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55/\75 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125 ¢ New Project e
SEA| EfE-FPGARE O B
1. HEFPGATLTE Project Name
(1) EVivadoT%@IE Enter a name for your project and specify a directory where the project data files will be stored. ‘

File-->Project-->New

(a) TLFE4FR(DDR3_intf) X 47
fi# B % (D:/FPGA_DDR3_I0)111 /&8

-1 Project name: DDRB_intII
( b|3 I%if%ﬁ']@? E i Project location: DJ/FPGA_DDR3_IO
-=-> Nex

Greate project subdirean

Project will be created at D:/FFPGA_DDR3_IO/DDR3_intf

@ < Back Next = Finish Cancel

K 8-1 #TEEFPGA THE-1

 REERE. http://ww. icfedu.c/  WSUEHE: https://shop296232497. tacbao.con/ | El



/\5 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125 ¢ New Project X
SEB FEAR-FPGARE 1T
1. FHEFPGATLIE Project Type
(2) 1%&#ERTL Project Specify the type of project to create. ‘
FEAE B LRE TR BT AS
AN INAAH YR S
izﬂ K. 8-2

+ RTL Project
--> Next

You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL
analysis, synthesis, implementation, design planning and analysis.

¥ Do not specify sources at this time

Post-synthesis Project: You will be able to add sources, view device resources, run design
analysis, planning and implementation.

Do not :[_":'_”. sources at this time

@ < Back Finish Cancel

K 8-2 #TEEFPGA THE-2
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MT41J128M16HA-125 Py ERCmE sex X
A A\ A
L FEAR-FPGARE O BTt
ﬁ IE Default Part
1. ’%f FPGA Choose a default Xilinx part or board for your project. This can be changed later. ‘
)
» »
1% B 1% $& xc7a100fgg676-2
lll] E8'3 Parts | Boards
--> Next Reset All Filters
Category. | General Purpose v Package: fgg676 v Temperature: = All Remaining
Family: Artix-7 v Speed: -2 v
Search: Q.- v
Part MOPInC. Availablel.. LUTElem.. FlipFlo.. BlockR. UltraR.. DS.. GbTranscei.. GTF
XC7a75tfgg676-2 676 300 47200 94400 105 0 180 8
xc7a100tfggb76-2 676 300 63400 126800 135 0 240 8
< >
@ = Back Next = Finish Cancel

K 8-3 #TEEFPGA THE-3
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5/)\m DDR3 SDRAM 5FPGA [

MT41J128M16HA-125 ¢ New Project
S VEAR-FPGAEE O ¥t

1. FEFPGATTE VIVADO'
(4) IE%J‘ZB’ ﬁn 8-4 e © AnewRTL project named 'DDR3_intf will be created.
--> Finish

New Project Summary

o The default part and product family for the new project:
Default Part xc7a100tfgg676-2
Product: Artix-7
Family: Artix-7
Package: fgg676
Speed Grade: -2

i: XI I_I NX,. To create the project, click Finish

@ = Back Next = Cancel
K 8-4 Hr#FPGA .54
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55/\75 DDR3 SDRAM 5FPGA [
¢ DDR3_IO - [Dy/FPGA_DDR3_IO/DDR3_I0/DDR3_I0xpr] - Vivado 2018.2

i%ﬁﬁ-FPG A:}%Dg& H_ File Edit Flow Tools Reports Window Layout View  Help Q- Quick Access
2. 7EHEFPGALTEYNNDDR3 -3 B L ST - D 4
%?J%%%F&j%n ﬁ Flow Navigator - B AR  PROJECT MANAGER - DDR3_I10

(1) FTFFIP catalog & H , =

X7 IP Catalog S Sources 2 _ 00 X

£+ Settings
Q = £ + o
Add Sources

> Design Sources (3)

Language Templates

F IP Catalog

v IPINTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

v SIMULATION Hierarchy

> Constraints
> Simulation Sources (1)

IP Sources

Libraries Compile Order

K 8-5 FIFFIP Catalogi I
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MT41J128M16HA-125
S VEAR-FPGARE O it
2. FEFEFPGATIERIN
DDR3 il &0
(1) 7EIP catalog O W,
I NMEM, 3 &
iEFEMemory
Interface Generator-->
Memory Interface generator

AN T —A~FHE

File  Edit Flow

=, B

Flow Navigator &
v PROJECT MANAGER
£+ Settings
Add Sources
Language Templates

TF IP Catalog

v |IPINTEGRATOR
Create Block Design

Open Block Design

Generate Block Design

v SIMULATION

Run Simulation

¥ RTL ANALYSIS

> Open Elaborated Design

Tools

-
-

Reports  Window

'.‘

?

o~

/\5 DDR3 SDRAM 5FPGA [

¢ DDR3O - [D/FPGA_DDR3_IO/DDR3_IC/DDR3_1O0xpr] - Vivado 2018.2

Layout View Help Q- Quick Access
B o X )4
PROJECT MANAGER - DDR3_IO
Sources ? 00 X Project Summary »  IP Catalog x
Q = = 4+ u Cores | Interfaces

> Design Sources (3)
p) Constraints
> Simulation Sources (1)

Hierarchy |P Sources Litda » =
Source File Pro ?_00 X
1 mig_b.prj - o 2

- ol
e -

.l @
Name
4 System Cache

hd Memories & Storage Elements

¥ ECC
w FIFOs
 FIFO Generator
v emory Interface Generators
F Mem eries)

W RAMs & ROMs
4 Distributed Memory Generator

Details

IAEI 8—6 £ ZDDR34E -1

QT



MT41J128M16HA-125
‘+§WJﬁﬁ$-FPGA?§D*&
]
2. fEHEFPGATIEGIN
DDR3 il K¥EO
(2) EFFHEFITMIG
(Memory Interface
Generator) &I H ${# H
2% (FPGA) , BT
B, FRIES (Verilog)
BT T ik .

--> Next

Q Kilinx Mermory Interface Generator

REFEREMCE
DESIGH [H]

Memory
Interface

Generator

55/)\75 DDR3 SDRAM 5FPGA #[

— Mamory Interface Generator

The Memory Interface Generator (MIG) creates memory controllers for Xilinx FPGAs. MIG creastes complete customized Verileg or YHDL RTL source code, pin-out and
design constraints for the FPGA selected, and script files for implementation and simulation.

— Vivado Project Options

below.

