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AFA LY b2y TARDXvY v aDERA:
> XYyl aTAVDMEBIFSIVTYIRIZESDT—EICEETS (EEEHZIN

2)o
> FELGER: valid tag data
adr it
>index: ¥ v v S ANOBENSAVER T 5 o [
*R-d_éo A 25 A5 ;
>tagt ELWAEYTAVYINEDT A -
[CHMINTULENH#A T S-OIZFEF I e 1
=N b, i
> valid bit ZDx vy 254200 T—43 31
REINE S hERT. B, T
> data: E[RICHEM N T WBT—4 adr[31:7] Z } hit
> ZDEBES. 2Ev DU — K
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3) ZRLRAY (@dr[31:7]) (=
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proc2.v

module m_cache_direct_mapped (
1nput wire w_clk,
input wire w_we,

input wire [31:0] w_adr,

input wire [31:0] w_wadr,

input wire [57:0] w_wd,

output wire w_hit,

output wire [31:0] w_dout
)3

reg [57:0] mem [0:31]; o

integer i; initial for (i=0; i<32; i=1+1) mem[i] = 0;

wire [4:0] w_index = w_adr[6:2]; 9
wire W_V;
wire [24:0] w_tag;
assign {w_v, w_tag, w_dout} = mem[w_index];
[assign w_hit = w_v & (w_adr[31:7]==w_tag) ]} e

always @(posedge w_clk) if (w_we) mem[w_index] <= w_wd;
endmodule

(Source code available in /home/u_nesrine/ca2024/src)
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L BEOXrvIaa—FK (2/2)
QEERERR:

> prOCZ.Vs Samplez'tXt %H L/T’f I/7 I\ cp /home/u_nesrine/ca2024/src/proc2.v .

U _‘: — t _-g_ % o cp /home/u_nesrine/ca2024/src/sample2.txt .
> :/ E i I/—:/ = f/‘:J: U N EJJHEEEEE\%T? ’3 N $ /tools/cad/bin/verilator --binary -o simv proc2.v

./obj _dir/simv

> A=Y a3 VERTIAEUTORRNAEASINS,

\"
1

simulation finished.

cache hit 11643
cache miss 13774
total (hit+miss) 25417

- proc_ex4.v:410: Verilog S$finish
-Simulation Repor t: Verilator 5.028 2024-08-21

- Verilator: S$finish at 3us; walltime 0.195 s; speed 21.203 us/s
- Verilator: cpu 0.120 s on 1 threads; alloced 9 MB
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o XryiadAXEGATVNYIZT S

Q B&E:
>3RIV ELIT—FDTAYIPA XEHEIDFALY by TARDF Y Y
a5z onTLNS,
> proc2.v ® m_cache direct mapped EL 12— JLZZEEL., T M) #%E32H
HB64IZIEPT T &,
> EEMNTTLEL, YTalb—YarvEETL, HANUTE—BT S50 FEE
ERCR

4

simulation finished.

cache hit 21559
cache miss 3858
total (hit+miss) 25417
Verilog Sfinish

proc_ex4.v:411:
SR B T TR SR e e Repor t: Verilator 5.028 2024-08-21 Check Polnt &

- Verilator: S$finish at 3us; walltime 0.129 s; speed 23.262 us/s
- Verilator: cpu 0.109 s on 1 threads; alloced 9 MB
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B HABONRAZA (Project 6)

> DRAM DA LB IUVEZTAAITHINBZROYA VIV ZEKRD B,

> BB : DRAM DHEAH LB IUVEZTIAAICEDL S LNDY A 7 ILEL IS H
M5, L T. DRAMDT7 AN EWN. L %EBET 5,

> Aixk: DRAM DFEHFHEL (V—F) BLXUEZTAH (TA4 L) #gYRL, ¥
AONBEREST D, ZAHELEIUVEZTRAHFDZENEFNIZDONT, THIELT=
AL DENFETO IZFRKOYAUIILE] #LEE-1-1HBE. [RRXKDOYA
JIVE) EE#HIT S,

> HH: VIO THABLEBLUVESZTAAICHrN>EEROYAIVILEEZEHT S,

12

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo



ZE|
52N
=i
] l:l/
=ik

-  #LL\ Vivado Project 1% (1/2)

Q #7L L\ivado Project lproject 61 Z#{E%.
A #—XFIITROAY FZEAAL, Vivado %EENT 5.

