIS_SNKFF_TLAST Rename
SnkFFErr M_AXIS_SNKFF_ERR Rename
SnkFFDIP4Err M_AXIS_SNKFF_DIP4ERR Rename
SnkFFPayloadDIP4 M_AXIS_SNKFF_PAYLOADDIP4 Rename
SnkFFBurstErr M_AXIS_SNKFF_BURSTERR Rename
SnkFFPayloadErr M_AXIS_SNKFF_PAYLOADERR Rename
SnkFFAImostEmpty_n Removed

SnkFFEmpty_n

Removed. De-asserted M_AXIS_SNKFF_TVALID
indicates empty

SnkAlmostFull_n

SNKFF_ALMOSTFULL_N

Rename

SnkOverflow_n

SNKFF_OVERFLOW_N

Rename
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Table J-1: Sink Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

Sink Calendar Control
Write interface

Sink AXI4-Lite Control Interface

SnkCalClk

AXI_SNK_ACLK

Rename, combine with Status and Config
functions

SnkCalData[7:0]

AXI_SNK_WDATA[31:0]

SnkCalWrEn_n

AXI_SNK_WVALID

AXI_SNK_WREADY

AXI_SNK_WSTRBI[3:0]

Rename, combine with Status and Config
functions, and add AXI protocol channel
handshake . Now writes up to 4 calendar spaces at
once, instead of one at a time

SnkCalAddr[8:0]

AXI_SNK_AWADDR][9:0]

AXI SNK_AWVALID

AXI_ SNK_LAWREADY

Rename, combine with Status and Config
functions, and add AXI protocol channel
handshake . Calendar uses AWADDR][9:0] ranges
from 0x000 to Ox1FC

AXL.SNK.BVALID

AXI_SNK_BREADY

New AXI4-Lite Write Response Channel

SNK_BRESP_ERR[7:0]

New AXI4-Lite interface error signaling

Sink Calendar Control
Read interface

Sink AXI4-Lite Control Interface

AXI_SNK_ARVALID

AXI_SNK_ARREADY

SnkCalClk AXI_SNK_ACLK Rename, combine with Status and Config
functions
SnkCalDataOut[7:0] AXI_SNK_RDATA[31:0] Rename, combine with Status and Config
S functions, and add AXI handshake. Now reads up
AXI_SNK_RVALID to 4 calendar spaces at once, instead of one at a
AXI_SNK_RREADY time
SnkCalAddr[8:0] AXI_SNK_ARADDR]9:0] Rename, combine with Status and Config

functions, and'add AXI pfotocol channel
handshake. Calendar uses ARADDR[9:0] ranges
from 0x000 to Ox1FC

SNK_BRESP_ERR[7:0]

New AXI4-Lite interface error signaling

Sink FIFO Status interface

Sink AXIl4-Lite Control Interface

SnkStatClk

AXI_SNK_ACLK

Rename, combine with Calendar and Config
functions

SnkStat[31:0]

AXI_SNK_WDATA[31:0]

SnkStatWr_n

AXI_SNK_WVALID

AXI_SNK_WREADY

SnkStatMask[15:0]

AXI_SNK_WSTRB[3:0]

Rename, combine with Calendar and Config
functions, and add AXI protocol channel
handshake . Statusis now written up to 4 channels
at a time instead of 16, so WSTRB is reduced to 4
bits versus 16 bits for SnkStatMask.
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Table J-1: Sink Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

SnkStatAddr[3:0]

AXI_SNK_AWADDR][9:0]

AXI_SNK_AWVALID

SnkStatWr_n

AXI_SNK_AWREADY

Rename, combine with Calendar and Config
functions, and add AXI protocol channel
handshake. Status uses AWADDR[9:0] ranges
from 0x200 to Ox2FC

AXI_SNK_RDATA[31:0]

AXI_SNK_RVALID

AXI_SNK_RREADY

AXI_SNK_ARADDR[9:0]

AXI_SNK_ARVALID

AXI_SNK_ARREADY

Sink Status information is now readable. Pre-v11.1
cores did not have this capability. Status uses
ARADDR][9:0] ranges from 0x200 to 0x2FC. Status
is read 4 channels at a time.