Selected Vivado Project Opticns:

FPGA Family
FPGA Part
Speed Grade
Synthesis Tool
Dresign Entry

This GUT includes all configurable options along with explanations to aid in generation of the required controller. Please note that some of the options selected in the
Vivado Project Options will be used in generation of the controller It & very important that the correct Vivado Project Options are selected. These options are listed

Artoe-7
xc7al00t-fggE7e
2

VIVADO
VERILCG

If any of these options are incorrect, please click on "Cancel”, change the Vivado Project Options, and restart MIG. This version of MIG is tested with
Vivado 2018.1 or later, it is not tested with previous versions of Vivado.

& 8-7 HrEFPGA T.FE-2
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MT41J128M16HA-125
S VEAR-FPGATE 1 it
2. TEFEFPGALTEANDDR3  #&4Hi
a8 KN
(3) EFHFAHEHFXMIG (Memory
Interface Generator) FJiEINAN T -
(a) MIG Output Option
i%#E: Create Design
& RTL, XDC, implementation A1}
B, BT PAARMGERA, A PA
R AR S .
(b) AR
Rmig_7series_0E AL
DDR3_INTF
(c) Z=H8%:
EE—: 1
(d) AXI4 £ 1:
ik
i8-8

--> Next

—MIG Cutput Oplicns

{¥ Create Design
Select this option to generate a memory controller. Generating a memory controller will create RTL, ¥XDC, implementation and simulation files.

i Werify Pin Changes and Update Design

Selecting this featurs verifies the modified XDC for a2 design already generated through MIG, This option will allow you to change the pin cut and validate it instanthy.
It updates the input XDC file to be compatible with the current version of MIG. While updating the XDC it preserves the pin outs of the input XDC. This option will
also generate the new design with the Component Name you selected in this page.

—Component Name

Please specify the component name for the memory interface. The design directories will be generated under a directory with this name. Three directories will be
crested "example_design”,"user_design” and “docs”. The user_design will contzin the generated memory interface, The example_design adds a simple example
application connected to the generated memory interface.

Component Name I rig_7series_0

— Multi-Controller

Up to maximum of & controllers with 2 combination of DDR3 SDRAM, QDRII+ SRAM or RLDRAM II can be generasted. The number of controllers that can be
accommodated mzy be limited by the data width and the number of banks availsble in device. Refer user guide for more information

Humber of Controllers I 1 E

— &XT4 Interface

Enabiles the AX14 interface. AXI4 interface i supported cnly for DDR3 SDRAM and DDRZ SDRAM controllers with Verilog design entry.
7 AXI4 Interface

K 8-8 HTFPGA T.F£-3
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55/)\75 DDR3 SDRAM 5FPGA #[

MT41]128M16HA 125 4 Xilink Memaory Interface Generator — d X
= - :
SV AR FPGASE [T B it e
DESIGN [H Pin Compatible FPGAs include all devices with the same package and speed grade as the target device, Different FPGA devices with the same package do not have the
2 E%EFPGAIE%}JD DDR3 E%IJ same bonded pins. By selecting Pin Compatible FPGAs, MIG will cnly select pins that are common between the target device and all selected devices. Use the default XDC
L ‘J“ in the par folder for the target part. If the target part is changed, use the appropriste XOC in the compatible_ucf folder. I a Pin Compatible FPGA is not chosen now
and later a different FPGA is used, the generated XDC may not work for the new device and a board spin may be required. MIG only ensures that MIG
%g&g I:l generated pin out is compatible among the selected compatible FPGA devices, Unselected devices wiill not be considered for compatibility during the pin allecation
process.
( 4 ) E%; i E I:I:lXﬂ‘M IG ( Memory & blank list indicates that there are no compatible parts exist for the selected target part and this pege can be skipped.
M
I nte rfa ce G e n e rato r) Eg ]ﬁﬁ ﬁn I : Q Maote that different parts in the same package will have different internal package skew values, De-rate the minimum pericd appropristely in the Controller Options page

when different parts in the same package are used. Consult the User Guide for more information.

(a ) %%;: %%'ﬁ:l‘@%t Target FPGA | xc7100t-fag76 -2
iﬁﬁ%ﬁ%ﬁxdaﬁt-fg%% Hemery Sefection Pin Compatible FPGAS
(b) EFEDDRAYLA! ontrlier Optons 5ot
DDR3_SDRAM e ¥ xcTaT5t-fgg6T6
Memory Options
DDR3L :1& %E}% ﬁlj . g I:l %51.35\/ Q Xilinx Memaory Interface Generator _ = "
>+ < —Memoary Selection
LPDDR3:%_‘$EPFH E&m&%tmmﬁ :::FGR:EE]E &l?dﬁ-.e_typegfmry'.m@m. Please refer to the UserGu'u_:IeforadEdailadﬁstofsupporhedmntmllersforea:h FPGA family. The list below shows currenthy
BAR, BREPRSEMF, Bkl e ) o o s P, e i i iy s

Select the Controller Type:

!ll] Q: 8'9 (¥ DDR2 SDRAM

{” DDR2 SDRAM

{~ LPDDRZ SDRAM

--> Next
& 8-9 HEEFPGA T FE-4
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MT41J128M16HA-125
SEBERR-FPGATE O ¥ 1t
2. EHEFPGALTEAINDDR3 i 48 K%
H

(5) EFHFEPAMIG (Memory Interface
Generator) HJETRIN T -

DDR3ZHi% TN :

(a) FF5h & H#H2500PS,400MHz

(b) ¥HIBE5PHY (WEE) KN
PPELHA: 1

(c) VCCAUXHHL & % N1.8V

(d) MemoryH2RRYE £
Components (FERDIMMS, LRDIMMS,
UDIMMS, SODIMMS, [XZH]? )

(e) HJE1.5V, %16 (? , 32? )

(f) EcCC (disable)

(g) BANK Mechine -4

(h) ORDERING --strict
K. 8-10
--> Next

/)\5 DDR3 SDRAM 5FPGA #[

Options for Controller 0 - DDR2 SDRAM

REFEREMCE
DESIGN [H

Clock Period: Choose the dock peried for the desired frequency. The allowed pericd range{2500 - 3300) & a function of the
selected FPGA part and FPGA speed grade. Refer to the User Guide for more information.

| 2500 ps 400,00 MHz
Te achieve optimum resource utilization, maintain default clock period given by the tool or a2 value greater than

L default clock period. Please contact Xilinx Technical Support for further information
PHY to Controller Clock Ratio: Select the PHY to Memary Controller dlock ratio. The PHY operates at the Memory Clock Period
chosen above, The controller operates st either 1/4 or 12 of the PHY rate, The selected Mamory Clock Pericd will limit the choices,
Viecawx_jo: Viocaux_io must be set to 2.0V in the High Performance banks for the highest data rates. Vocaux_io i not

availzble in the High Range banks. Note that Vecaux_io s common to groups of banks, Consult the 7 Series Datashests I 1BV LI
and FPGA SelectlO Resources User Guide for more information.