O [Vivado 2024.1) #FIAT 5,

Ele Flow Tools Window Help
HLx Editions

$ source /tools/Xilinx/Vivado/2024.1/settings64.sh Quick Start

$ vivado & —

Open Example Project >

O Select Create Project, Click Next
1 Project name “project_6" and location Learning Center

Documentation and Tutorials >

“lhome/your_username/ca2024” are selected. e
» Check “Create project subdirectory”.

Tel Console

& XILINX

L Click Next
In Default Part window, select Parts, and write
XC7A35TICSG324-1L.
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51 RATv71:H L Vivado Project 5 (2/2)

cd ~/ca2024/project 6

cp /home/u_nesrine/ca2024/src/main6.v .

O Source COdeéj E—’g'é cp /home/u_nesrine/ca2024/src/main6.xdc .
0 /)_(_= j‘)lx—C‘: 77’()[/%3 l:o_.g_%) cp /home/u nesrine/ca2024/src/arty a7 mig.ucf .

O /home/u_nesrine/ca2024/src/ IZ{&F S TLV4 main6.v . main6.xdc &
arty_a7_mig.ucf #4Ef L7 0oy DT 4 LY LY ~/lca2024/project 6 [T E—
ERGY

O Click Add Sources, then select Add or create design sources and click Next.

O In Add or Create Design Sources window, click Add Files, select main6.v in project_6
directory, and click OK.

O Click Finish.
1 Click Add Sources, then select Add or create constraints and click Next.

O In Add or Create Constraints window, click Add Files, select mainé.xdc in project_6
directory, and click OK.

O Click Finish.
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- main6.v a— FO&HA (1/3)

d mainé.v ® 33— Kl&. DDR3 A E Y IZx T B

main6.v
HESWEZITO>ED 21—, rodule m_nain C .
input wire w_?lk, // 10@0MHz clock signal
AQDDR3IAENEDAFZ—T —RIZIE, Jirest of code T e

J;

Xiinx DAEF)A B3 —T 1 —RER
(MIG) IPa7ZERLTWLWS,

AMIGaF7IZRLT, EFAHFAT U FEHFEAHBLOAT U FFESEITEH T,
AENICT—2E2EZTAALEYSRAE LY T H5NEREEINTILVS,

A Ff=., AERVHIELETLEEDIKREZLEDIZERTRT 5,

Q AHAR—Fb:

Q wclk: TOOMHz @& w9 AR,

O wled:4Ew D LED H AT, BMEIREZRTT 5,

Q ddr3 *DORIEE L DDR3 »* £ & DIEHEF,

(Source code available in /home/u_nesrine/ca2024/src)
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main6.v 11— F®D&ERBA (2/3)

main6.v
//code
reg [ APP_ADDR_WIDTH-1 : @] r_app_addr = 0;
S =B2. reg [ APP_CMD__WIDTH-1 : @] r_app_cmd = 0;
D l/ /Zg t 1':-5' //rest of code

(Source code available in /home/u_nesrine/ca2024/src)
O WSOMDLIUREFROTANYHNEESINTEHEY., FITDDRI AEYa A—F
(mig_7series 0) &DA U EZ—TJz—RAICFEAINDS,
O r_app_addr & rapp.cmd [FAEVREDEHDT FLRETATY FEIEET 50D

%,
A rappenlZavy FRAEMTHAHZ &, rapp wdf wren [FEZAHADNEITHDH &
9,

Q r_app_wdf data [ZIEAEBADEZTAHAT—ITH 5,

Q rapp_wdf mask [(FEERAHT—FNNA FTEICESTHINENEXRT 0 HX. 1:
#3h),

Q app_rd data (EAE)DNSDFEAE LT —R2TH D,
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main6.v 11— F®D&ERBA (3/3)