AXI_.SNK_BVALID

AXI«SNK.BREADY

New AXI4-Lite Write Response Channel

SNK_BRESP.ERR[7:0]

New AXI4-Lite interface error signaling

Sink Static Configuration
Interface

Sink AXI4-Lite’Control Interface

NumDip4Errors[3:0]

NumTrainSequences[3:0]

SnkCalendarM[7:0]

SnkCalendarLen[8:0]

SnkAFThresAssert[8:0]

SnkAFThresNegate[8:0]

RSCIkDiv

RSClkPhase

FifoAFMode[1:0]

AXI_SNK*, SNK_BRESP_ERR([7:0]

Created new read/write memory space for these
parameters. Combined with Calendar and Status
funetions, and uses AXI4-Lite Control interface to
perform reads and writes. Configuration memory
uses AWADDR[9:0] and ARADDR][9:0] ranges
from 0x300 ter0x30C

Sink Clocking interface

Sink Clocking interface

RDCIk0_User RDCIk0_User No Change
RDCIkDiv_User RDCIkDiv_User No Change
SnkClksRdy_User SnkClksRdy_User No Change
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Source Core Port Changes

Table J-2: Source Core Port Map from v10.x to v11.1

Table J-2 details changes to the Source Core port naming, additional or deprecated ports,
and polarity changes from v10.x and earlier cores to v11.1. Note that none of the SPI-4.2
Interface signals have changed, as their behavior is described by the OIF-SPI4-02.1 System
Packet Interface Phase 2 standard.

Version 10.x and earlier

Version 11.1

Notes

Source Control and Status

Source Control and Status

Reset_n Reset_n No Change

SrcEn SrcEn Changed to SysClkDiv_User domain

SrcOof SrcOof Changed to SysClkDiv_User domain

SrcDIP2Err SrcDIP2Err Changed to M_AXIS_SRCSTAT_ACLK
domain

SrcStatFrameErr SrcStatFrameErr Changed to M_AXIS_SRCSTAT_ACLK
domain

SrcPatternErr StePatternErt No Change

IdleRequest IdleRequest Changed to SysClkDiv_User domain

TrainingRequest TrainingRequest Changed to SysClkDiv_User domain

SrcTriStateEn SrcTriStateEn Changed to SysClkDiv_User domain

SrcOofOverride SrcOofOverride Changed to SysClkDiv_User domain

Source FIFO Interface

Source AXI4-Stream FIFO Interface

SrcFifoReset_n

S_AXIS_SRCFF_ARESETN

Rename

SrcFFClk

S_AXIS_SRCFF_ACLK

Rename

SrcFFWrEn_n

S_AXIS_SRCFF_TVALID

Rename,'change sense (now active high),
and requires handshake with
S_AXIS.SRCFF_TREADY

SrcFFAddr([7:0] S_AXIS_SRCFF_TID[7:0] Rename

SrcFFData[63:0],[127:0] S_AXIS_SRCFF_TDATA[63:0], [127:0] Rename

SrcFFMod|[2:0],[3:0] S_AXIS_SRCFF_TKEEP[7:0], [15:0] Rename, changeto byte qualifier indicating
which are valid bytes

SrcFFSOP S_AXIS_SRCFF_SOP Rename

SrcFFEOP S_AXIS_SRCFF_TLAST Rename

SrcFFErr S_AXIS_SRCFF_ERR Rename

SrcFFAlmostFull_n

S_AXIS_SRCFF_TREADY

Rename. If FIFO is AlmostFull,
S_AXIS_SRCFF_TREADY de-asserts

SrcFFOverflow_n

Removed. FIFO cannot overflow since
S_AXIS_SRCFF_TREADY will de-assert on
Almost Full.
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Table J-2: Source Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

Source Calendar Control
Write Interface

Source AXI4-Lite Control Interface

SrcCalClk AXI_SRC_ACLK Rename, combine with Status and Config
functions
SrcCalData[7:0] AXI_SRC_WDATA[31:0] Rename, combine with Status and Config

SrcCalWrEn_n

AXI_SRC_WVALID

AXI_SRC_WREADY

AXI_SRC_WSTRBJ[3:0]

functions, and add AXI protocol channel
handshake. Now writes up to 4 calendar
spaces at once, instead of one at a time