Memory Type: Sclect the memory type. Type(s) marked with 2 warning symbal are not compatible with the frequency ICD =
selection abowve. mponen

Memory Part: Select the memory part. Part(s) marked with a warning symbel are not compatible with the frequency IM.M1_“_23?'.“;:{:(_125
selection above. Find an equivalent part or create a part using the "Create Custom Part” button if the part needed is not

listed here. The "Create Custom Part” festure is not supported for RLDRAM I1. Create Custom Part

L L Led Lo

Memory Voltage: Sslect the Voltage of the Memory part selected. I1 oy

Data Width: Select the Data Width. Parts marked with a warning symbol are not compatible with the frequency and lﬁ
memory part selected above.

ECC: MIG supports ECC for 72 bit data width configuration. To be able to select ECC, select a data width that has ECC IB-'“I: wr j
supported. it

Data Mask: Enable or disable the generation of Data Mask {DM) pins using this check box. This option can be selectable
onhy i the memary part selected has DM pins. Uncheck this box to not use data masks and save FPGA 1/0s that are used [
for DM signals, ECC designs (DDR3 SDRAM, DDR2 SDRAM) will not use Data Mask,

Number of Bank Machines: This parameter defines the number of bank machines. A given bank machine manages a
single DRAM bank at any given time. r ﬂ
Mote:Setting a lower value wiill result in lower resource utilzation, but may effect cantroller efficiency for certain traffic

patterns.

ORDERING: Normal mode allows the memory controller to recrder commands to the memory to obtain the highest p LI
possible efficiency. Strict mode forces the controller to execute commands in the exact order recsived.

i‘ XI I I N X@ Memory Details: 1Gb, x8, row:14, col:10, bank:3, data bits per strobe:g, with data mask, single rank, 1.5V

User Guide | Version Info |




%)\ DDR3 SDRAM 5FPGA #[

MT41J128M16HA-125
S VEAR-FPGARE O it
2. 1EHEFPGATFEYSNDDR3
A RN
(6) TEF A HXMIG (Memory
Interface Generator) FETR AN :
DDR3$% il #% 2 201k 1t -
(a) DDR3FE 2% HIPLLIRIHaI A B
AZ100M
(b) RREBEKES,
sequential.
(o) ¥ HIE (T4fe) RzQ/7
(d) CS# disable
(e) RTT--nominal RZQ/4
(f) Memory Address Mapping
Selection:

[ROW:BANK:COLLUM ]?
. 8-10
--> Next

Q’ Kilinx Memory Interface Generator

REFEREMCE
DESIGN [H

Memory Options for Controller 0 - DDR3 SDRAM

E
E
<

Input Clock Period: Select the pericd for the PLL input clock (CLKIN). MIG determines the allowabls input clock periods based
on the Memory Clock Pericd entered abowve and the clocking guidelines listed in the User Guide. The generated design will use IIDDDD r— LI
the selected Input Clock and Memory Clock Periods to generate the required PLL parameters. If the required input clock pericd ps ( z)

is not available, the Memory Clock Pericd must be modified.

Choose the Memory Options for the memory device, Memory Option selections are restricted to those supported by the contreller Consult the memory vendor data
shest for more informaticn.

Read Burst Type and Length

The burst type determines the data ordering within a burst. Consult the memory datashest for more information. Burst length &8 s "

the only supported value. ISequentlaI LI
Output Driver Impedance Control

Programmable impedance for the output buffer I REQ7 LI

Controller Chip Select Pin
The Chip Select (CS#) pin can be tied low externally to save one pin in the address/command group when this selection is s=t to I bl ;I
'Disable’. Disable is only valid for single rank configurations, =2

RTT (nominal) - On Die Termination (ODT)

Salect the nominal value of ODT for the DQ, DQS/DQS# and DM signals on the component or DIMM interface. This must be set to
RZQ6 i(40 chms) for data rates at 1333 Mbps and abowve. In 2 slot DIMM configuations this value will be used for the unwritten skot I REQ4 LI
during a write and will also be used for the unselected skot during a read. Use board level simulation to choose the optimum value,

—Memory Address Mapping Selection

User Address

A
0

[eank ]| coumn |

 |eank | ROW | coumn |

K 8-11 FEFPGA T




MT41J128M16HA-125
S VEAR-FPGATE 1 it

2. 1EHEFPGATFEYSNDDR3
s O

(7) fZEH A HE T EMIG (Memory Interface

Generator) HJiETUN T -
DDR3#% fill s 2 £ 35k 1t -

(a) RGHIH: No buffer

(b) ZHW 5. No buffer

(c) RFEE AWM

(d) Debug Signals Control: Disable

(e) W/HMEE Vref , N D

(f) 10FF(K Ty #E---ON

(g) fEHXADC, 1E VIR E, FRIAEEDQSH M
Enable

. 8-10

--> Next

/)\5 DDR3 SDRAM 5FPGA #[

Q Xilinx Memery Interface Generater

REFERENCE
DESIGN EH

& XILINX

— O

—System Clock

Choose the desired input clock configuration. Design dlock can be Differential or Single-Ended.

System Clack No Buffer =]
—Reference Clack

Choose the desired reference dlock configuration. Reference dlock can be Differential or Single-Ended.

Reference Clock No Buffer LI
— System Resst Polarity

Choose the desired System Reset Polarity.

System Reset Polarity ACTIVE LOW |

—Debug Signaks Contral

This festure allows various debug signaks present in the IP to be monitored on the ChipScope tool. The debug signaks indude status signaks of various PHY
calibration stages. Enabling this feature will connect all the debug signalks to the ChipScope ILA and VIO cores in the example design top module. A part of each bus
in the debug interface has been grounded so that users can replace the grounded signaks with the required signals.

Debug Signals for Memory Controller |oFF |

This selects the value of Sample Data depth for Chipscope ILA used in Debug legic.
Sample Data Depth 1024 =]

—Internal Vref

Internal Vref can be used to allow the use of the Vref pins as normal IO pins. This option can anly be used at 800 Mbps and lower data rates. This can free 2 pins per
bank where inputs are used. This satting has no effect on banks with enly outputs.