QA AEVEERODRAT—rI Y ainG. v
> I’_State 75‘\%%5&& t EJ':IT:.J%HR l') MIE ’E%E'IE?— //code
éxj_-_ l\v:/yo reg [3:0] r_state = 0;
> init calib complete SUISE R LRSI SRR T e
DRAM D #IHAEAE T o rappen < 1;
> BEEIAATOLR: Ezgggigz;_wren ; i%MD_WRITE;
» RAT—FOT., AE) h§£1ﬁ%7 (app_rdy) end -
—6%%5&&7_:_9 75‘*% H’]\?f’bﬂ'ﬁﬁ o //rest of code

(ap p_Wdf_rdy) O)i’z‘_é . _r_app_en & (Source code available in /home/u_nesrine/ca2024/src)
r_app_wdf wren Z1I1Z5%E LEEAAFHA,

> BRE. AT—MIZEH, ETIAATET & rappaddr DA 20 1 A EFETT,

> A LTOER:
> RAT—R3TAERYUMNERT T DIHE. r_app_cmd Z CMD_READ 5% 7% L Tata+ER Y Z 5

I
Ho

> AT— 4T, app_rd_data valid WEMGELEET—2ZFHEABEL, rsumIZHEL., 7L
REA D 1) A2k,

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo




fﬁé Clocking Wizard Tclock ggﬂﬁéﬁé (1/2)

4 Click IP Catalog
O Double click Clocking Wizard in IP Catalog window

Flow Navigator =0 ? =
v PROJECT MANAGER
£+ Settings
Add Sources

Language Templates
¥ IP Catalog

> IP INTEGRATOR

Project Summary x| IP Catalog x 200

Cores | Interfaces

v SIMULATION Ql = =2 [# « & 2 0 1 o
Run Simulation E e Type ClOCkIng
Search: Q- clocking (2 matches)
Name AL axi4 Status License VLNV

<

RTL ANALYSIS
v (= Vivado Repository

~ [= FPGA Features and Design
v (= Clocking

|1:t Clocking Wizard | V\ AX14 Production Included  xilinx. com:ip: clk_wiz:6.0

——tou0le click

> Open Elaborated Design

<

SYNTHESIS
P Run Synthesis

> Open Synthesized Design

<

IMPLEMENTATION
P Run Implementation

> Open Implemented Design

<

PROGRAM AND DEBUG

¥ Generate Bitstream

> Open Hardware Manager
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A Clocking Options, Input Clock Information

: 100.000 MHz Input Frequency

O Output Clocks, clk_out1: 166.6 MHz Output Freq is

Requested

O Output Clocks, clk_out2 : 200 MHz Output Freq is

Requested

O Output Clocks: disable reset, power_down,

input_clk_stopped, locked, clksbstopped

Component Name clk_wiz_0

Clocking Options | Output Clocks Port Renaming | MMCM Settings | Summary
The phase is calculated relative to the active input clock.
Output Clodk_port ame O ITTTTE e
) clk_outl clk_outl 166.600 166.66667 0.000 0.000 50.000 50.0 BUFG
v clk_out2 clk_out2 200.000 200.00000 0.000 0.000 50.000 50.0 BUFG
clk_out3 clk_out3 100.000 0.000 50.000
clk_out4 100.000 0.000 50.000
clk_out5 100.000 0.000 50.000
clk_out6 100.000 0.000 50.000
clk_out7 100.000 0.000 50.000

Component Name clk_wiz_0

Clocking Options  Output Clocks

Clock Monitor

Enable Clock Monitoring

Primitive

®) MMCM PLL

Clocking Features
] Frequency Synthesis
] Phase Alignment
Dynamic Reconfig
Safe Clock Startup

Dynamic Reconfig Interface
Options

Input Clock Information

Minimize Power
Spread Spectrum

Dynamic Phase Shift

. Clocking Wizard Tclock &L €3 (2/2)