SrcCalAddr[8:0]

AXI_SRC_AWADDR][9:0]

SrcCalWrEn_n

AXI_SRC_AWVALID

AXI_SRC_AWREADY

Rename, combine with Status and Config
functions, and add AXI handshake.
Calendar uses AWADDR[9:0] ranges from
0x000 to 0x1FC

AXI_SRCIBVALID

AXI_SRC_BREADY

New AXI4-Lite Write Response Channel

SRC_BRESP_ERR[7:0]

New AXI4-Lite interface error signaling

Source Calendar Control
Read Interface

Source AXI4-Lite Control dnterface

SrcCalClk AXI_SRC_ACLK Rename, combine with Status and Config
functions
SrcCalDataOut[7:0] AXI_SRC_RDATA[31:0] Rename, combine with Status and Config
SRC functions, and add AXI protocol channel
AXI_SRC_RVALID handshake. Now reads up to 4 calendar
AXI_SRC_RREADY spaces at'onceyinstead of one at a time
SrcCalAddr[8:0] AXI_SRC_ARADDR]9:0] Rename;combine with Status and Config

AXI_SRC_ARVALID

AXI_SRC_ARREADY

functions, and add‘AXI protocol channel
handshake. Caléndardises ARADDR[9:0]
ranges from 0x000 t6 0x1FC

SRC_BRESP_ERR[7:0]

New AXI4-Lite interface'error signaling

Source FIFO Status
Interface (Transparent)

Source AXI4-Stream Status Interface

TSClk_User

M_AXIS_SRCSTAT_ACLK

Derive from TSClk_P/N from SPI-4.2
interface

SrcStat[1:0]

M_AXIS_SRCSTAT_TUSER([1:0]

Rename only

SrcStatCh[7:0] M_AXIS_SRCSTAT_TID[7:0] Rename only
SrcStatChValid M_AXIS_SRCSTAT_TVALID Rename only
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Table J-2: Source Core Port Map from v10.x to v11.1

Version 10.x and earlier

Version 11.1

Notes

Source FIFO Status
Interface (Addressable)

Source AXI4-Lite Control Interface

SrcStatClk

AXI_SRC_ACLK

Rename, combine with Calendar and
Config functions

SrcStat[31:0]

AXI_SRC_RDATA[31:0]

AXI_SRC_RREADY

AXI_SRC_RVALID

Rename, combine with Calendar and
Config functions, and add AXI protocol
channel handshake. Status is now read 4
channels at a time instead of 16. Status
space is not writeable via the AXI4-Lite
interface.

SrcStatAddr([3:0]

AXI_SRC_ARADDR[9:0]

AXI_SRC_ARREADY

AXI_SRC_ARVALID

Rename, combine with Calendar and
Conlfig functions, and add AXI protocol
channel handshake. Status uses
ARADDR][9:0] ranges from 0x200 to 0x2FC

SRCBRESP"ERR[7:0]

New AXI4-Lite interface error signaling

Source Configuration
Interface

Source AXI4-Lite/Control Interface

SrcBurstMode

SrcBurstLen[9:0]

SrcAFThresAssert[8:0]

SrcAFThresNegate[8:0]

SrcCalendar_M][7:0]

SrcCalendar_Len[8:0]

DataMaxT[15:0]

AlphaData[7:0]

NumDip2Errors[3:0]

NumDip2Matches[3:0]

AXI_SRC*,
SRC_BRESP_ERR[7:0]

Created new read /write memory space for
these parameters. Combined with
Calendar and Status functions, and uses
AXI4-Lite Control interface to perform
reads.and writes. Configuration memory
uses AWADDR[9:0] and ARADDR[9:0]
ranges from 0x300 to 0x310

Source Clocking Interface

Source Clocking Interface

SysClk0_User

SysClk0_User

No Change

SysClkDiv_User

SysClkDiv_User

No Change

TSClk_User

M_AXIS_SRCSTAT_ACLK

Combine with M_AXIS_SRCSTAT_ACLK.

SPI1-4.2v12.2
UG784 July 25, 2012

www.xilinx.com

215



http://www.xilinx.com

Appendix J: Migrating to SPI-4.2 v11.2 and Later & XILINX.