Internal Vref v

—IO Power Reduction

Significantly reduces average 10 power by automatically disabling DQY QS IBUFs and internal terminations during WRITEs and pericds of inactivity

10 Power Reduction ON LI

—XADC Instantiation

The memary interface uses the temperature reading from the XADC block to perform temperature compensation and keep the reed DQS centered in the data
windcw, There is one XADC block per device. If the XADC is not currently used anywhere in the design, enable this option to have the block instantisted. If the
XADC is already used, disable this MIG option. The user is then required to provide the temperature value to the top level 12-bit device_temp_i input port. Refer to
Answer Record 51687 or the UGS86 for detsiled information.

XADC Instantiation | Enabled |

User Guide | Version Info |
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MT41J128M16HA-125

i%ﬁﬁ'FPGA% !:l '&‘VI‘ Internal Termination for High Range Banks
2' E%@FPGAIE%&bD DDR3 Selact the internal termination (IN_TERM) impedance for the High Range (HR) banks. This setting applies only to the HR banks used in the interface.
E%’J%%&g H Internal Termination Impedance | 50 Ohms

(8) fEHFH AP XIMIG (Memory Interface
Generator) FJIETA1 T -
DDR3#% fill s 2 £ 35k 1t -
HR BANKI N BH LI B, e #E50BK

B, HR BANK 5 HP BANK[K X 7| ?

--> Next

& 8-12 %ii%FPGAIi%—? @



o

%/\75 DDR3 SDRAM 5FPGA [
MT41J128M16HA-125 B

LB ER-FPGARE O it S— :
2. E%EFPGAIE%\%}JDDDR3 Internal Termination for High Range Banks
}éf-ﬁ“ %g&j% I:I Select the internal termination (IM_TERM) impedance for the High Range (HR) banks. This setting applies only to the HR banks used in the interface.
(9) fEH A HAMIG (Memory i |50 Ohes

Interface Generator) FJZETLAT T
DDR3 ¥z fill #x 2 ik it »
(a) HR BANK[ A ERFHST 1L E

16 50K 4}
(b) Pin/Bank iEFA
[ 5 0 H S G
BE G HR BANK 5 HP BANKF X 5 ? ~ Pin/Bank Selection Mode
--> Next . {" Mew Design: Pick the optimum banks for a new design

{* Fixed Pin Out: Pre-existing pin out is known and fixed

K 8-12 FrFPGATHE-7
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MT41J128M16HA-125
LI FERR-FPGARE 1 5Tt
2. 1EHEFPGATFEYSNDDR3
a8 LD
(10) £ AP *ITMIG (Memory Interface Generator)
BTN T -
DDR3#% fill s 2 £ 35k 1t -
(a) HR#EEgREiE &1 EH
IR EZHXDC (UCF) ST AT DA E 2 EL

P& LTIIE
(b) validate

--> Next

_@-

/)\75 DDR3 SDRAM 5FPGA [

4 Xilinx Memary Interface Generator — O *
TS Pin Selection For Controller 0 - DDR3 SDRAM
DESIGN EH
Signal Name Bank Number Byte Number Pin Murmber 10 Standard |~
1 ddr3_dq[0] 13 || 1o ¥I5 - S5TL15
2 ddr3_dq[1] 13 || 1o V24 - S5TL15
3 ddr3_dq(2] 13 3 T0 AAZS j SSTL1S
4 ddr3_dql3] " j T u2s j SSTL1S
Pin Compatible FPGASs v = =]
5 ddr3_dq[4] 13 |l 1o Y6 - S5TL1S
Memory Selection v = =
[ ddr3_dq[5] 13 || To V25 - SSTL1S
Controller Options v = —
7 ddr3_dg[e] 13 3 T W25 3] SSTL15
AXI Parameter —
8 ddr3_dq[7] 13 || 1o W2 - SSTL15
‘Memory Options V — —
9 ddr3_dq[8] 13 |l T Y3 - S5TL1S [
FPGA Options v = —
10 ddr3_dq(9] 13 3 T ARZ2 j SSTL1S
Extended FPGA Options v
11 ddr3_dq[10] 5 j n w23 j SSTL1S
10 Planning Options v = =
12 ddr3_dg[11] 13 hd| k! A3 hd S5TL1S
13 ddr3_dg[12] 13 || T V23 - SSTL1S
System Signals Selection = =
14 ddr3_dg[13] 13 3 T AB2S j SSTL15
Summary
15 ddr3_dg[14] 13 hd| k! Uz hd SSTL15
Simulation Options = =
16 ddr3_dq[15] 13 |l T AAZ4 - S5TL15
PCB Information — —
17 ddr3_dml[0] 13 3 T Uz j SSTL15
Design Notes
18 ddr3_dml[1] 3 j m vz j SSTL1S
=
19 ddr3_dqs_p[0] 13 3 TO AB2E - DIFF_S5TL153
20 ddr3_dqs_n[0] 13 j TO ACIE - DIFF_SSTL15
Adrl Aee wl j T o 11 NIEE €CTI 18 ﬂ

30 ([ \)/ = mm—

I Read}([XIJLlCFI Save PinOut |
£

User Guide | \érs'mlnfol

K 8-13 HrFPGALFE-8




%/)\5 DDR3 SDRAM 5FPGA #[1

MT41J128M16HA-125
SEB VR -FPGARE O ¥ it
2. FEHEFPGATLFEYNDDR3
A KN
(11> £EHr i xMIG
(Memory Interface Generator) ]
TN -
DDR3$% il #% 2 £k 1t -
(a) HRIEEABEZ

B I
mKE: 814
--> Next
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Q Xilinx Memory Interface Generator

REFERENCE

DESIGH [H
Pin Compatible FPGAs v
Memory Selection U
Controller Options v
AXI Parameter
Memory Options v
FPGA Options v
Extended FPGA Options v
IO Planning Options 1
Pin Salaction | 4

— System Signals Selection

g

Selact the system pins below appropristely for the interface. Customization of these pins can ako be made in the XDC after the design is generated. For more information

sea LMGEES Bank and Pin rules,

System Clock and Reference Clock pin selections will not be visible if the "No Buffer” option was selected in the FRGA Options page.

—Status Signals

These signaks may be connected internally to other logic or brought cut to a pin.
* sys_rst: This input signal is used to reset the interface,

constraint will be generated in XDC for Example design only based on "Pin Number” selection below.

Design.