Port Renaming MMCM Settings Summar Yy

Jitter Optimization

®) Balanced
Minimize Output Jitter

Maximize Input Jitter filtering

Input Clock Port Name Input Frequency(MHz) Jitter Options Input Jitter Source
Primary clk inl 100.000 10.000 - 800.000 ul ~ 0.010 Single ended clock capable pin ~
Secondary clk_in2 100.000 0.010

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo

Enable Optional Inputs / Outputs for MMCM/PLL

(Jreset [ ) power_down [Jinput_clk_stopped

() locked [ ] clkfbstopped

v

Cancel
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DDD

QVIoORarvI74Fal—ar:
1. VivadoT IP Catalog B E. vio #8FET 5,

REYT D
Input Probe Count: 4

2. UTD&LSITVIOZE
>
» Probe Width:
> In0: 28
> Inl: 32
> In2:8
> In3:8

3. Click Generate and click OK if

Generate Output Products window.

VIO (Virtual Input/Output) DEXE

project_21- [fhome/u_nes

Flle Edit Flow Tools Reports Window Layout View Help = Q

rine ftest/cajproject_21/project_21.xpr] - Vivado 2022.2

D 0 &

write_bitstream Complete

= - B X > B & T ¥ Dashboard « 2= Default Layout ~
Flow Navigator e - ( tef/Digilent/21 031 SAE1 8754 2?2 x
~ PROJECT MANAGER @ There are no debug cores. Program device Refresh device
£ settings
sources x Hardware 2 _00G code202.v x| IP Catalog x M 7?00
add sources | e Vvio
o Cores | Interfaces
Language Templates
SHIT IR =
X §?an:h| - vi Il match)
~ IP INTEGRATOR @ m_UartTx0 : m_UartTx (code202 Name AT Axi4 Stat License VLNV
Create Block Design » & Disabled Sources (1 v = Vivado Repository
. - » & Constraints (1 ~ & Debug & Verification
» % Simulatien Sourc v - Debo
» i Utility Sources IL IO (Virtual Input/Output) I Production Included  xilinx.com:ip:vie: 3.0
~ SIMULATION
Run Simulation D bl | . k
v RTLANALYSIS u e C IC
> Open Elaborated Design Wierarchy | Lbraries
v SYNTHESIS 1P Properties
P Run Synthesis -
¥ 10 (Virtual Input/Output)
» Open Synthesized Design s
Version: 3.0 (Rev. 2,
o [t Description: The Yirt
> B
Component Name vio_0

[To configure more than 64 probe ports use Vivado Tcl Console

can both monitor and drive internal FPGA signals in real time. The number and width of

General Options  PROBE_IN Ports(0..3)

Input Probe Count 4 [0 - 256]

Output Probe Count 0

(v) Enable Input Probe Activity Detectors

ice with the FPGA design. Because the VIO core is synchronous to the design being

Iso applied to the components inside the VIO core.

pl ign ar
do logic analyzer feature.

asked in —

Component Name

vio_0

[To configure more than 64 probe ports use Vivado Tcl Console

General Options  PROBE_IN Ports(0..3)

Probe Port Probe Width [1 - 256 ]

PROBE_INO 28
PROBE_IN1

PROBE_IN2

PROBE_IN3

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo
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MIG (Memory Interface Generator) D&% (1/8)

Q Xilinx Memory Interface Generator (MIG) &LV IP 37 Z~X—X|[Z Xilinx FPGA
TDRAM A E) Z8MNT &

AMIG ZERT 5D IP a7DEEFAHE

» Click IP Catalog
» Double click Memory Interface Generator (MIG 7 Series) in IP Catalog
window

Flow Navigator 2 PROJECT MANAGER - project_5 ? X
~ PROJECT MANAGER -
Sources ?2 00X Project Summary x| IP Catalog x| IP Catalog(2 x 200
£ Settings .
-~ .
= £ Cores | Interfaces T rT]
Add Sources Q S+ D i e I
» [ Design Sources (1 > a /
Language Templates ¢ . ) Q = s | # '{:4 # & o‘ o
> Constraints (1
LT atalog Simulation Sources (1 Search: Q- mig (1 match) I
v = osim_l (1 Name Al axa
IP INTEGRATOR > @5 m_main (main.v) (3 v (= Vivado Repository