7
2
s

216 www.xilinx.com SPI-4.2 v12.2
UG784 July 25, 2012


http://www.xilinx.com

	LogiCORE IP SPI-4.2 v12.2
	Revision History
	Table of Contents
	Schedule of Figures
	About This Guide
	Contents
	Additional Resources
	Conventions
	Typographical
	Online Document


	Introduction
	System Requirements
	About the Core
	Recommended Design Experience
	Additional Core Resources
	Technical Support
	Feedback
	SPI-4.2 Core
	Document


	Licensing the Core
	Core Overview
	System Overview
	Sink Core
	Source Core

	Sink Core Interfaces
	Sink SPI-4.2 Interface
	Sink User Interface

	Source Core Interfaces
	Source SPI-4.2 Interface
	Source User Interface


	Customizing and Generating the Core
	Graphical User Interface
	Main Screen
	Component Name
	Core Options
	XDC File Options

	Sink Status Options Screen
	Calendar
	Flow Control
	Status Interface

	Sink Other Options (1) Screen
	Synchronization
	FIFO Threshold
	Read Mode
	Clocking

	Sink Other Options (2) Screen
	DPA Options
	SPI-4.2 Sink Bus Options

	Source Status Options Screen
	Calendar
	Status Interface
	Synchronization

	Source Other Options (1) Screen
	Bursting
	FIFO Threshold

	Source Other Options (2) Screen
	Clocking
	SPI-4.2 Source Bus Options

	Calendar COE File Format

	Designing with the Core
	General Design Guidelines
	Know the Degree of Difficulty
	Understand Signal Pipelining
	Keep it Registered
	Recognize Timing Critical Signals
	Use Supported Design Flows
	Make Only Allowed Modifications

	Initializing the SPI-4.2 Core
	Sink Core
	Basic Operation
	SPI-4.2 Interface
	Sink User Interface
	Sink Data Capture Implementation
	Synchronization and Startup
	Error Handling

	Source Core
	Basic Operation
	SPI-4.2 Interface
	SPI-4.2 Source User Interface
	Synchronization and Startup
	Error Handling


	Constraining the Core
	Overview
	SPI-4.2 Core Constraints
	Sink Core Required Constraints
	Sink Core Optional Constraints
	Source Core Required Constraints
	Source Core Optional Constraints

	User Constraints
	Constraints Migration
	New Target Region or Device Package
	Modifying the User Constraints File
	Special Consideration for Dynamic Phase Alignment


	Special Design Considerations
	Sink Clocking Options
	Global Clocking
	Regional Clocking
	IDELAY on RDClk for DPA Clock Adjustment

	Source Clocking Options
	Global Clocking
	Regional Clocking

	Clocking Guidelines
	Regional Clocking Considerations
	7 Series LVTTL Status I/O Considerations
	Instantiating IDELAYCTRL Modules

	Example Design
	Example Design Configuration
	Loopback Module
	Basic Loopback Operation

	Demonstration Test Bench
	Clock Generator
	Startup Module
	Stimulus Module
	Procedures Module
	Data Monitor
	Status Monitor
	Customizing the Demonstration Test Bench
	Testcase Package
	Testcase Module
	Calendar Sequence Files (Sink and Source)


	Messages and Warnings
	Data and Status Monitor Warnings

	VHDL Details
	Procedures Module

	Verilog Details
	Procedures Module
	Random Testcase Sample Code

	SPI-4.2 File Descriptions
	SPI-4.2 Control Word
	SPI-4.2 Calendar Programming
	Overview
	Example 1
	Example 2
	Example 3


	Debugging
	Alignment Issues

	SPI-4.2 Core Verification
	SPI-4.2 Source Interface Timing Budget
	Migrating to SPI-4.2 v11.2 and Later
	Interface Differences
	Sink FIFO Interface
	Sink Calendar Control Interface
	Sink FIFO Status Interface
	Sink Static Configuration Interface
	Source FIFO Interface
	Source Calendar Control Interface
	Source FIFO Status Interface
	Source Static Configuration Interface

	Core Initialization Sequence Differences and Resets
	Sink Core Port Changes
	Source Core Port Changes




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