Signal Mame Bank Number Pin Number
1 sys_rst 34 j M4{DQS) j
2| init_calib_complete |14 - || P15{DGQS) -
3| tg_compare_error |14 j N1& -

| | i

» init_calib_complete: This signal indicates that the interface has completed calibration and memory initialization and is ready for commands, LOC

* arror: This cutput signal indicates that the traffic generator in the EBxample Design has detected a data mismatch. This signal doss not exist in the User

K 8-14 FrEFPGA T F£-9
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MT41J128M16HA-125
SEA5| AR -FPGARE O ¥L it
2. [EHEFPGATIERIDDR3
A8 O
(12) fE# i XMIG

(Memory Interface Generator) [

IR F -
DDR3$% il 45 Z ik 1l :
(a) Summary

K. 8-15

--> Next

Accept
--> Next

Generate
--> Next

SERE H it

 REERE. http://w. icfedu.c/  WSUEHE: https://shop206232497. tacbao.con/ | EN

Q Xilinx Memaory Interface Generator

REFERENCE
DESIGN [H

& XILINX

Vivado Project Options:
Target Device
Speed Grade
HDL
Synthesis Tool

MIG Cutput Options:

Check Accept or Decline to procesd. By clicking Accept, memaory model will be output in the simulation directory. By dicking Decline, 2

If any of the above options are incorrect, please click on "Cancel™,
Project Options, and restart MIG.

: xcTal00t-fggeTe
o =

: verilog

: VIVADO

Module Name : DDR3_intcf
Ho of Controllers =l |
Selected Compatible Dewvice (s) : xcTa75t-fggeTe

memory model must be acquired and configured appropristehy.

DISCLAIMER OF WARRANTY: THE MODEL IS PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND. MTI
EXPRESSLY DISCLAIMS ALL WARRANTIES EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO,
MONINFRINGEMENT OF THIRD PARTY RIGHTS, AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR ANY PARTICULAR PURPOSE. MTI DOES NOT WARRANT THAT THE MODEL WILL MEET YOUR REQUIREMENTS,
OR THAT THE OPERATION OF THE MODEL WILL BE UNINTERRUPTED OR ERROR-FREE. FURTHERMORE, MTI DOES
NOT MAKE ANY REPRESENTATIONS REGARDING THE USE OR THE RESULTS OF THE USE OF THE MODEL IN TERMS
OF ITS CORRECTNESS, ACCURACY, RELIABILITY, OR OTHERWISE. THE ENTIRE RISK ARISING OUT OF USE OR
PERFORMANCE OF THE MODEL REMAINS WITH YOU. IN NO EVENT SHALL MTI, ITS AFFILIATED COMPANIES OR
THEIR SUPPLIERS BE LIABLE FOR ANY DIRECT, INDIRECT, CONSEQUENTIAL, INCIDENTAL, OR SPECIAL DAMAGES
{INCLUDING. WITHOUT LIMITATION. DAMAGES FOR LOSS OF PROFITS. BUSINESS INTERRUPTION. OR LOSS OF

Print |

change the CORE Generator

-

% Accept

i Decline

User Guide | Mersion Info |

Cancel
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% /)\75 DDR3 SDRAM 5FPGA [

PROJECT MANAGER - DDR3_intf

MT41J128M16HA-125 o e reere: prer——
i% Eﬁﬁ'FPGA% D )&‘H‘ Q - =2 + 0 o d/FPGA_DDR3_IO/DDR3 intf;DDRS intf.srcs/sources_1/ip/ddr3_intiddra
2. TETEFPGA 2% MDDR3 Ty m—— ailiel sislel miol |
FEH A% RO ST

GE | J ) ko ok ok ok o o o 5 ok o o o 5 o ok o o o o
(13) 7EF A X MIG (Memory Interface »__Configuration Files (1) i’? ’fiaerr‘"i Si""_‘:’;f‘z‘z'fg
7 BT R g 1 4 b > = Constraints 68 e
Generator) Eﬁm*ﬁﬁ%ﬁ{j‘f;ﬁ’fﬁ > Simulation Sources (1) = !
70 ' module ddr3 intf

(1) %‘EEEEBZEI’\JIP core (DDR3) ﬁﬂE :; el ddr3 dg,

inout [15:0]

KR~ (E8-16) 73 | inout [1:0] ddr3_dgs n,
(2) File->Text Editor->new file e jf;oft_ et SR
15 . Qutputs
(3) $TH ddr3_|ntf(ddr3_|ntf-v> 76 | output [13:0] ddr3_addr,
(&) S O BT SO o 17 | output [2:0
vy, S > Mo T A D b 78 cutput ddr3_ras n,
(5> ﬁ/ﬁ%%ﬁz/ﬁ:j\jddr"‘%—topv Hierarchy | IP Sources  Libraries  Compile Order 79 output ddr3_cas_n,
80 output ddr3_we n,
Source File Properties 2 _ 00 % 81 output ddr3 reset n,
) g2 . output [0:0] ddr3 ck p,
i “ b 83 output [0:0] ddr3_ck n,
o e - 84 output [0:0] ddr3 cke,
85 output [1:0] ddr3 dm,
Location: dJ/FPGA_DDR3_IO/MDR3_IntiDDR3_intf.srecsi/sources_1/ip/ddr3_ 86 output [0:0] ddr3 odt,
T )" 87 // Inputs
GeneralF'ropernes """"""""""""""""""""""""""""""" gg . ) /4 Single—ended system clock

K 8-16 DDR3 IP
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MT41J128M16HA-125