> [ Utility Sources

Create Block Design ~ Memories & Storage Elements

Hierarchy |P Sources Libraries Compile Order N i e e o C | M k t
Memory Interface Generator (MIG 7 Series) | AXI4 I C n eX

IP Properties ? 00X v\ . \Am
Double click

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo 21



A}

. MIG (Memory Interface Generator) D EX5E (2/8)

d MIG Output Options: check Create Design

O MIG Output Options, Component Name: mig_7series_0
d MIG Output Options, Multi-Controller: 1

d MIG Output Options, AXI4 Interface: uncheck

Memory Interface Generator X

AM D a MIG Output Options

e Create Design
Vivado

Select this option to generate a memory controller. Generating a memory controller will create RTL, XDC,
ML Edition Verify Pin Changes and Update Design

implementation and simulation files.

Selecting this feature verifies the modified XDC for a design already generated through MIG. This option will allow
you to change the pin out and validate it instantly. 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 created "example_design","user_design" and "docs". The
user_design will contain the generated memory interface. The example_design adds a simple example application

connected to the generated memory interface.
I Component Name mig_7series_0 I

Multi-Controller

Up to maximum of 8 controllers with a combination of DDR3 SDRAM, QDRII+ SRAM or RLDRAM Il can be generated. The
number of controllers that can be accommodated may be limited by the data width and the number of banks

available in device. Refer user guide for more information
I Number of controllers |1 2 I

AXI4 Interface

Enables the AXI4 interface. AXI4 interface is supported only for DDR3 SDRAM and DDR2 SDRAM controllers with Verilog

design entry.
AXI4 Interface

User Guide

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo 22



d Pin Compatible FPGAs: uncheck

d Memory Selection: check DDR3 SDRAM

Memory Selection

Select the type of memory interface. Please refer to the User Guide for a detailed list of supported controllers for
each FPGA family. The list below shows currently available interface(s) for the specific FPGA, speed grade and design

entry chosen.

Select the controller type:

@ DDR3 SDRAM

DDR2 SDRAM

() LPDDR2 SDRAM

Pin Compatible FPGAs

v [ @ artix7

v = 7a

0O
O
0O
O

Xc7alSti-csg324
Xc7a50ti-csg324
Xc7a75ti-csg324
Xc7al00ti-csg324

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo
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A}

O Options for Controller 0, Clock Period: 3000
Options for Controller 0, Memory

Type: MT41K128M16XX-15E

Options for Controller 0, Memory Type: Create

U

U

Custom Part

Options for Controller 0, Memory Voltage: 1.35V
Options for Controller 0, Data Width: 16
Options for Controller 0, Data Mask: check

U 00O

Options for Controller 0, Number of Bank
Machines: 4
Options for Controller 0, Ordering: Strict

U

Options for Controller 0 - DDR3 SDRAM

Clock Period: Choose the clock period for the desired frequency. The allowed period
range(2500 - 3300) is a function of the selected FPGA part and FPGA speed grade.
Refer to the User Guide for more information.

PHY to Controller Clock Ratio: Select the PHY to Memory Controller clock ratio. The
PHY operates at the Memory Clock Period chosen above. The controller operates at
either 1/4 or 1/2 of the PHY rate. The selected Memory Clock Period will limit the choices

Memory Type: Select the memory type. Type(s) marked with a warning symbol are not
compatible with the frequency selection above.

Memory Part: Select the memory part. Part(s) marked with a warning symbol are not
compatible with the frequency 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" feature is not supported for RLDRAM II.

Memory Voltage: Select the Voltage of the Memory part selected. 1.35V v
Data Width: Select the Data Width. Parts marked with a warning symbol are not
: - 16 v
compatible with the frequency and 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 supported.
Data Mask: Enable or disable the generation of Data Mask (DM) pins using this check box. This option
can be selectable only if the memory part selected has DM pins. Uncheck this box to not use data masks 7
and save FPGA I/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. 2 -
Note:Setting a lower value will result in lower resource utilization, but may effect controller efficiency for
certain traffic patterns.
ORDERING: Normal mode allows the memory controller to reorder commands to the memory to obtain the
highest possible efficiency. Strict mode forces the controller to execute commands in the exact order Strict v
received.