55/\75 DDR3 SDRAM 5FPGA [

ddr3 intf u ddr3 intf (

// Memory interface ports

N > ﬁ g “&‘H" .ddr3 addr (ddr3 addr), // output [13:0] ddr3 addr
;M-ﬁ# FPGA D .ddr3 ba (ddr3_ba), // output [2:0] ddr3 ba
N/ .ddr3 (ddr3 V. [ff tput ddr3
2. E%@FPGAIE%bD DDR3 .ddiB:Zii_n (ddis:Zii;;l, /7 oE:pE: [0:0] ddiB:Zla:;n
.ddr3 ck p (ddr3 ck p), // output [0:0] ddr3_ck p
E%IJ %&% D -ddr3_cke (ddr3_cke), // output [0:0] ddr3_cke
-ddr3_ras n (ddr3_ras_n), // output ddr3_ras n
.ddr3 t (ddr3 t n), /f tput ddr3 t
( 13) DDR3%%EDE& EZ )EH : .ddis:‘i:i: - (ddis:‘i:i:),_n /i outgﬁtpu ddr3_wz_;rese -
4 . .ddr3_dg (ddr3 dg), // inout [15:0] ddr3 dg
(1) {ECLAIRH H R Fddr3_inttveoSC I FTTF, SHIME St RN
‘/_’ N E - .ddr3 dgs_p (ddr3 dgs_p), // inout [1:0] ddr3 dgs p
E/\])E' {AI/{L‘F ﬁl:l 8_17 .init_calib complete (init_calib_complete), // output init_calib_complete
=~ ’
ﬁnzlg*)‘[‘ﬁ(] H %ﬁn—l:‘. .ddr3 dm (ddr3_dm), // output [1:0] ddr3 dm
O .ddr3 odt (ddr3 odt}, [/ tput [0:0] ddr3 odt
i ;pgiicaticm interface ports i e i
.app_addr (app_addr), // input [27:0] app_addr
. . . . .app_cmd (app_cmd), // input [2:0] app_cmd
D:\FPGA_DDR3_IO\DDR3_intf\DDR3_intf.srcs\sources_1\ip\ddr3_intf .e=r-= (app_em) /1 inpue app_en
o . - - - - .app_wdf_data (app_wd£f_data), input [127:0] app_wdf_data
( 2 > ?{ZJ-EJJD PLL*Eﬁ% -alﬁlﬁ_“'df_end (aﬁﬁ_wdf_end} . Ff inpﬁt aﬁﬁ_wdf_end
2l AL .app_wdf wren (app_wdf_wren), // input app_wdf wren
Y; = d dat ( d data), // tput [127:0] d dat
(1) HNFIBR50Mhz, 53\ Eoge g gt o waicpniady
.a rd data walid (a rd data walid), [/ output a rd data wvalid
( 2 > ?ﬁ II:EI Hj‘%l:[:’ 1OOM hz ’ nl] ;g SyS_CIk .a]ﬁ]ﬁ:rd; B (aﬁﬁ:rd;} , ?,-" output i app_rdy S e
.app_wdf rdy (app_wdf rdy), // output app_wdf rdy
( 3 > ?ﬁﬁ ﬁ HTJ‘%EF ZOOM hZ ’ C|k_ref,£gﬁﬁ ,fﬁlo delayfﬁIE -app_sr_req (app_sr_req), // input app_sr_req
N . = .app_ref_req (app_ref req), // input app_ref_req
(4) %XWIFE @E%SYS C|k, clk_ref, pII locked, NSys_rst; -eee_zareq (G ZeL el /4 s STEE_ZELEE
é 5. N - - - - .app_sr_active (app_sr_active), // output app_sr_active
N 4= o -app_ref_ack (app_ref_ack), // output app_ref ack
( 5 > /% /}EE{M H ?ﬁﬂ _F * .app_zq_ack (app_zgq_ack), // output app_zq_ack
.ui clk (ui clk), // tput i clk
always@(posedge SyS_CIk) .Ei:Zlk_sync_rst (Ei:Zlk_sync_ertl}l,)u // output i ui_clk sync_ rst
begin -app_wdf mask (app_wdf mask), // input [15:0] app_wdf mask
// System Clock Port
t< ” I k d .sysi:llecfi = R (sys_clk i),
nsys rst<= ocked: 7/ met e B
y o p - ! .clkir:;i:i_lce R (clk_ref i),
end .sys_rst (sys_rst) // input sys_rst

Vi
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55/)\75 DDR3 SDRAM 5FPGA #[

MT41J128M16HA-125-- SEHIEAR-FPGARE O i 1H1E S iR

Signal name

app_addr[ADDR_WIDTH - input
1:0]

app_cmd[2:0] Input
app_en Input
app_rdy Output
app_hi_pri Input
app_rd_data Output
[APP_DATA WIDTH - 1:0]
app_rd_data_end Output
app_rd_data valid Output
app_sz Input

Description

This input indicates the address for the current request.

This input selects the command for the current request.

This is the active-High strobe for the app_addr[], app_cmd[2:0],
app_sz, and app_hi_pri inputs.

This output indicates that the Ul is ready to accept commands.
If the signal is deasserted when app_en is enabled, the current
app_cmd and app_addr must be retried until app_rdy is
asserted.

This active-High input elevates the priority of the current
request.

This provides the output data from read commands.

This active-High output indicates that the current clock cycle is
the last cycle of output data on app_rd_data[]. This is valid only
when app_rd_data_valid is active-High.zai

This active-High output indicates that app_rd_data(] is valid.

This input is reserved and should be tied to 0.

HETiE KR HE, [ROW+BA+COL)

RTER A4, 0005, 001--i

BT MBS, (ERRAPPIIMAL, 14

48

TR R IUIME & S R UORT i &, R fEapp_en
fEREJE %5 S, & Atk 7 B Rk

I ZHrar L HLsed, FMrh A
ieillibk-les

TR AR v B e — SRR, RATE
app_rd_data_valid 7= B 45 %

=i FL°F 4 7vapp_rd_datal] A 2%

RE, HIAO

% 8-1 DDR3 O MNHEMS
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55/)\75 DDR3 SDRAM 5FPGA #[

MT41J128M16HA-125--

SEBVEAR-FPGARE O ¥ iHE SR

Signal name | Direction | Description ¢

app_wdf data
[APP_DATA_WIDTH - 1:0]

app_wdf_end

app_wdf _mask
[APP_MASK_WIDTH —
1:0]

app_wdf_rdy

app_wdf wren

app_correct_en_i

app_sr_req

ann <r active

input

Input

Input

Output

Input

Input

Input

Orutnt it

This provides the data for write commands.

This active-High input indicates that the
current clock cycle is

the last cycle of input data on
app_wdf_data][].

This provides the mask for app_wdf_data[].

This output indicates that the write data
FIFO is ready to receive

data. Write data is accepted when
app_wdf rdy = 1’b1 and

app_wdf wren = 1’b1.

This is the active-High strobe for
app_wdf_data][].

When asserted, this active-High signal
corrects single bit data

errors. This input is valid only when ECC is
enabled in the GUI.

In the example design, this signal is always
tied to 1.