MIG (Memory Interface Generator) D% (4/8)

3,000 2 ps |333.33MHz

MT41K128M16XX-15E

Create Custom Part

Memory Details: 2Gb, x16, row:14, col:10, bank:3, data bits per strobe:8, with data mask, single rank, 1.35V,1.5V

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo

24



el

I
] —
=
CPU
=
—

A}

O Memory Options CO, Input Clock
Period: 6000 ps

O Memory Options CO, Read Burst Type and
Length: Sequential

d Memory Options CO, Output Driver
Impedance Control: RZQ/6

d Memory Options CO, RTT: RZQ/6

d Memory Options CO, Controller Chip Select
Pin: Enable

d Memory Options CO, Memory Address
Mapping Selection: check below (BANK,
ROW, COKUMN)

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo

'~ MIG (Memory Interface Generator) D& 5E (5/8)

Memory Options CO - DDR3 SDRAM

Input Clock Period: Select the period for the PLL input clock (CLKIN). MIG
determines the allowable input clock periods based on the Memory Clock Period

entered above and the clocking guidelines listed in the User Guide. The

generated design will use the selected Input Clock and Memory Clock Periods to G000 ps (166.667 M) v

generate the required PLL parameters. If the required input clock period is not
available, the Memory Clock Period must be modified.

Choose the Memory Options for the memory device. Memory Option selections are restricted to those supported by the controller.
Consult the memory vendor data sheet for more information.

Read Burst Type and Length

The burst type determines the data ordering within a burst. Consult the memory

datasheet for more information. Burst length 8 is the only supported value. Saquastal v
Output Driver Impedance Control
Programmable impedance for the output buffer, RZQ/6 v

RTT (nominal) - On Die Termination (ODT)

Select the nominal value of ODT for the DQ, DQS/DQS# and DM signals on the component
or DIMM interface, This must be set to RZQ/6 i(40 ohms) for data rates at 1333 Mbps and

above. In 2 slot DIMM configuations this value will be used for the unwritten slot during a RZQ/6 v |

write and will also be used for the unselected slot during a read. Use board level

simulation to choose the optimum value.

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 set to 'Disable’. Disable is only valid for I Enable v |
single rank configurations.

Memory Address Mapping Selection

User Address

S >

ROW BANK COLUMN

®) |BANK ROW COLUMN
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I 5
&
System Clock

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

System Clock I No Buffer v I

Reference Clock

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

Reference Clock | No Buffer v I

O FPGA Options, System Clock: No Buffer . ...ce.epotsry

O FPGA Options, Reference Clock: No System Reset polarity e .
B u ffe r Debug Signals Control

This feature allows various debug signals present in the IP to be monitored on the ChipScope tool. The debug signals include
status signals of various PHY calibration stages. Enabling this feature will connect all the debug signals 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
D F P GA O ptl O n S, Syste ' ' | ReS et can replace the grounded signals with the required signals.

Debug Signals for Memory Controller OFF v

Polarity: ACTIVE HIGH <l it Bapti

. . This selects the value of Sample Data depth for Chipscope ILA used in Debug logic.
Q FPGA Options, Debug Signals for Sample Data Depth

Internal Vref

M e m O ry C O n t ro | | e r: O F F Internal Vref can be used to allow the use of the Vref pins as normal 10 pins. This option can only be used at 800 Mbps and

lower data rates. This can free 2 pins per bank where inputs are used. This setting has no effect on banks with only outputs.