This input is reserved and should be tied to
0.shu

Thic otitntit i recerved

B i 2 Ja BRI S HdE

TIPS S R R S 2 iR e R

3 R L

&

R BEAEZ M X FIFORT ARG 2dE, B
app_wdf_rdy = 1’b1 5app_wdf_wren = 1'b1.#H
MR BHIRA =%

5 fi ke

FEECCH MG, WA Ron] B i —
(DAZN7S

fREE, %0

yLnN=




55/)\75 DDR3 SDRAM 5FPGA #[

MT41J128M16HA-125-- SEHEfE-FPGARE i&iﬂé SRR

Signalname _ Direction _ Description _________ W& ________

app_ref _ack Output This active-High output indicates that the Memory Controller 11 P 7 ) e E4i%3|DDR#E M
has sent the requested refresh command to the PHY interface

app_zq_req Input This active-High input requests that a ZQ calibration command Hdmvm D R &
be issued to the DRAM.
ui_clk Output This Ul clock must be a half or quarter of the DRAM clock. Mg, 25— 801/4 FIDDRIN #HA53
init_calib_complete Output PHY asserts init_calib_complete when calibration is finished. TS 5E 1 B v
app_ecc_multiple_err[7:0]  Output This signal is applicable when ECC is enabled and is valid along RAEEECCIEREMIIG L T AR, FEREA RN
with app_rd_data_valid. The app_ecc_multiple_err[3:0] signal is app_ecc_multiple_err[3:0]7E 4 £ 2 4k 5 247 5
non-zero if the read data from the external memory has two bit I AERE . R R SECDEDS %, ZHLH|
errors per beat of the read burst. The SECDED algorithm does AN, AWMt —1ERE.

not correct the corresponding read data and puts a non-zero
value on this signal to notify the corrupted read data at the Ul.

ui_clk_sync_rst Output This is the active-High Ul reset. m BAFAE VIR AL E 5

app_ecc_single_err[7:0] Output This signal is applicable when ECC is enabled and is valid along REHEECCH RIS I N A 2L, BRI
with app_rd_data_vali. The app_ecc_single_err signal is app_ecc_multiple_err[3:0]7E A & 25 A 14745
non-zero if the read data from the external memory has a single B HAEFE . R R SECDEDS %, L
bit error per beat of the read burst. HANE, At — 1 ERE.

%% 8-3 DDR3 EHOMNHEMS
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£ J\* DDR3 SDRAM 5FPGA #2[]
MT41J128M16HA-125-- FPGAN AR, EEENX
EHESE X

Wire init calib complete ; // output init calib complete
reg [27:0] app addr; // input [27:0] app_addr
wire [2:0] app_cmd; // input [2:0] app cmd
wire app _en; // input app_en
wire app rdy; // output app rdy
wire [127:0] app wdf data; // input [127:0] app wdf data
wire app wdf end; // input app wdf end
wire app wdf wren; // input app wdf wren
wire app wdf rdy ; // output app wdf rdy
wire [127:0] app rd data; // output [127:0] app _rd data
wire app rd data end; // output app rd data end
wire app_rd data valid ; // output app rd data valid
wire [15:0] app wdf mask; // input [15:0] app wdf mask
wire ui clk // output ui_clk
wire ui clk sync rst; // output ui clk sync rst
// System Clock Ports
wire sys_clk;
// Reference Clock Ports
wire clk ref ;
wire pll locked;
wire nsys rst=pll locked;
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FTE

1FiE=3 & /\%5 DDR3 SDRAM 5FPGA #2[]

MT41J128M16HA-125-- FPGAN AHFEFi%it, PLLIED
M AHPLLAE Bisys clk 100MHz, clk ref 200MHz

sys pll sys pll inst

(

// Clock out ports
.clk outl  (sys clk),
.clk out2  (clk ref),

// Status and control signals
. reset (1I’bl),

. locked (pl1 locked),
// Clock in ports

.clk inl (inc1k)
) ;
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FTE

1Flifss & )\% DDR3 SDRAM 5FPGA [
MT41J128M16HA-125-- FPGAN FHERF¥it, & AMRED

ddr ctrl ddr ctrl inst

(

.app_addr (app_addr),
.app_cmd (app_cmd),
.app_en (app_en),
.app_rdy (app_rdy),

.app wdf data (app wdf data),
.app wdf end (app wdf end),
.app wdf wren (app wdf wren),
.app wdf rdy (app wdf rdy),
.app_rd data (app_rd data),

.app_rd data end (app_rd data end),
.app_rd data valid (app rd data valid),

.clk (ui_clk),
.rst n (ui clk sync rst),
.error flag (error flag),

end flag (end flag)
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55/)\75 DDR3 SDRAM 5FPGA #[

MT41J128M16HA-125-- FPGAN FHFEF &1, | LMD

DDR#Z il gs 2 1, s N3H, Hubbk/wv%, 5, &

module ddr ctrl (
(k MARK DEBUG="true” *) output reg [28:0] app addr ,
(k MARK DEBUG="true” *) output reg [2:0] app cmd ,

(k MARK DEBUG="true” *) output reg app_en ,
(k MARK DEBUG="true” *) input app rdy ,//Hhk /42
(k MARK DEBUG="true” *) output reg [255:0] app wdf data ,
(k MARK DEBUG="true” *) output app wdf end ,
(k MARK DEBUG="true” *) output reg app wdf wren ,
(k MARK DEBUG="true” *) 1input app wdf rdy , //5HEA
(* MARK DEBUG="true” *) input [255:0] app rd data ,
(k MARK DEBUG="true” *) input app rd data end ,
(* MARK DEBUG="true” *) input app rd data valid , /R
input clk ,
input rst n ,
(k MARK DEBUG="true” *) output reg error flag = 048
output reg end flag =0

)
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FTE

Fiass & /\%5 DDR3 SDRAM 5FPGA #2[]

MT41J128M16HA-125-- FPGAN FHERF i1, & &lifEED
S e X, Bt HSoBEEERE

parameter BURST WR 128BIT = 16777216 ;
parameter BURST RD 128BIT = 16777216 ;
parameter  DATA = 128 habcdef1234567890abcdef1234567890 ;  //MREIE
(k MARK DEBUG="true” *) wire time wrreq = ( scnt == 28 d50 000 000 )
(k MARK DEBUG="true” *) wire time rdreq = ( scnt == 28 d00 000 000)
reg [27:0] scnt =0 : //100M Bf4h, // Read and write once every 1 second
(¢ MARK DEBUG="true” *) regl[3:0] cstate;
reg[3:0] nstate;
(¢ MARK DEBUG="true” *) reg [31:0] num = 0 ;
(k MARK DEBUG="true” *) reg [31:0] wrnum = O ;
always @ (posedge clk)

if (!rst_n) begin
scnt <=0 ;
end flag <= 0 ;

end

else if (sent < 28 d199 999 999) begin
sent <= scnt + 1;
end flag <=0
end
else begin
sent <= 0 ;
end flag <= “end flag

e ()



£ )\% DDR3 SDRAM 5FPGA £
MT41J128M16HA-125-- FPGARN FIFERF ¥, ] &MREE D

DDR¥EHIZF XS RSN, OREBAIWTL/ Btk %ZM, IREMFESRE, 2RER RS
always @ (posedge clk )

if ('rst n) cstate <= 0 ;
else cstate <{=nstate :

always @(cstate , time wrreq , time rdreq , num ,app rdy ,app wdf rdy)
case (cstate)