O FPGA Options, Internal Vref: Check

10 Power Reduction

* Significantly reduces average |0 power by automatically disabling DQ/DQS IBUFs and internal terminations during WRITEs and
O FPGA Options, |O Power Reduction: ON  sopearmyreduces sersoe 0 ponery SR :
D FPGA . 10 Power Reduction ON v
Options, XADC
° ° . The memory interface uses the temperature reading from the XADC block to perform temperature compensation and keep
| n Sta n t I a t I O n R E n a e the read DQS centered in the data window. 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 instantiated. 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 UG586 for detailed information.

XADC Instantiation Enabled v

v
CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo 26
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MIG (Memory Interface Generator) D&% E (6/8)

D EXte n d e d F PGA O pti O nS, | n te rn a | Internal Termination for High Range Banks

Select the internal termination (IN_TERM) impedance for the High Range (HR) banks. This setting applies only to the HR
banks used in the interface.

Te rm i n a t i O n | m p e d a n Ce : 5 O O h m S Internal Termination Impedance 50 Ohms v

Pin/Bank Selection Mode

D Plﬂ/Bank Se|eCt|On MOde CheCk leed Pln _) New Design: Pick the optimum banks for a new design
Out: Pre_eX|St|ng pln Out |S known and flxed (® Fixed Pin Out: Pre-existing pin out is known and fixed

[ Pin Selection: click Read XDC/UCF, and validate || read xocnucr | [ save pin out
select a file named arty_a7_mig.ucf, and \
click Validate

Validation successful. Press Next to proceed| | validate || ReadXoC/UCF || Save PinOut | /

DRC Validation

Q | ——
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. MIG (Memory Interface Generator) DE&5E (7/8)

System Signals Selection

Select the system pins below appropriately for the interface. Customization of these pins can also be made in the XDC after the
design is generated. For more information see UGS586 Bank and Pin rules.

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

O System Signals Selection, sys_rst: No connect
O System Signals Selection, init_calib_complete: NO connect e somenorse comeesmamanio veione oo oio s

« sys_rst: This input signal is used to reset the interface.
it_calib_complete: This signal indicates that the interface has completed calibration and memo

D Syste m Si g n a I S Se | ecti O n’ tg_c O m p a re_e r ro r: N O CO n n ect gtﬂ:aasz;gzg |Sse1§?g())/;ogeclg$mands. LOC constraint will be generated in XDC for Example design only based

« error: This output signal indicates that the traffic generator in the Example Design has detected a data
mismatch. This signal does not exist in the User Design.

Signal Name Bank Number Pin Number
sys_rst Select Bank ~ No connect -
init_calib_complete Select Bank ~ No connect -
tg_compare_error Select Bank ~ No connect v
Memory Interface Generator x
Memory Interface Generator x
Memory Interface Generator x
D ‘ = A M D ‘l A M D n Creating Printed Circuit Boards for MIG Designs

AMD¢ Vivado . The User Guide can be accessed by lcking the User Guide buton i the foner ek comer of i ool Referta Desgn Guidlnes

Vivado : ML Edition Vivado section of the resp

ML Edition

ML Edition
if any of the above options are incorect. please click on *Cancel®. change the CORE Generator Project Options, and restart

Pin Compatible FPGAS
Pin Compatible FPGAS
.
Controller Options

Fin Compatible FPGAS
Memory Selection
Contraller Options

ry Selection

Controller Options

2 Parameter

20 Parameter

Memory Opti 0 Parameter
#PGA Options Memory Options
e Bk Extended FPGA Options FPGA Options
Extended FPGA Options OFF 10 Planning Options Extended FRGA Options
16 Moarkis pptiodd s enabled Pin Selection 10 Planning Options
Pin Selection OF owes Rellue ) System Signals Selection Pin Selection
t XADC instantiati G :Enabled " :
System Signals Selection Summary System Signals Selection
Summary Simulation Options Summary
enabled Simulation Options
Sponm PCB information
” Controlier 0
Controller Opti
Memory
interface
Design
Ph
.
.
onents .
MT41K128M16XX-15E -
Equivalent Part(s) < i Tpaz |
$ 2 Check Accapt o Dacine to proceed. By clicking Accept, memory model will be output i the Sgation director
S By clicking Declne, a memory model must be acqured and configured appropriately @ accept O Decine
User Guide