0 : begin
if ( time wrreq ) nstate <=1 ;
else if (time rdreq ) nstate <= 2 ;
else nstate <=0 ;
end
1: begin
if (( wrnum > BURST WR 128BIT) && (num >BURST WR 128BIT ) )
nstate <= 3 ;
else nstate <= 1 ;
end
2: begin
if (num > BURST RD 128BIT)
nstate <= 3 ;
else nstate <= 2 ;
end
3: nstate <= 0 ;
endcase
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55/\75 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125-- FPGAN FHERF i1, & &lifEED

N HFE TS5 DDREERISR AT H, Md/Hblh T4
always @ (posedge clk)

if (!rst n)
num <= 32" d0 ;
else
if (cstate ==1)
begin
if ( app rdy & app en )
num <= numt+ 1 ;

end
else
if ( cstate == 2)
begin
if (app rdy & app en)
num <= num +1 ;
end

else num <= 0 ;
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BTE

1FiE=3 & )\% DDR3 SDRAM 5FPGA [
MT41J128M16HA-125-- FPGAN FHERF¥it, & AMRED

AT
always @ ( posedge clk)

if (!rst n) wrnum <= 32°d0 ;
else
if (cstate == 1)
begin
if (app wdf rdy & app wdf wren)
wrnum <= wrnum +1 ;

end
else wrnum <= 0 ;
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55/\75 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125-- FPGAN FHERF i1, & &lifEED

N AR SDDRIEGI 4R 2 B, ian & Sk
always@ (posedge clk )
if (Crst n)
begin
app_cmd <= 3’ d0 ;
app en <= 1"b0 ;
app_addr <=27"d0
end
else begin
if ( cstate == 1)
begin
app_cmd <= 3’ b000
if ( num < BURST WR 128BIT )
app en <=1 ;
else
app en <=0 ;
if (app rdy & app en)
app addr[26:3] <= app addr[26:3]+1 ; // app addr[10:3] +1'bl ;
end
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55/\75 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125-- FPGARN FHFEFF#it, #HRMREN
NIRRT SDDRIEHI 2 AC B, Hang 4 Sk
else begin
if (cstate == 2)
begin
app_cmd <= 3’ b001 ;
if (num <BURST RD 128BIT)
app en <= 1’bl ;
else
app en <= 1'b0 ;
if (app_rdy&app en) //IEE R app rdySapp en[FI 1R, bk GEE .
app addr[26:3] <= app addr[26:3] + 1 ;
end
else
begin
app cmd <= 3°d0 ;
app en <= 1'b0 ;
app_addr <= 27°d0 ;
end

end
end
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55/\75 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125-- FPGAN FHERF i1, & &lifEED

ik g NHREF 5DDR3E Hi 4% 22 B
always @ ( posedge clk)
if (!rst n)
begin
app wdf data <= 128’ d0 ;
app wdf mask<=16"d0;
app wdf wren <= 0 ;
end
else begin
app wdf mask<=16"d0;
if(cstate == 1) begin

app wdf data <= DATA ;
if (wrnum < BURST WR 128BIT )
app_wdf wren <= 1’bl ;
else
app wdf wren <= 1’b0 ;
end

end
else begin
app wdf data <= 128’ d0 ;
app wdf wren <= 0
end
end

R MEDATARZEFEEH, — & EHW
app_wdf_wren&app wdf rdy NEARILL, W H4:

if Capp wdf wren&app wdf rdy)
DATA<=DATA NEW;

JRZ A& R Happ wdf wren&app wdf rdy NEW, DATAA REES
FIDDREE |, DATAA BERE BT N da, & W 4EHr o 2ds 5515
SR A )5 N IDATAZHE B R 5 N .
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BTE

1FiE=3 & )\% DDR3 SDRAM 5FPGA [
MT41J128M16HA-125-- FPGAN FHERF¥it, & AMRED

assign app wdf end = 1’ bl;

RS R EHIER L, WmEHIR
always @(posedge clk or negedge rst n)
if('rst n) begin
error flag <= 0;
end
else begin
if (app rd data valid&& (app rd data!= DATA))
error flag <=1 ;
else
error flag <=0

end




FPGA&IC BRI IRiE --FFfigss FII
= J\7 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125-- FPGAN FHERF i1, & &lifEED

Name

> W ddr_ctrl_instinum[31:0]
@ ddr_ctrl_inst/app_rd_data_end
o ddr_ctrl_insterror_flag

> M ddr_ctrl_instapp_rd_data[127:0]
o ddr_ctrl_inst/app_rd_data_valid

> W ddr_ctrl_instapp_wdf_data[127:0] abcdef1234567890a

> M ddr_ctrl_inst/app_addr26:0] 0001348
o ddr_ctrl_inst/app_rdy 0

0 } oo0l4te Q001500 ? 0001508

& ddr_ctrl_inst/app_en 1

> W ddr_cirl_instwrnum[31:0] 0000034f

O i QO0DO0Zad + 00000zZae QOOO0Za? i 0QOO00OQZas
o ddr_ctrl_instfapp_wdf_end
o ddr_cirl_inst/app_wdf_rdy

& ddr_ctrl_inst/app_wdf_wren

o ddr_ctrl_insttime_rdreq

g8-18 HKILK
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FPGA&IC RFIRIE --TFiEes
= J\7 DDR3 SDRAM 5FPGA [

MT41J128M16HA-125-- FPGARLFHFEFF T, il &illikEEO
ILA Status: Idle

Name

> W ddr_ctrl_instinum{31:0]
|8 ddr_ctrl_inst/app_rd_data_end

@ ddr_ctrl_inst/lerror_flag

> M ddr_ctrl_inst/app_rd_data[127:0] abcdef1234567890a - abcdefl234567890abodef123456

o ddr_cirl_inst/app_rd_data_valid 1
W' ddr_ctrl_inst/app_cmd[2:0} 1 !

I I I I

N ddr_ctrl_instfapp_wdf_data[127:0] 0000000000000000 000000000000000000000000000000

l

> W ddr_ctrl_inst/app_addr{26:0] 0001760 0000 4 0001020 _l 00010z8 4 0001030 £ 0001038 X 0001040 ¢4 Q001048 4 O
= ddr_ctrl_inst/app_rdy ‘ [
lé ddr_ctrl_inst/app_en 1 ' |
W ddr_ctrl_instwrnum({31:0] 00000000 00000000
@ ddr_ctrl_inst/app_wdf_end | [
e ddr_ctrl_inst/app_wdf_rdy
|8 ddr_ctrl_inst/app_wdf_wren

@ ddr_ctrl_insttime_rdreq
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