Cancel User Guide <ok | EEEE [ concel

wser Guide

cancel
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AMDA

Vivado
ML Edition

Pin Compatible FPGAS
Memory Selection
Controller Options

AXI Parameter

Memory Options

FPGA Options
Extended FPGA Options
10 Planning Options

Pin Selection

System Signals Selection
Summary

Simulation Options

PCB information
Design Notes

[ wser Guide

MIG (Memory Interface Generator)

Memory Interface Generator
DDR3 SDRAM Design for Artix-7 FPGAs

Design Notes

1. This design is tested with Vivado 2018.3 version

2. This design is simulated with Questa SIM 10.6¢ version, VCS N-2017.12-SP2 version, and IES 15.20.053 version
3. Components, RDIMMs, UDIMMs and SODIMMs are supported

4. If fly by delays are simulated, they must be limited to 1.2ns

. Consult the Version Info for known limitations

Key Enhancements for MIG 2.4 - 2015.4 release

1. Updated Maximum supported design frequencies as per the 7 Series DC and AC Switching Characteristics data
sheets

Key Enhancements for MIG 2.3 - 2014.4 release

1. Updated Maximum supported design frequencies as per the 7 Series DC and AC Switching Characteristics data

sheets
2. DDR3 OCLK delay calibration enhancements
Key Enhancements for MIG 2.2 - 2014.3 release

1. Updated Maximum supported design frequencies as per the 7 Series DC and AC Switching Characteristics data

sheets
2. Updated Maximum supported design frequencies according to (Xilinx Answer 59187)

Key Enhancements for MIG 2.1 - 2014.2 release

1. DDR3 Clocking Scheme changes
2. DDRS3 read path calibration algorithm changes

Key Enhancements for MIG 2.0 - 2014.1 release

1. Extended IES and VCS support to Multi-Controller mCAIluIntél'Iz deG
int

| <gack | Generate | cancel

Generate Output Products

The following output products will be generated.

Preview
Q = =2

| mig_7series_0.xci p
Instantiation Template

Synthesized Checkpoint (.dcp)
Structural Simulation

Implementation

Synthesis Options

) Global

) Out of context per |P

Run Settings
(®) On local host: Number of jobs:
() on remote hosts figure Host
Launch rung on Cluster

_) Generate scripts only

Do not launch
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- DRAM A\

DY)—KESA MDD LA TUOVERDS

O DRAM DHFEAH LB L UVEZTRAAIIHINDIERDY AV ILEBZEREST 5,
d main6.v ® m main E>a—I/)LZEELT. DRAM DFHEAHL EEZAAITHINSE&

KDHA D ILEHEKRD B,

> DRAM DA H LB L UVEZAHAHITHINB YA U ILBZERET 5,
> KDY A9 IIVEEELETRT 5,
> VIO THEEYT 5,

hw vio_1
Q T 2 -
Name

> r_sum([31:0]
r app addr[27:0]

Value
[U] 33554432

H

2
> r_ld_max_latency[7:0]
>

r_st_max_latency[7:0]

CSC. T363 Computer Architecture, Department of Computer Science, Science Tokyo

Activity

Direction
Input
Input
Input
Input

VIO

hw _vio 1
hw_vio_1
hw_vio_1
hw_vio_1

main6.v
//code
reg [9:0] r_ld_latency = 0; //register that stores the latency for a load operation
reg [9:0] r_ld_max_latency = 0; //maximum latency encountered during load operations
reg [9:0] r_st_latency = 0; //register that stores the latency for a store operation
reg [9:0] r_st_max_latency = 0; //maximum latency encountered during store operations

always @(posedge w_ui_clk) if (init_calib_complete) begin
//Complete here
end

vio 0 vio® (w_ui_clk, r_app_addr, r_sum, r_st _max_latency, r_ld_max_latency);

//rest of code

(Source code available in /home/u_nesrine/ca2024/src)

&6

Check Point #
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4 https://www.acri.c.titech.ac.jp/wordpress/archives/6767

O https://github.com/kisek/fpga_arty a7 dram
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